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Thirteen years have elapsed since the publication of the fourth edition of this book. In the 
interim, a large number of books and atlases on the subject of cytopathology have been 
published. Some of these books are lavishly illustrated with color photographs and a few have 
benefited from an excellent layout. Therefore, a legitimate question may be asked — whether a 
new edition of an “older” book (so characterized by a young cytopathologist testifying in a court 
case) is justified. 

The colossal effort involved in updating this book was undertaken not to produce an atlas or a 
synoptic book that may appeal to readers favoring easy fare, but to create a textbook that 
covers, in depth, the broad field of human pathology through the prism of cells and 
corresponding tissue lesions. This book reflects half a century of practical and research 
experience of the principal author, now assisted by a trusted friend and colleague, Dr. Myron R. 
Melamed. 

In rewriting this book, particular attention has been devoted to the interpretation of the 
increasingly important aspirated cell samples, colloquially known as fine needle aspiration 
biopsies or FNAs. A book on this topic, by Koss, Woyke, and Olszewski, published in 1992 by 
Igaku-Shoin, is out of print and no longer available. In the previous editions of Diagnostic 
Cytology, the topic was treated as a single, very large chapter, originally written by the late Dr. 
Josef Zajicek and his associates from the Karolinska Hospital in Stockholm; it was updated in 
the fourth edition by this writer. As this fifth edition was being planned, it became paramount to 
expand the single chapter into a series of chapters, each addressing in depth the topics at 
hand. We were fortunate to secure the help of several distinguished colleagues whose names 
are listed as authors of their chapters. The chapters written by the principal author and editor of 
this book (LGK) carry no author's name. All the contributions were carefully reviewed and 
revised by the senior editor; thus, the blame for any insufficiencies falls on his shoulders. 
Inevitably, some duplications of information occurred and were not eliminated. It was interesting 
to see how different observers look at the same, or similar, issues from a different vantage 
point. Innovations in the practice of cytopathology and, when available, data on molecular 
biology and cytogenetics have been incorporated into the discussion of organs and organ 
systems. Therefore, it is hoped that the book will continue to fulfill its role as a source of 
knowledge and references of value to the cytopathologists, the cytopathologist-in-training, the 
practicing pathologists, the cytotechnologists, and even some basic science investigators who 
may be interested in the clinical approach to a discussion of human cells and tissues. With the 
exception of some irreplaceable black-and-white photographs or drawings, the book is 
illustrated in color. 



Another aspect of cytopathology that has emerged in the 1990s, to the dismay of many, has 
been the legal responsibility that cytopathologists have to assume if a diagnostic verdict is 
alleged to have led to significant damage or sometimes even death of a patient. Although there 
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are many who are attempting to soften the blow to their egos and pockets of their insurance 
company by contriving complex defense maneuvers, the bottom line remains, as it has always 
been, that the patients come first and are entitled to competent services by laboratories. This 
has been one of the guiding principles in this new edition, wherein considerable attention has 
been devoted to avoidance of errors. 

This book took over five years to complete. It is hoped that the readers will find it informative 
and useful. With the aging process taking its toll, it is unlikely that future editions of this book, if 
any, will be written or edited by the same authors. 

Leopold G. Koss M.D. 
New York, 2005 
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Preface to First Edition, 1961 



The concept of diagnostic cytology as presented in this work has been greatly influenced by 
the efforts of Dr. George N. Papanicolaou. His contributions to our knowledge of the cytologic 
presentation of cancer have changed the status of cytology from a largely theoretical field of 
knowledge to a widely accepted laboratory procedure. 

In the present work the widely used expression “exfoliative cytology” has been replaced by 
“diagnostic cytology.” The method is not based on examination of exfoliated cells alone; 
material may be also obtained from organs that do not yield any spontaneously exfoliating cells. 
Cytology has ceased to be an adjunct to other methods of diagnosis; rather, it has become a 
primary source of information in many fields of medicine, such as gynecology, urology, and 
thoracic surgery, to name only a few. It is our feeling that the pathologist competent in 
examination of cytologic preparations should not suggest the possibility of a diagnosis but must 
learn to establish a diagnosis, in much the same way as on examination of histologic evidence. 
A laboratory of diagnostic cytology should be operated on the same principles as a laboratory 
of surgical pathology. 

The purpose of the authors in the present volume is to outline and explain the principles of 
diagnostic cytology for the use of practicing pathologists and others who may be interested in 
this challenging field. The authors hope that this book will fill a gap in the library of manuals on 
methods of laboratory diagnosis. 

This book consists of two parts: the first has been devoted to a brief resume of basic cytology 
and cytopathology, the second part to special diagnostic cytology of organs. Each organ or 
system has been treated as follows: 

1 . Normal histology and cytology 

2. Benign cytopathologic aberrations 

3. Cytopathology of cancer 

In some instances additional subdivisions were required. The pathology and the cytology of the 
female genital tract have been discusses in a some-what more detailed manner because of 
great current interest. 

Throughout an attempt has been made to interpret the cellular alterations in terms of patters of 
disease. A description of histologic changes therefore precedes or accompanies, whenever 
possible, the discussion of the cytologic patterns. 

The practice of diagnostic cytology is very time-consuming, and much of the task of screening 
smears is usually delegated to lay screeners or cytotechnologists. The role of trained 
cytotechnologists cannot be emphasized sufficiently, and their skill is a tremendous asset to the 
pathologist, to the laboratory, and last, but not least, to the patient. Since it is hoped that this 
book will also help in teaching and training of cytotechnologists, certain basic concepts of 
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anatomy, histology, cytology, and tissue pathology have been included. To those among the 
readers who will find these passages cumbersome, the authors express their apologies. 

However, it was felt that the book would be of greater practical value if the entire field of human 
pathology on the cellular level were presented in as complete a manner as possible. 

Among the numerous applications of cytologic technics, one stands out very clearly. It is the 
place of cytology in the detection and the diagnosis of early, clinically silent cancer of various 
organs, such as cervix uteri, endometrium, bronchus, bladder, stomach, etc. Cytology has been 
primarily responsible for our increasing but still fragmentary knowledge of this group of 
diseases. Therefore, special emphasis in this book has been placed on the histologic and 
cytologic presentation of early cancer. 

Statistical data pertaining to the value of cytology as applied to various organs have been 
omitted except for statements emphasizing specific points. The authors are satisfied that in their 
hands the method has proved to be highly reliable and accurate, and there are also other 
laboratories where the same standards prevail. The concept of a “false negative” cytologic 
diagnosis is as absurd as the concept of a “false negative” biopsy. Cytology is no substitute for 
a tissue biopsy but may be made equally reliable, especially in situations where a biopsy is not 
contemplated or not possible. As in other forms of laboratory diagnosis, it is practically 
impossible to avoid all errors in cytologic findings by comparison with histologic sections and 
thorough follow-up of patients are among the surest methods to improve and polish one's 
knowledge and to avoid the pitfalls of cellular morphology. 

It is apparent that it would be beyond the scope of any volume to attempt to illustrate all the 
variations of normal and abnormal cells; therefore, the authors consider illustrations merely as 
an aid in the interpretation of the written word. The photographs, prepared by one of us (GRD), 
are chiefly in black and white and are based largely on material from Cytology and Pathology 
Laboratories at Memorial Hospital. Except when noted, the cytologic material was stained by 
Papanicolaou's technic, and the histologic material with hematoxylin and eosin. Use of more 

color photography would have raised the price of the book to prohibitive levels. The beautiful 

* 

color pictures in Papanicolaou's Atlas may be profitably consulted in conjunction with the 
present text. 

Since this book has no precedent, undoubtedly there will be some errors of judgment and 
omission. The authors will be grateful for criticism and corrections from the readers. 

Leopold G. Koss M.D. 

Grace R. Durfee, B.S. 
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The magnification factors of the color photographs taken with objectives 10x, 20 or 25*, or 40* 
are not included in the legends. Only unusual magnifications, such as very low power, very high 
dry power (objectives 60-80*), and oil immersion are listed. Two families of stains were 
predominantly used: Papanicolaou stain for fixed smears and one of the hematologic stains 
(May-Grunwald-Giemsa or Diff-Quik) for aspiration smears. Tissue sections were generally 
stained with hematoxylin and eosin. Exceptions are noted. 
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1 

Diagnostic Cytology: Its Origins and Principles 

EARLY EVENTS: THE BIRTH OF MICROSCOPY AND CLINICAL CYTOLOGY 

Diagnostic cytology is the culmination of several centuries of observations and research. 

Although it is beyond the scope of this overview to give a detailed account of the past events, 
the readers may find a brief summary of these developments of interest. 

Although some cells can be seen with the naked eye, for example, birds' or reptiles' eggs, it was 
the invention of the microscope that led to the recognition that all living matter is composed of 
cells. The term microscope was proposed in 1624 by an Italian group of scientists, united at 
the Academia dei Licei in Florence. The group, among others, included the great astronomer, 
Galileo, who apparently was also a user of one of the first instruments of this kind (Purtle, 

1974). The first microscopes of practical value were constructed in Italy and in Holland in the 
17th century. The best instrument, constructed by the Dutchman, Anthony van Leeuwenhoek 
(1632-1723) allowed a magnification of * 275. Leeuwenhoek reported on the miraculous world 
of microscopy in a series of letters to the Royal Society in London. His observations ranged 
from bacteria to spermatozoa. Interested readers will find illustrations of Leeuwenhoek's work 
and further comments on him and his contemporaries in the excellent book entitled History of 
Clinical Cytology by Grunze and Spriggs (1983). For nearly 2 centuries thereafter, these 
instruments were costly, very difficult to use and, therefore, accessible only to a very small, 
wealthy elite of interested scientists, most of whom were amateurs dabbling with microscopy as 
a diversion. Many of these microscopes were works of art (Fig. 1-1). Using one of these 
microscopes with a focusing adjustment, the Secretary of the Royal College in London, Robert 
Hooke, observed, in 1665, that corks and sponges were composed of little boxes that he called 
cells (from Latin, cellula = chamber) but the significance of this observation did not become 
apparent for almost 200 years. The great 17th century Italian anatomist, Malpighi, was also 
familiar with the microscope and is justly considered the creator of histology. The event that, in 
my judgment, proved to be decisive in better understanding of 

P.4 

cell and tissue structure in health and disease was the invention of achromatic lenses that 
allowed an undistorted view of microscopic images. In the 1820s, the construction of compound 
microscopes provided with such optics occurred nearly simultaneously in London (by Lister, the 
father of Lord Lister, the proponent of surgical antisepsis) and in Paris (by the family of 
opticians and microscope makers, named Chevalier). These microscopes, with many 
subsequent improvements, were easy to use, could be mass-produced at a reasonable price, 
and thus became available to a great many interested professional investigators, leading to a 
better understanding of cell structure and, indirectly, to an insight into the mechanisms of cell 
function and, hence, of life processes. Although, even in the age of molecular biology, much 
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remains to be discovered about the interplay of molecules leading to cell differentiation and 
function, some progress has been made (see Chaps. 3 and 7) and more can be expected in the 
years to come. 




Figure 1-1 Two beautiful 17th century microscopes. (Courtesy of the Billing's 
Collection, Armed Forces Institute of Pathology, Washington, DC.) 



Nearly all the microscopic observations during the first half of the 19th century were conducted 
on cells because the techniques of tissue processing for microscopic examination were very 
primitive. Early on, the investigators observed that animal cells from different organs varied in 
size and shape and that some were provided with specialized structures, such as cilia. Perhaps 
the most remarkable record of these observations was an atlas of microscopic images by a 
French microscopist, Andre Frangois Donne, published in Paris in 1845. The atlas was the 
first book illustrated with actual photomicrographs of remarkable quality (Fig. 1-2), obtained by 
the newly described method of Daguerre. The observations by many early observers led to the 
classification of normal cells and, subsequently, tissues as the backbone of normal cytology 
and histology. In the middle of the 19th century, the pioneering German pathologist, Rudolf 
Virchow, postulated that each cell is derived from another cell ( omnis cellula a cellula ). This 
assumption, which repeatedly has been proved to be correct, implies that at some time in a very 
distant past, probably many million years ago, the first cell, the mother of all cells, came to exist. 
How this happened is not known and is the subject of ongoing investigations. 

By the middle of the 19th century, several books on the use of the microscope in medicine 
became available. In the book, The Microscope in its Applications to Practical Medicine, 

P.5 

that appeared in two editions (1854 and 1858), Lionel Beale of London described the cells as 
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follows: “A cell consists of a perfectly closed sac containing certain contents. The most 
important structure within the cell wall, in most instances, is the nucleus, upon which the 
multiplication of the cell ... (and other functions) ... depend. It must be borne in mind, however, 
that in some cells, such as the human blood corpuscles (erythrocytes, comment by LGK) a 
nucleus is not to be demonstrated. Within the nucleus there usually exists ... a clear bright spot. 

This is the nucleolus.” Beale further classified cells into several categories according to their 
shapes (scaly or squamous cells, tesse/ated cells [epithelial cells lining serous membranes, 

LGK], polygonal cells, columnar cells, spherical cells, spindle-shaped cells, fusiform cells, etc.), 
thus describing the entire spectrum of cell configuration. He further described cells derived from 
various organs (including the central nervous system) and reported that some cells were 
ciliated, notably those of the trachea, bronchus, fallopian tubes and portions of the endocervical 
canal. Beale also reported that “some cells have a remarkable power of multiplication ... 
distinguished for the distinctness and number of its nuclei” (cancer cells). Beale described the 
use of the microscope to identify cancer of various organs that he could distinguish from a 
benign change of a similar clinical appearance. It is evident, therefore, that by the middle of the 
19th century, approximately 150 years ago, there was considerable knowledge of the 
microscopic configuration of human cells and their role in the diagnosis of human disease. 




Figure 1-2 Reproduction of Figure 33 from Donne's Atlas, published in 1845. The 

daguerreotype represents “vaginal secreta” and shows squamous cells, leukocytes, 
identified as “purulent globules” ( b ), and Trichomonas vaginalis (c). Note the remarkable 
pictorial quality of the unstained material. 
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Perhaps the most important series of observations pertinent to this narrative was the 
recognition that cells obtained from clinically evident cancerous growths differed from normal 
cells. The initial observations on cancer cells is attributed to a young German physiologist, 

Johannes Muller, who, in 1838, published an illustrated monograph entitled On the Nature 
and Structural Characteristics of Cancer and Those Morbid Growth That Can Be 
Confounded With it. In this monograph, Muller discussed at some length the differences in 
configuration of cells and their nuclei in cancer when compared with normal cells. Muller's 
original observations on the differences between normal and cancerous cells were confirmed by 
several investigators. For example, in 1860, Beale identified and described cancer cells in 
sputum. It may come as a surprise to some of the readers that as early as 1845 and 1851 , a 
German microscopist, working in Switzerland and writing in French, Hermann Lebert, used 
cell samples aspirated from patients by means of a cannula for the diagnosis of cancer. In 
1847, M. Kiin of Strasbourg, about whom little is known, described a needle with a cutting edge 
useful in securing material from subcutaneous tumors, examined as smears (Grunze and 
Spriggs, 1983; Webb, 2001). 

Virchow, often considered the father of contemporary pathology, and who was Muller's pupil, 
was a superb observer at the autopsy table and a good microscopist. He recognized and 
described the gross and microscopic features of a large number of entities, such as infarcts, 
inflammatory lesions, leukemia, and various forms of cancer. However, his views on the origin 
of human cancer were erroneous because he believed that all cancers were derived from 
connective tissue and not by transformation of normal tissues (Virchow, 1863). For this reason, 
he had difficulties in accepting the observations of two of his students and contemporaries, 

Thiersch in 1865 and Waldayer in 1867, who independently advocated the origin of 
carcinomas of the skin, breast, and uterus from transformed normal epithelium. Because 
Virchow wielded a tremendous influence in Germany, not only as a scientist but also as a 
politician (he was a Professor of Pathology in Berlin as well as a Deputy to the German 
Parliament, a socialist of sorts, who fought with the famous Chancellor, Bismarck), views that 
were in conflict with his own were often rejected, thus delaying the development of independent 
scientific thought. It took about 40 years until the confirmation of Thiersch's and Waldayer's 
concepts of the origin of carcinomas was documented by Schauenstein for the uterine cervix 
in 1908 (see Chap. 11). It took many more years until the concept of a preinvasive stage of 
invasive cancer, originally designated as carcinoma in situ by Schottlander and Kermauner 
in 1912, was generally accepted and put to a good clinical use in cancer detection and 
prevention. 

These are but a few of the early contributions that have bearing on diagnostic cytology as it is 
known today. In addition to the contributors mentioned by name, there were many other heroes 
and antiheroes who made remarkable contributions to the science of human cytology during the 
second half of the 19th century, and this brief narrative doesn't do justice to them. The 
interested reader should consult a beautifully illustrated book on the history of clinical cytology 
by Grunze and Spriggs (1983). 

Still, in spite of these remarkable developments, the widespread application of cytology to the 
diagnosis of human disease did not take place until the 1950s. Although 
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sporadic publications during the second half of the 19th century and the first half of the 20th 
century kept the idea of cytologic diagnosis alive, it was overshadowed by developments in 
histopathology. 
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THE ERA OF HISTOPATHOLOGY 

The Beginning 

Although cells teased from tissues were the main target of microscopic investigations during the 
first half of the 19th century, consistent efforts have been made to develop methods of tissue 
processing. Thus, in the 1858 edition of Beale's book, several pages are dedicated to the 
methods of hardening soft tissue samples by boiling and to the methods of preparation of 
transparent, thin sections suitable for microscopic examination with hand-held cutting 
instruments. Subsequently, various methods of tissue fixation were tried, such as chromium 
salts, alcohol, and ultimately, formalin and the manual cutting instruments were replaced by 
mechanical microtomes around 1880. Simultaneously, many methods of tissue staining were 
developed. There is excellent evidence that, by 1885, tissue embedding in wax or paraffin, 
cutting of sections with a microtome, and staining with hematoxylin and eosin were the standard 
methods in laboratories of pathology, as narrated in the history of surgical pathology at the 
Memorial Hospital for Cancer, now known as the Memorial Sloan-Kettering Cancer Center 
(Koss and Lieberman, 1997). 

Two events enhanced the significance and value of tissue pathology. One was the introduction 
of the concept of a tissue biopsy, initially proposed for diagnosis of cancer of the uterine 
cervix and endometrium by Ruge and Veit in 1877, who documented that the microscope is 
superior to clinical judgment in the diagnosis of these diseases. However, the term biopsy is 
attributable to a French dermatopathologist, Ernest Besnier, who coined it in 1879 (Nezelof, 
2000). The second event was the introduction of frozen sections, popularized by Cullen in 
1895, which allowed a rapid processing of tissues and became an essential tool in guiding 
surgeons during surgery (see also Wright, 1985). With these two tools at hand, the study of 
cells was practically abandoned for nearly a century. Next to autopsy pathology, the mainstay of 
classification of disease processes during the 18th and 19th centuries, histopathology became 
the dominant diagnostic mode of human pathology, a position that it holds until today. 
Histopathology is based on analysis of tissue patterns, which is a much simpler and 
easier task than the interpretation of smears that often requires tedious synthesis of 
the evidence dispersed on a slide. Further, histopathology is superior to cytologic samples 
in determining the relationship of various tissues to each other, for example, in identifying 
invasion of a cancer into the underlying stroma. 

Current Status 

The introduction of histopathology on a large scale led to the rapid spread of this knowledge 
throughout Europe and the Americas. The ever-increasing number of trained people working in 
leading institutions of medical learning was capable of interpretation of tissue patterns 
supplementing clinical judgment with a secure microscopic diagnosis. Further, the tissue 
techniques allowed the preparation of multiple identical samples from the same block of tissue, 
thus facilitating exchanges between and among pathologists and laying down the foundation 
of accurate classification of disease processes, staging and grading of cancers and 
systematic follow-up of patients, with similar disorders, leading to statistical behavioral 
studies of diseases of a similar type. Such studies became of critical importance in 
evaluating treatment regimens, initially by surgery or radiotherapy and, even more so, after the 
introduction of powerful antibiotics and anti-cancer drugs that were active against diseases 
previously considered hopeless. Nearly all clinical treatment protocols are based on histologic 



17/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Edl - Diagnostic Cytology- Its Origins and Principles 

assessment of target lesions. Histologic techniques were also essential in immunopathology 
that allowed the testing of multiple antibodies on samples of the same tissue. Such studies are 
difficult to accomplish with smears, which are virtually always unique. 

THE RETURN OF CYTOLOGY 

Papanicolaou and the Cytology of the Female Genital Tract 

The beginnings of the cytology of the female genital tract can be traced to the middle of the 
19th century. The microscopic appearance of cells from the vagina was illustrated by several 
early observers, including Donne and Beale, whose work was discussed above (see Fig. 1-2). 

In 1847, a Frenchman, F.A. Pouchet, published a book dedicated to the microscopic study of 
vaginal secretions during the menstrual cycle. In the closing years of the 19th century, sporadic 
descriptions and illustrations of cancer cells derived from cancer of the uterine cervix were 
published (see Chap. 11). 

However, there is no doubt whatsoever that the current resurgence of diagnostic cytology is the 
result of the achievements of Dr. George N. Papanicolaou (1883-1962), an American of 
Greek descent (Fig. 1-3). Dr. Pap, as he was generally known to his coworkers, friends, and his 
wife Mary, was an anatomist working at the Cornell University with a primary interest in 
endocrinology of the reproductive tract. Because of his interest in the menstrual cycle, he 
developed a small glass pipette that allowed him to obtain cell samples from the vagina of 
rodents. In smears, he could determine that, during the menstrual cycle, squamous cells derived 
from the vaginal epithelium of these animals followed a pattern of maturation and atrophy 
corresponding to maturation of ova. He made major contributions to the understanding of the 
hormonal mechanisms of ovulation and menstruation and is considered to be one of the 
pioneering contributors to reproductive endocrinology. 

P.7 
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However, his fame is based on an incidental observation of cancer cells in vaginal smears 
of women whose menstrual cycle he was studying. Papanicolaou had no training in pathology 
and it is, therefore, not likely that he himself identified the cells as cancerous. It is not known 
who helped Papanicolaou in the identification of cancer cells. It is probable that it was James 
Ewing who was at that time Chairman of Pathology at Cornell and who was thoroughly familiar 
with cancer cells as a consequence of his exposure to aspiration biopsies performed by the 
surgeon, Hayes Martin, at the Memorial Hospital for Cancer (see below). Papanicolaou's initial 
contribution to the subject of “New Cancer Diagnosis,” presented during an obscure meeting 
on the subject of the Betterment of the Human Race in Battle Creek, Ml, in May, 1928, failed to 
elicit any response. Only in 1939, prodded by Joseph Hinsey, the new Chairman of the 
Department of Anatomy at Cornell, had Papanicolaou started a systematic cooperation with a 
gynecologist, Herbert Traut, the Head of Gynecologic Oncology at Cornell, who provided him 
with vaginal smears on his patients. It soon became apparent that abnormal cells could be 
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found in several of these otherwise asymptomatic patients who were subsequently shown to 
harbor histologically confirmed carcinomas of the cervix and the endometrium. 

Papanicolaou and Traut's article, published in 1941 and a book published in 1943, heralded a 
new era of application of cytologic techniques to a new target: the discovery of occult cancer 
of the uterus. Papanicolaou's name became enshrined in medical history by the term Pap 
smear, now attached to the cytologic procedure for cervical cancer detection. The stain, also 
invented by Papanicolaou and bearing his name, was nearly universally adopted in processing 
cervicovaginal smears. 

Papanicolaou's name was submitted twice to the Nobel Committee in Stockholm as a candidate 
for the Nobel Award in Medicine. Unfortunately, he was not selected. As a member of the jury 
told me (LGK) many years later, the negative decision was based on the fact that Papanicolaou 
had never acknowledged previous contributions of a Romanian pathologist, Aureli Babes (Fig. 

1-4), who, working with the gynecologist C. Daniel, reported in January 1927 that cervical 
smears, obtained by means of a bacteriologic loop, fixed with methanol and stained with 
Giemsa, were an accurate and reliable method of diagnosing cancer of the uterine cervix. On 
April 11, 1928, Babes published an extensive, beautifully illustrated article on this subject in the 
French publication, Presse Medicate , which apparently had remained unknown to 
Papanicolaou. One of the highlights 
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of Babes' article was the observation that a cytologic sample may serve to recognize 
cancer of the uterine cervix before invasion. Babes' observations were confirmed only 
once, by an Italian gynecologist, Odorico Viana in 1928, whereas Papanicolaou's work 
stimulated a large number of publications and received wide publicity. Both Babes' and Viana's 
articles were translated into English by Larry Douglass (1967 and 1970). 
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Figure 1-4Aureli Babes. (Courtesy of Dr. Bernard Naylor, Ann Arbor, Ml.) 



The reason for Papanicolaou's success and Babes' failure to attract international attention 
clearly lies in the differences in geographic location (New York City vs. Bucharest) and in 
timing. If Papanicolaou's 1928 article were his only publication on the subject of cytologic 
diagnosis of cancer, he would have probably remained obscure. He had the great fortune to 
publish again in the 1940s and his ideas were slowly accepted after the end of World War II, 
with extensive help from Dr. Charles Cameron, the first Medical and Scientific Director of the 
American Cancer Society, which popularized the Pap test. A summary of these events was 
presented at a meeting of the American Cancer Society (Koss, 1993). 

The Pap Smear: The Beginning 

The value of the vaginal smear as a tool in the recognition of occult cancers of the uterine 
cervix and the endometrium was rapidly confirmed in a number of articles published in the 
1940s (Meigs et al, 1943 and 1945; Ayre, 1944; Jones et al, 1945; Fremont-Smith et al, 1947). 
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It soon became apparent that the vaginal smear was more efficient in the discovery of cervical 
rather than endometrial cancer and the focus of subsequent investigations shifted to the uterine 
cervix. In 1948, Lombard et al from Boston introduced the concept of the vaginal smear as a 
screening test for cancer of the uterine cervix. 

Because the vaginal smear was very tedious to screen and evaluate, the proposal by a 
Canadian gynecologist, J. Ernest Ayre, to supplement or replace it with a cell sample obtained 
directly from the uterine cervix under visual control was rapidly and widely accepted. In 1947, 

Ayre ingeniously proposed that a common wooden tongue depressor could be cut with scissors 
to fit the contour of the cervix, thus adding a very inexpensive tool that significantly improved 
the yield of cells in the cervical sample. Ayre's scraper or spatula, now made of plastic, has 
remained an important instrument in cervical cancer detection. 

In 1948, the American Cancer Society organized a national conference in Boston to reach a 
consensus on screening for cervical cancer. The method was enthusiastically endorsed by the 
gynecologists but met with skepticism on the part of the participating pathologists. Nonetheless, 
the first recommendations of the American Cancer Society pertaining to screening for cervical 
cancer were issued shortly thereafter. In 1950, Nieburgs and Pund published the first results 
of screening of 10,000 women for occult cancer of the cervix, reporting that unsuspected 
cancers were detected in a substantial number of screened women. This seminal article, 
followed by a number of other publications, established the Pap test as a standard health 
service procedure. Further support for the significance of the test was a series of observations 
that the smear technique was helpful in discovering precancerous lesions (initially collectively 
designated as carcinoma in situ), which could be easily treated, thus preventing the 
development of invasive cancer. 

Unfortunately, no double-blind studies of the efficacy of the cervicovaginal smear have 
ever been conducted, and it became the general assumption that the test had a very 
high specificity and sensitivity. The legal consequences of this omission became apparent 
40 years later. 

The Pap Smear From the 1950 to the 1980s 

Although the American pathologists, with a few notable exceptions (Reagan, 1951), were 
reluctant to acknowledge the value of the cervicovaginal smear, toward the end of the 1960s, 
an ever-increasing number of hospital laboratories were forced to process Pap smears at the 
request of the gynecologists. In those years, the number of pathologists trained in the 
interpretation of cytologic material was very small, and it remained so for many years. The 
responsibility for screening and, usually the interpretation of the smears, was assumed by 
cytotechnologists who, although few in number, were better trained to perform this function than 
their medical supervisors. With the support of the National Cancer Institute, several schools for 
training of cytotechnologists were established in the United States in the 1960s. These trained 
professionals played a key role in the practice of cytopathology. This time period has also seen 
the opening of several large commercial laboratories dedicated to the processing of 
cervicovaginal smears. New books, journals, and postgraduate courses offered by a number of 
professional organizations gave the pathologists an opportunity to improve their skills in this 
difficult field of diagnosis. 

Several very successful programs of cervix cancer detection were established in the United 
States and Canada, and it became quite apparent that the mortality from cancer of the uterine 
cervix could be lowered in the screened populations. As a consequence, by the end of the 

22 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Edl - Diagnostic Cytology- Its Origins and Principles 



1980s, a 70% reduction in the mortality from this disease was recorded in several 
geographic areas where mass screening was introduced. However, in none of the 
populations screened was cancer of the cervix completely irradicated. 



The Pap Smear From the 1980s to Today 

In the 1970s and early 1980s, several articles commenting on the failure of the cervicovaginal 
smear in preventing the developments of invasive cancer of the uterine cervix appeared in the 
American literature and in Sweden (Rylander, 1976; Fetherstone, 1983; Koss, 1989; summary 
in Koss and Gompel, 1999). The reports did not fully analyze the reasons for failure and were 
generally ignored. In 1987, however, an article in the Wall Street Journal by an investigative 
journalist, Walt Bogdanich, on failure of laboratories to identify cancer of the cervix in young 
women, some who were mothers of small children, elicited a great deal of attention. It prompted 
the Congress of the United States in 1988 to promulgate a law, known as the Amendment to the 
Clinical 
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Laboratory Improvement Act (CLIA 88), governing the practice of gynecologic cytology in the 
United States. The implications of the law in reference to practice of cytopathology are 
discussed elsewhere in this book (see Chap. 44). Suffice it to say, cytopathology, particularly in 
reference to cervicovaginal smears, has become the object of intense scrutiny and legal 
proceedings against pathologists and laboratories for alleged failure to interpret the smears 
correctly, casting a deep shadow on this otherwise very successful laboratory test. 



As a consequence of these events, several manufacturers have proposed changes in collection 
and processing of the cervicovaginal smears. The collection methods of cervical material in 
liquid media, followed by automated processing with resulting “monolayer” preparations, 
have been approved by the Food and Drug Administration (USA). Other manufacturers 
introduced apparatuses for automated screening of conventional smears. New sampling 
instruments were also developed and widely marketed, notably endocervical brushes. All 
these initiatives were designed to reduce the risk of errors in the screening and interpretation of 
cervicovaginal smears. These issues are discussed in Chapters 8, 11, 12, and 44. 



DEVELOPMENTS IN NONGYNECOLOGIC CYTOLOGY 

Historical Overview 

At the time of early developments in general cytology in the 19th century, summarized above, 
numerous articles were published describing the application of cytologic techniques to various 
secreta and fluids, such as sputum, urine, effusions, and even vomit for diagnostic purposes. 
These contributions have been described in detail in Grunze and Spriggs' book. The 
recognition of lung cancer cells in sputum by Beale in 1858 was mentioned above. 

As lung cancer became a serious public health dilemma in the 1930s and 1940s, in Great 
Britain, Dudgeon and Wrigley developed, in 1935, a method of “wet” processing of smears 
of fresh sputum for the diagnosis of lung cancer. The method was used by Wandall in Denmark 
in 1944 on a large numbers of patients, with excellent diagnostic results. Woolner and 
McDonald (1949) at the Mayo Clinic and Herbut and Clerf (1946) in Philadelphia also studied 
the applications of cytology to lung cancer diagnosis. In the late 1940s and early 1950s, 
Papanicolaou, with several co-workers, published a number of articles on the application of 
cytologic techniques to the diagnosis of cancer of various organs, illustrated in his Atlas. In the 
United Kingdom, urine cytology was applied by Crabbe (1952) to screening of industrial 
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workers for cancer of the bladder and gastric lavage techniques by Schade (1956) to 
screening for occult gastric cancer, a method extensively used in Japan for population 
screening. Esophageal balloon technique was applied on a large scale in China for detecting 
precursor lesions of esophageal carcinoma. Screening for oral cancer has been shown to be 
successful in discovering occult carcinomas in situ. Thus, conventional cytologic 
techniques, when judiciously applied, supplement surgical pathology in many 
situations when a tissue biopsy is either not contemplated, indicated, or not feasible. It 
needs to be stressed that cytopathology has made major contributions to the recognition of 
early stages of human cancer in many organs and, thus, contributed in a remarkable way to a 
better understanding of events in human carcinogenesis and to preventive health care. These, 
and many other applications of cytologic techniques to the diagnosis of early and advanced 
cancer and of infectious disorders of various organs, are discussed in this text. 

THE ASPIRATION BIOPSY (FNA) 

The Beginning 

Ever since syringes or equivalent instruments were introduced into the medical armamentarium, 
probably in the 15th century of our era, they were used to aspirate collections of fluids. With the 
introduction of achromatic microscopes and their industrial production in the 1830s, the 
instrument became accessible to many observers who used it to examine the aspirated 
material. It has been mentioned above that a French physician, Kiin, and a German-Swiss 
pathologist, Lebert, described, in 1847 and 1851, the use of a cannula to secure cell samples 
from palpable tumors and used the microscope to identify cancer. Sporadic use of aspirated 
samples has been described in the literature of the second half of the 19th century and in the 
first years of the 20th century. An important contribution was published in 1905 by two British 
military surgeons, Greig and Gray, working in Uganda who aspirated the swollen lymph nodes, 
by means of a needle and a syringe, of patients with sleeping sickness to identify the mobile 
trypanosoma (see Webb, 2001 for an excellent recent account of early investigators). 

In the 20th century, to my knowledge, the first aspiration biopsy diagnosis of a solid tumor of the 
skin (apparently a lymphoma) was published by Hirschfeld (1912), who was the first person to 
use a small-caliber needle. He subsequently extended his experience to other tumors, but 
was prevented by World War I from publishing his results until 1919. Several other early 
observers reported on the aspiration of lymph nodes and other accessible sites (Webb, 2001). 

The most notable development in diagnostic aspiration biopsy was a paradoxical event. James 
Ewing, the Director of the Memorial Hospital for Cancer in New York City and also a Professor 
of Pathology at Cornell University Medical School, was a dominant figure in American oncologic 
pathology between 1910 and 1940. Although Ewing has made great contributions to the 
classification and identification of human cancer, he was adamantly opposed to tissue biopsies 
because they allegedly contributed to the spread of cancer (Koss and Lieberman, 1997). 

Because of the ban on tissue biopsies, a young surgeon and radiotherapist at the Memorial 
Hospital, Hayes Martin, who refused to treat patients 
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without a preoperative diagnosis, began to aspirate palpable tumors of various organs by 
means of a large-caliber needle and a Record syringe. The material was prepared in the form 
of air-dried smears, stained with hematoxylin and eosin by Ewing's technician, Edward Ellis. 

Tissue fragments (named dots) were embedded in paraffin and processed as cell blocks. 
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Palpable lesions of lymph nodes, breast, and thyroid were the initial targets of aspiration. The 
material was interpreted by Ewing's associate and subsequent successor (and my Chief-LGK), 

Dr. Fred W. Stewart. In response to a specific query, the reasons for this development were 
explained many years later in a letter dated June 30, 1980, written by Dr. Fred W. Stewart to 
this writer. 

Martin and Ewing were at sword's point on the need for biopsy proof prior to aggressive surgery 
or radiation (in neck nodes since Hayes Martin dealt exclusively in head and neck stuff) and the 
needle was a sort of compromise. Ewing thought biopsy hazardous — a method of disease 
spread. The material was seen mostly by me (FWS). Ewing, at the time, was quite inactive. 

Eddie Ellis merely fixed and stained the slides. He probably looked at them — he was used to 
looking at stuff with Ewing and really knew more about diagnoses than a lot of pathologists of 
the period. The needle really spread from neck nodes to the various other regions, especially to 
the breast, of course. 

The method proved to be very successful and accurate with very few errors or clinical 
complications. Martin and Ellis published their initial results in 1930 and 1934. In 1933, Dr. Fred 
W. Stewart published a classic article, “The Diagnosis of Tumors by Aspiration,” in which he 
discussed, at length, the pros and cons of this method of diagnosis, its achievements, and 
pitfalls, based on experience with several hundred samples. As Stewart himself stated in a letter 
(to LGK), he was “damned by many for having advocated this insecure and potentially harmful 
method of diagnosis, without a shred of proof.” For a detailed description of these events, see 
Koss and Lieberman (1997). In fact, the method of aspiration pioneered by Martin has remained 
a standard diagnostic procedure at Memorial Sloan-Kettering Cancer Center until today (2004), 
the only institution in the world where the procedure has remained in constant use for more 
than 75 years. There is no evidence that the Memorial style aspiration smear was practiced on 
a large scale anywhere else in the world. The method was described and illustrated by John 
Godwin (1956) and again in the first edition of this book (1961) by John Berg, but has met with 
total indifference in the United States. 

In Europe, on the other hand, the interest in the method persisted. Thus, in the 1940s, two 
internists, Paul Lopes-Cardozo in Holland and Nils Soderstrom in Sweden, experimented on 
a large scale with this system of diagnosis, using small-caliber needles and hematologic 
techniques to process the smears. Lopes-Cardozo and Soderstrom subsequently published 
books on the subject of thin-needle aspiration. Although both books were published in English, 
they had virtually no impact on the American diagnostic scene, but were widely read in Europe. 

Current Status 

Working at the Radiumhemmet, the Stockholm Cancer Center, the radiotherapist-oncologist, 

Sixten Franzen, and his student and colleague, Josef Zajicek, applied the thinneedle 
technique first to the prostate and, subsequently, to a broad variety of targets, ranging from 
lesions of salivary glands to the skeleton. Franzen et al (1960) described a syringe (initially 
developed for the diagnosis of prostatic carcinoma) that allowed performance of the aspiration 
with one hand, whereas the other hand steadied the target lesion (see Chap. 28). As 
nonpathologists, these observers used air-dried smears, stained with hematologic stains. In the 
1970s, special aspiration biopsy clinics were established in Stockholm and elsewhere in 
Sweden to which patients with palpable lesions were referred for diagnosis. The technique 
soon became an acceptable substitute for tissue biopsies. An extensive bibliography, generated 
by the Swedish group, supported the value and accuracy of the procedure (Zajicek, 1974, 
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1979; Esposti et al, 1968; Lowhagen and Willems, 1981). 

It can be debated why the aspiration biopsy flourished in Sweden, whereas initially it was 
unequivocally rejected in the United States (see Fox, 1979). This writer believes that the 
Swedish success was caused, in part, by inadequate services in biopsy pathology because, by 
tradition, in the academic Departments of Pathology (that are the mainstay of Swedish 
pathology), research took precedence over services to patients, a situation quite different from 
that in the United States (see exchange of correspondence between Koss, 1980, and 
Soderstrom, 1980). Afurther reason for the Swedish success was the government-sponsored 
health system, based on salaries, which offered no monetary rewards to surgeons and other 
clinicians for the performance of biopsies. Therefore, the creation of aspiration diagnostic 
centers offering credible and rapid diagnoses was greeted with enthusiasm. This is yet another 
major point of difference with the situation in the United States, where surgeons (and 
sometimes other specialists) feel financially threatened if the biopsies are performed by people 
encroaching on their “turf.” 

Although the Swedish authors published in English and also contributed to this book (editions 2, 

3, and 4), the impact of thin-needle aspiration techniques on the American scene initially has 
been trivial and confined to a few institutions and individuals. The radical change in attitude and 
the acceptance of the cytologic aspirates in the United States may be due to several factors. 

Broad acceptance of exfoliative cytologic techniques (Pap smears) for detection and diagnosis 
of cervix cancer, subsequently extended to many other organs, clearly played a major role in 
these developments. The introduction of new imaging techniques, such as imaging with 
contrast media, computed tomography, and ultrasound, not only contributed to improved 
visualization of organs but also to roentgenologists' ability to perform a number of 
diagnostic procedures by aspiration of visualized lesions, hitherto in the domain of 
surgeons (Ferucci, 1981; Zornoza, 1981; Kamholzetal, 1982). After timid beginnings in the 
early 1970s, documenting 
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that the use of a thin needle was an essentially harmless and diagnostically beneficial 
procedure, a new era of diagnosis began which initially forced the pathologists to accept the 
cytologic sample as clinically valid and important. In those days, most pathologists had to 
struggle to interpret such samples. Thus, once again, the pathologists were forced into an area 
of morphologic diagnosis for which they were not prepared by training or experience. 

The current enthusiasm for this method in the United States is surely related to the Swedish 
experience that insisted that the interpreter of the smears (i.e., the cytopathologist) 
should also be the person obtaining cell samples of palpable lesions directly from 
patients. In fact, many of the leaders in this field were trained in Sweden, particularly by the 
late Dr. Torsten Lowhagen. This was the exact opposite of the situation in the 1960s, when 
Swedish observers repeatedly visited the Memorial Hospital for Cancer in New York City to 
learn the secrets of the aspiration biopsy. Nowadays, by performing the procedure and by 
interpreting its results, the pathologists assume an important role in patient care. Without much 
doubt, aspiration cytology has become an elixir of youth for American pathology, 
making those who practice it into clinicians dealing with patients, not unlike the pioneers of 
pathology in the 19th century. 

At the time of this writing (2004), biopsy by aspiration, also known as thin- or fine-needle 
aspiration biopsy (FNA), has become an important diagnostic technique, sometimes replacing 
but often complementing tissue pathology in many clinical situations. The targets of the 

26 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Edl - Diagnostic Cytology- Its Origins and Principles 

aspiration biopsy now encompassed virtually all organs of the human body, as discussed 
in Chapter 28 and subsequent chapters. Within recent years, numerous books, many lavishly 
illustrated, have been published on various aspects of aspiration cytology. With a few 
exceptions, these books do not address the key issue of the aspiration biopsy: it is a form of 
surgical pathology, practiced on cytologic samples (Koss, 1988). Only those who have 
expertise in tissue pathology are fully qualified to interpret the aspirated samples without 
endangering the patient. These aspects of aspiration cytology are discussed in Chapter 28. 




Figure 1-5 Exfoliative cytology. A schematic representation of the cross section of the 
vagina, uterine cervix, and the lower segment of the endometrial cavity. Cells 
desquamating from the epithelial lining of the various organs indicated in the drawing 
accumulate in the posterior vaginal fornix. Thus, material aspirated from the vaginal fornix 
will contain cells derived from the vagina, cervix, endometrium, and sometimes fallopian 
tube, ovary, and peritoneum. Common components of vaginal smears include inflammatory 
cells, bacteria, fungi, and parasites such as Trichomonas vaginalis (see Fig. 1-2). Red 
indicates squamous epithelium, blue represents endocervical epithelium, and green is 
endometrium. 



CYTOLOGIC SAMPLING TECHNIQUES 

Diagnostic cytology is based on four basic sampling techniques: 

■ Collection of exfoliated cells 

■ Collection of cells removed by brushing or similar abrasive techniques 

■ Aspiration biopsy (FNA) or removal of cells from palpable or deeply seated lesions 
by means of a needle, with or without a syringe. Aspiration biopsy (FNA) procedures 
are described in Chapter 19 for lung and pleura and Chapter 28 and subsequent 
chapters for all other organs. 

■ Intraoperative cytology (see below) 

Exfoliative Cytology 

Exfoliative cytology is based on spontaneous shedding of cells derived from the lining of an 
organ into a body cavity, whence they can be removed by nonabrasive means. Shedding of 
cells is a phenomenon based on constant renewal of an organ's epithelial lining. Within the 
sample, the age of these cells cannot be determined: some cells may have been shed recently, 
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others may have been shed days or even weeks before. Atypical example is the vaginal 
smear prepared from cells removed from the posterior fornix of the vagina. The cells that 
accumulate in the vaginal fornix are derived from several sources: the squamous epithelium that 
lines the vagina and the vaginal portio of the uterine cervix, the epithelial lining of the 
endocervical canal, and other sources such as the endometrium, tube, the peritoneum, and 
even more distant sites (Fig. 1-5). These cells accumulate in the mucoid material and other 
secretions from the uterus and the vagina. The vaginal smears often contain leukocytes and 
macrophages that may accumulate in response to an inflammatory process, and a variety of 
microorganisms such as bacteria, fungi, viruses, and parasites that may inhabit the lower 
genital tract. 

Another example of exfoliative cytology is the sputum. The sputum is a collection of mucoid 
material that contains cells derived from the buccal cavity, the pharynx, larynx, 
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and trachea, the bronchial tree and the pulmonary alveoli, as well as inflammatory cells, 
microorganisms, foreign material, etc. The same principle applies to voided urine and to a 
variety of body fluids (effusions). The principal targets of exfoliative cytology are listed in 
Table 1-1. 

It is evident from these examples that a cytologic sample based on the principle of exfoliated 
cytology will be characterized by a great variety of cell types, derived from several sources. An 
important feature of exfoliative cytology is the poor preservation of some types of cells. 

Depending on type and origin, some cells, such as squamous cells, may remain relatively well 
preserved and resist deterioration, whereas other cells, such as glandular cells or leukocytes, 
may deteriorate and their morphologic features may be distorted, unless fixed rapidly. In 
addition, spontaneous cleansing processes that naturally occur in body cavities may take their 
toll. Most cleansing functions are vested in families of cells known as macrophages or 
histiocytes and leukocytes. These cells may either phagocytize the deteriorating cells or 
destroy them with specific enzymes (see Chap. 5). A summary of principal features of exfoliative 
cytology is shown in Table 1-2. The exfoliated material is usually examined in smears, filters, 
and cell blocks or by one of the newer techniques of preservation in liquid media and machine 
processing (see below). 

Abrasive Cytology 

In the late 1940s and 1950s, several new methods of securing cytologic material from various 
body sites were developed. The purpose of these procedures was to enrich the sample with 
cells obtained directly from the surface of the target organ. The cervical scraper or spatula, 
introduced by Ayre in 1947, allowed a direct sampling of cells from the squamous epithelium of 
the uterine cervix and the adjacent endocervical canal (Fig. 1-6). Agastric balloon with an 
abrasive surface, developed by Panico et al (1950), led to the development of devices known 
as esophageal balloons, extensively used in China for the detection of occult carcinoma of 
the esophagus in high-risk areas (see Chap. 24). A number of brushing instruments, suitable 
for sampling 
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various organs, were also developed (see below). Several such instruments were developed for 
the sampling of the uterine cervix (see Fig. 8-45). 



TABLE 1-1 PRINCIPAL TARGETS OF EXFOLIATIVE CYTOLOGY 
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Target Organ 


* 

Techniques 


Principal Lesions 
To Be Identified 


Incidental Benefits 


Female 
genital tract 


Smear of material 
from the vaginal 
pool obtained by 
pipette or a dull 
instrument. Fixation 
in alcohol or by 
spray fixative. 


Precancerous 
lesions and 
cancer of the 
vagina, uterine 
cervix, 

endometrium, 
rarely fallopian 
tubes, ovaries 


Identification of 
infectious agents, 
such as bacteria, 
viruses, fungi, or 
parasites (Chapters 8, 
9, 10, 11, 12, 13, 14, 
15, 16, 17 and 18) 


Respiratory 

tract 


Sputum: either 
fresh or collected in 
fixative (smears and 
cell blocks) 


Precancerous 
states mainly 
carcinoma in situ 
and lung cancers 


Identification of 
infectious agents, 
such as bacteria, 
viruses, fungi, or 
parasites (Chapters 19 
and 20) 


Urinary tract 


Voided urine; fresh 
or collected in 
fixative (smears and 
cytocentrifuge 
preparations) 


Precancerous 
states, mainly flat 
carcinoma in situ 
and high grade 
cancers 


Identification of viral 
infections and effect of 
drugs (Chapters 22 
and 23) 


Effusions 
(pleural, 
peritoneal, or 
pericardial) 


Collection of fluid: 
fresh or in fixative 
(smears and cell 
blocks) 


Metastatic cancer 
and primary 
mesotheliomas 


(Chapters 25 and 26) 


Other fluids 
(cerebrospinal 
fluid, synovial 
fluid, etc.) 


Collection in fixative 

Cytocentrifuge 

preparations 


Differential 
diagnosis 
between 
inflammatory 
processes and 
metastatic cancer 


Identification of 
infectious agents 
(viruses, fungi) 
(Chapter 27) 


•k 

For further details of sample collection see this and other appropriate chapters. For 
further technical details, see Chapter 44. 



TABLE 1-2 PRINCIPAL FEATURES OF EXFOLIATIVE CYTOLOGY 
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• The technique is applicable to organs with easy clinical access whence the samples 
can be obtained. 

• The samples often contain a great variety of cells of various types from many 
different sources. 

• The cellular constituents are sometimes poorly preserved. 

• The samples may contain inflammatory cells, macrophages, microorganisms, and 
material of extraneous origin. 

• The signal advantage of exfoliative cytology is the facility with which multiple 
samples can be obtained. 



Sagittal view Frontal view 



Figure 1-6 Method of obtaining an abrasive sample (scraping) from the uterine 
cervix by means of Ay re's scraper. Red indicates squamous epithelium and blue 
indicates endocervical mucosa. 



Endoscopic Instruments 

The developments in optics led to the introduction of rigid endoscopic instruments for the 
inspection of hollow organs in the 1930s and 1940s. Bronchoscopy, esophagoscopy, and 
sigmoidoscopy were some of the widely used procedures. In the 1960s, new methods of 
endoscopy were developed based upon transmission of light along flexible glass fibers. This 
development led to the construction of flexible, fiberoptic instruments permitting visual 
inspection of viscera of small caliber or complex configuration, such as the secondary bronchi 
or the distal parts of the colon, previously not accessible to rigid instruments. The fiberoptic 
instruments are provided with small brushes, biopsy forceps, or needles that permitted a very 
precise removal of cytologic samples or small biopsies. 

The introduction of fiberoptic instruments revolutionized the cytologic sampling of organs 
of the respiratory and gastrointestinal tracts and, to a lesser extent, the urinary tract. The 
brushes could be used under direct visual control for sampling of specific lesions or areas that 
were either suspect or showed only slight abnormalities (Fig 1-7). The method became of major 
importance in the search for early cancer of the bronchi (including carcinoma in situ) and of 




endocervical 

canal 




external os 



direction of 
scrape 
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superficial cancer of the esophagus and stomach (see Chaps. 20 and 24). Transbronchial 
aspiration biopsies of submucosal lesions could also be performed. The introduction of 
fiberoptic sigmoidoscopes and colonoscopes contributed to a better assessment of 
abnormalities that were either detected by roentgenologic examination or were unsuspected. 

Colonic brush cytology proved to be useful in searching for recurrences of treated carcinoma or 
in the search for early carcinoma in patients with ulcerative colitis (see Chap. 24). 




Figure 1-7 Bronchial brushing under fiberoptic control. Method of securing a brush 
sample from bronchus. Blue indicates bronchial epithelium. 



The cytologic samples obtained by brushings, with or without fiberoptic guidance, 
differ markedly from exfoliated samples. The cells are removed directly from the tissue of 
origin and, thus, do not show the changes caused by degeneration or necrosis. Inflammatory 
cells, if present, are derived from the lesion itself and are not the result of a secondary 
inflammatory event. The sample is usually scanty and careful technical preparation is required 
to preserve the cellular material. The methods of smear preparation are described in Chapters 
8 and 44. 



Since fiberoptic instruments can also be used for tissue biopsies of lesions that can be 
visualized, one must justifiably ask why cytologic techniques are even used. Experience has 
shown, however, that brush specimens result in sampling of a wider area than biopsies. This is 
occasionally of clinical value, particularly in the absence of a specific lesion. Brushing and 
aspiration techniques also allow the sampling of submucosal lesions. A summary of the 
principal features of abrasive cytology is shown in Table 1-3. 



Washing or Lavage Techniques 

Washing techniques were initially developed as a direct offshoot of rigid endoscopic 
instruments. On the assumption that cells could be removed from their setting and collected in 
lavage fluid from lesions not accessible or not visible to the endoscopist, small amounts of 
normal saline or a similar solution were instilled into the target organ under visual control, 
aspirated, and collected in a small container. A pioneering effort by Herbut and Clerf in 
Philadelphia (1946) 
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defined the technique of bronchial washings for the diagnosis of lung cancer. The esophagus, 
colon, bladder, and occasionally other organs were also sampled in a similar fashion (see 
corresponding chapters). 
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TABLE 1-3 PRINCIPAL FEATURES OF ABRASIVE CYTOLOGY 

• The method allows direct sampling of specific targets, such as the surface of the 
uterine cervix or a bronchus. 

• With the use of fiberoptic instruments direct samples of accessible internal organs 
may be secured. 

• The cells obtained by abrasive techniques are derived directly from the tissue and 
thus are better preserved than exfoliated cells and require different criteria for 
interpretation. 

• Subepithelial lesions may be sampled by brushing or aspiration techniques. 

• Care must be exercised to obtain technically optimal preparations. 



With the development of flexible fiberoptic instruments, brushings largely replaced the washing 
techniques. However, several new lavage techniques were developed. The three principal 
techniques are the peritoneal lavage (described in Chap. 16), bronchoalveolar lavage 
(described in Chap. 19), and lavage or barbotage of the urinary bladder (described in 
Chaps. 22 and 23). 

Because relatively large amounts of fluid are collected during these procedures, the samples 
cannot be processed by a direct smear technique. The cells have to be concentrated by 
centrifugation, filtering, or cell block techniques described in Chapter 44. 

The principal targets of abrasive cytology, washings, and lavage are shown in Table 1-4. 

Body Fluids 

The cytologic study of body fluids is one of the oldest applications of cytologic techniques, first 
investigated in the latter half of the 19th century. The purpose is to determine the cause of fluid 
accumulation in body cavities, such as the pleura, pericardium (effusions), and the abdominal 
cavity (ascitic fluid). Primary or metastatic cancer and many infectious processes can be so 
identified (see Chaps. 25 and 26). 

Other applications of this technique pertain to cerebrospinal fluid and other miscellaneous 
fluids, described in Chapter 27. The cell content of the fluid samples must be concentrated by 
centrifugation, sedimentation, or filtration as described in Chapter 44. The material is processed 
as smears, filter preparations, or cell block techniques. 

Aspiration Cytology (FNA) 

The technical principles of aspiration cytology are discussed in Chapter 28. The technique of 
aspiration of the lung and mediastinum is discussed in Chapters 19 and 20. Organ-specific 
features are described in appropriate chapters. The principal features of the technique are 
summarized in Table 1-5. 

Intraoperative Cytology 

Intraoperative consultations by frozen sections are a very important aspect of practice in 
surgical pathology that is often guiding the surgeon's hand. Supplementing or replacing frozen 
sections by cytologic touch, scrape, or crush preparations has been in use in 
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neuropathology for many years (Eisenhardt and Cushing, 1930; McMenemey, 1960; Roessler 
et al, 2002) (see Chap. 42) and more recently has been receiving increased attention in other 
areas of pathology as well (summary in Silverberg, 1995). 

Methods 

The smears are prepared by forcefully pressing a clean glass slide to the cut surface of the 
tissue. Good smears may also be obtained by scraping the cut surface of the biopsy with a 
small clean scalpel and preparing a smear(s) from the removed material. Crushing small 
fragments of tissue between two slides and pulling them apart is particularly useful in assessing 
lesions of the central nervous system where obtaining large tissue samples for frozen sections 
may be technically difficult, but may also be applied to other organs. 

As with aspiration biopsy samples, the smears may be air-dried and stained with a rapid 
hematologic stain or fixed and stained with either Papanicolaou or hematoxylin and eosin, 
depending on the preference and experience of the pathologist. These techniques are 
described in greater detail in Chapters 28 and 44. 

Applications 

Intraoperative cytology is applicable to all organs and tissues. As examples, biopsies of the 
breast (Esteban et al, 1987), parathyroid (Sasano et al, 1988), uterine cervix (Anaastasiadis et 
al, 2002), and many other tissue targets (Oneson et al, 1989) may be studied. Recently, several 
communications evaluated the results of cytologic evaluation of sentinel lymph nodes in 
breast cancer (Viale et al, 1999; Llatjos et al, 2002; Creager et al, 2002a) and malignant 
melanoma (Creager et al, 2002b). 

Advantages and Disadvantages 

When compared with a frozen section, the smears are much easier, faster, and cheaper to 
prepare. Thus, the principal value of intraoperative cytology is a rapid diagnosis. 

Intraoperative cytology is of special value if the tissue sample is very small and brittle (as 
biopsies of the central nervous system) but sometimes of other organs, such as the pancreas, 
that are not suitable for freezing and cutting (Kontozoglou and Cramer, 1991; Scucchi et al, 

1997; Blumenfeld et al, 1998). 

The interpretation of smears is identical to that of material obtained by aspiration biopsy, 
discussed in appropriate chapters. As is true with other cytologic preparations, the 
interpretation of intraoperative smears requires training and experience. However, even in 
experienced hands, a correct diagnosis may be difficult or impossible if the target tissue 
contains only very small foci of cancer, which can only be identified by special techniques such 
as immunocytochemistry, as is the case in some sentinel lymph nodes. 
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TABLE 1-4 PRINCIPAL TARGETS OF ABRASIVE CYTOLOGY WASHINGS AND 

LAVAGE TECHNIQUES 

Principal Lesions 

* 

Target Organ Technique to Be Identified Incidental Benefits 
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Female Genital 
Tract 



Uterine cervix, 
vagina, vulva, 
endometrium 


Scrape or 
brush; smear 
with immediate 
fixation in 
alcohol or spray 
fixative 


Precancerous 
states and early, 
cancer and their 
differential 
diagnosis 


Cancerous processes 
in other organs or the 
female genital tract 
may be identified 
(ovary, tube); 
identification of 
infectious processes 
(Chapters 12, 14, and 
16) 


Peritoneal fluid 
collection and 
washings 


Fluid sample: 
collect in 
fixative 


Residual or 
recurrent cancer 
of ovary, tube, 
endometrium, or 
cervix 


(Chapter 16) 


Respiratory 

Tract 


Bronchial 
brushing; 
bronchial 
washings and 
lavage; 

bronchoalveolar 

lavage 


Identification of 
precancerous 
states, lung 
cancer, and 
infections 


Recognition of 
infectious agents; 
chemical and 
immunologic analysis 
of fluids in chronic 
fibrosing lung disease 
(Chapters 19 and 20) 


Buccal Cavity 
and Adjacent 
Organs 


Direct scrape 
smear; fixation 
as above 


Identification of 
precancerous 
states and 
cancer 


(Chapter 21) 


Urinary Tract 


Bladder 
washings or 
barbotage; 
processed fresh 
or fixed 


Identification of 
carcinoma in situ 
and related 
lesions 


Monitoring of effect of 
treatment; DNA 
analysis by flow 
cytometry or image 
analysis (Chapter 23) 
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Gastrointestinal 








Tract 








Esophagus 


Brush or 


Identification of 






balloon smears; 


precancerous 






fixation as 


states (mainly 






above 


carcinoma in situ 
and dysplasia), 
early cancer, or 
recurrent cancer 
after treatment 


> 


Stomach 


Brush, rarely 
balloon; 

smears, fixation 
as above 




(Chapter 24) 


Colon 


Brush; smears, 


Monitoring of 






fixation as 


ulcerative colitis 






above 






Bile ducts and 


Aspiration of 


Diagnosis of 




pancreas 


pancreatic juice 


cancer of the 






(essentially 


biliary tree and 






obsolete); 

brushing 


pancreas 




•k 

Techniques of collection of cell samples in liquid media and processing by specially 


constructed machines or apparatuses are described in Chapter 44. 
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TABLE 1-5 PRINCIPAL FEATURES OF THIN-NEEDLE ASPIRATION BIOPSY 

• Impeccable aspiration and sample preparation techniques are required for optimal 

* 

results. 

• Virtually any organ in the body can be sampled using either palpation or imaging 
techniques. 

• Thorough knowledge of surgical pathology is required for the interpretation of the 
sample. 

• The technique is well tolerated, easily adaptable as an outpatient procedure, rapid, 
and cost-effective. 
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See Ljung et al., 2001, and Chapter 28. 



By nearly unanimous consensus of the authors of numerous articles on this topic, false- 
positive cancer diagnoses are very rare in experienced hands (specificity approaches 
100%), but failures to recognize a malignant tumor are not uncommon. The sensitivity 

and overall accuracy of the method are approximately 80% to 85%. 

Clearly, in many cases of cancer, the intraoperative cytology will obviate the need for frozen 
sections and will replace frozen sections in special situations. 

Application of Cytologic Techniques at the Autopsy Table 

It is gratifying that several observers proposed the use of cytologic techniques at the 
autopsy table, as first described by Suen et al in 1976. The technique, based on touch 
preparations or needle aspiration of visible lesions, offers the option of a rapid preliminary 
diagnosis that may be of value to the clinicians and pathologists. Further, this approach is an 
excellent teaching tool of value in training house officers in cytology. Ample evidence has 
been provided that this simple and economical technique should be extensively used (Walker 
and Going, 1994; Survarna and Start, 1995; Cina and Smialek, 1997; Dada and Ansari, 1997). 

TELECYTOLOGY 

New developments in microscopy, image analysis, and image transmission by microwaves, 
telephone, or the Internet have generated the possibility of exchange of microscopic material 
among laboratories and the option of consultations with a distant colleague. The concept was 
applied to histopathology (summary in Weinstein et al, 1996, 1997) and expanded to cytology 
(Raab et al, 1996; Briscoe et al, 2000; Allen et al, 2001; Alii et al, 2001). 

As a consultation system, the method is particularly appealing for solo practitioners in remote 
areas who can benefit from another opinion offered by a large medical center in difficult cases. 
On an experimental basis, the system was applied to cervicovaginal smears (Raab et al, 1996), 
breast aspirates (Briscoe et al, 2000), and a variety of other types of specimens (Allen et al, 
2001 ). 

The accuracy of the system in reference to cervicovaginal smears was tested by Alii et al 
(2001) comparing the diagnoses established by several pathologists on glass slides and digital 
images. The diagnostic agreement in this study was low to moderate, although the levels of 
disagreement were relatively slight. Discrepancies were also reported in reference to other 
types of material (Allen et al, 2001). 

Although theoretically very appealing and possibly useful in select situations such as the 
diagnosis of breast cancer in a patient in the Antarctica, cut off from access to medical facilities 
for 6 months a year, there are significant problems with telecytology. A smear contains 
thousands of images that should be reviewed before reaching a diagnostic verdict. Transmitting 
and receiving this large number of images is time consuming at both ends. Finding a suitable 
consultant who would be willing and able to spend hours reviewing microscopic images on a 
television screen would not be practical as a daily duty. Reservations about the use of 
preselected fields of view in diagnostic telecytology were also expressed by Mairinger and 
Geschwendter (1997). 

On the other hand, telecytology as a teaching tool has already achieved much success and 
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will continue to be a desirable addition to any teaching system. 

THE ROLE OF CLINICIANS IN SECURING CYTOLOGIC SAMPLES 

The quality of the cytologic diagnosis depends in equal measure on the excellence of the 
clinical procedure used to secure the sample, the laboratory procedures used to process the 
sample, and the skills and experience of the interpreter. The clinical procedures used to 
secure cytologic samples from various body sites and organ systems are discussed in 
appropriate chapters. The success and failure of the method often calls for close collaboration 
between the clinician and the cytopathologist. Experience and training cannot be described 
in these pages except for outlining of a few basic principles: 

■ Familiarity with diagnostic options available for the specific organ or organ system; 

■ Securing in advance all instruments and materials needed for the procedure; 

■ If necessary or in doubt, a discussion between and among colleagues to determine 
the optimal procedure, which may be of benefit to the patient. 

The choice of methods depends on the type of information needed. Cancer detection 
procedures, for example, 
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those used for detecting precursor lesions of carcinoma of the uterine cervix, have a different 
goal than diagnostic procedures required to establish the identity of a known lesion. 

The issue of turf, that is, who is best qualified to perform the procedure, is often dictated by 
clinical circumstances. Askilled endoscopist or interventional radiologist cannot be 
replaced and must be thoroughly familiar with the optimal technique of securing diagnostic 
material. In many ways, the diagnostic cytologic sample is similar to a biopsy where the 
territories are well defined, that is, the clinician obtaining the sample for the pathologist to 
interpret. However, in diagnostic cytology, there are gray areas, such as the needle aspiration 
of palpable lesions (FNA), where special skills must be applied for the optimal benefit to the 
patient. In such situations, optimal training and experience should prevail (see Chap. 28). 

In general, material for cytologic examination is obtained either as direct smears, prepared by 
the examining physician, gynecologist, surgeon, trained cytopathologist, or paramedical 
personnel from instruments used to secure the samples at the time of the clinical examination, 
or as fluid specimens, that are forwarded to the laboratory for further processing. Regardless 
of the method used, it is essential for the clinician to provide accurate clinical and 
laboratory data that are often extremely important in the interpretation of the material. 

Of the two procedures, the preparation of smears is by far the more difficult. 

Preparation of Smears 

Smears can be prepared from material obtained directly from target organs by means of 
simple instruments (e.g., the uterine cervix) or from brushes used to sample hollow organs 
(e.g., the bronchi or organs of the gastrointestinal tract). For most diagnostic purposes, well- 
prepared, well-fixed, and stained smears are easier to interpret than air-dried smears, 
which have different microscopic characteristics, unless the observer is trained in the 
interpretation of this type of material. Still, many practitioners of aspiration biopsies 
(FNAs), particularly those who follow the Swedish school, favor air-dried smears fixed in 
methanol and stained with hematologic stains (see Chap. 28). In this book, every effort has 
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been made to present the cytologic observations based on the two methods side-by-side. 

It is important to place as much as possible of the material obtained on the slide and to prepare 
a thin, uniform smear. Thick smears with overlapping cell layers are difficult or impossible to 
interpret. Considerable skill and practice are required to prepare excellent smears by a single, 
swift motion without loss of material or air drying. 

Preparation of smears from small brushes used by endoscopists to investigate hollow 
organs may be particularly difficult. A circular motion of the brush on the surface of the 
slide, while rotating the brush, may result in an adequate smear. Too much pressure on the 
brush may result in crushing of material. If the person obtaining diagnostic material is not 
familiar with the technical requirements of smear preparation, competent help must be secured 
in advance. If none is available, the brushes can be put into liquid fixative and forwarded to 
the laboratory for smear preparation. 

Except in situations in which the preparation of air-dried material is desirable (see 
above and Chap. 28), immediate fixation of material facilitates correct interpretations. 

Two types of fixatives are commonly used: fluid fixatives and spray fixatives. Both are 
described in detail in appropriate chapters and summarized in Chapter 44. 

In addition to the customary commonly available fixatives, such as 95% alcohol, new 
commercial fixatives have become available. One such fixative is CytoRich Red 

(TriPath Corp., Burlington, NC) that has found many uses in the preparation of various types of 
smears. This fixative preserves cells of diagnostic value while lysing erythrocytes (see Chaps. 

13 and 44 for further discussion of this fixative). In general fixation of smears, 15 minutes is 
more than adequate to provide optimal results. Errors of patient identification or 
occurrence of “floaters,” or free-floating cells, may cause serious diagnostic mishaps. 

If automated processing of a cytologic sample is desired, the commercial companies provide 
vials with fixatives accommodating collection devices or cell samples. For further discussion of 
these options, see Chapters 8 and 44. 

Spray fixatives provide another option. Their makeup and mode of use are described in detail 
in Chapter 44. When correctly used, spray fixatives protect the smears from drying by forming 
an invisible film on the surface of the slides. If spray fixatives are selected (and they usually are 
easier to handle than liquid fixatives), they should be applied immediately after the process of 
smear preparation has been completed. The use of spray fixative requires some manual 
dexterity, described in detail in the appendix to Chapter 8. 

Collection of Fluid Specimens 

Fluid specimens may be obtained from a variety of body sites, such as the respiratory tract, 
gastrointestinal tract, urinary tract, or effusions, and the clinical procedures used in their 
collection are described below. As is discussed in detail in Chapter 44, unless the laboratory 
has the facilities for immediate processing of fluid specimens, it is advisable either to 
collect such specimens in bottles with fixative prepared in advance or to add the 
fixative shortly after collection. The common fixative of nearly universal applicability 
to fluids is 50% ethanol or a fixative containing 2% carbowax in 50% ethanol (see Chap. 

44). It is sometimes advisable to collect bloody fluids with the addition of anticoagulants, such 
as heparin. Ether-containing fixatives should never be added to fluids. 

The volume of the fluid rarely need be larger than 100 ml. Screw cap bottles of 250-ml content, 
containing 50 ml of fixative, are suitable for most specimens. Generally, the volume of the 
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fixative should be the same or slightly in excess of the volume of the fluid to be studied. The 

fluids 
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may be processed either as smears or cell blocks. The methods of preparation are 
described in Chapter 44. 

BASIC PRINCIPLES OF THE INTERPRETATION AND REPORTING OF 
CYTOLOGIC SAMPLES 

Diagnostic cytology is the art and science of the interpretation of cells from the human body 
that either exfoliate (desquamate) freely from the epithelial surfaces or are removed from tissue 
sources by various procedures, summarized above. The cytologic diagnosis, which is often 
more difficult than histologic diagnosis, must be based on a synthesis of the entire 
evidence available, rather than on changes in individual cells. If the cytologic material is 
adequate and the evidence is complete, a definitive diagnosis should be given. 

Clinical data are as indispensable in cytologic diagnosis as they are in histologic diagnosis. 
Definitive cytologic diagnosis must be supported by all the clinical evidence available. Of the 
greatest possible importance in maintaining satisfactory results in diagnostic cytology is the 
uniformity of the technical methods employed in each laboratory. The cytologic 
diagnoses are frequently based on minute alterations of cytoplasmic and nuclear structure. 

These alterations may not be very significant, per se, unless one can be sure that variations 
due to the technique employed can be safely eliminated. However, as in any laboratory 
procedure, situations may arise in which the evidence is too scanty for an opinion, and 
this fact must be reported appropriately. The imposition of rigid reporting systems, such as 
the Bethesda system for reporting cervicovaginal material, summarized in Chapter 11, and 
found to be of value in securing epidemiologic or research data, may sometimes deprive the 
pathologist of diagnostic flexibility. These issues are discussed at length in reference to all 
organs and organ systems. 

Before attempting the cytologic diagnosis of pathologic states, it is very important to acquire a 
thorough knowledge of normal cells originating from a given source. “Normal” includes 
variations in morphology caused by physiologic changes that depend on the organ of origin. 

Moreover, the cells may show a variety of morphologic changes that, in the absence of cancer, 
may result in substantial cellular abnormalities. Among these, one should mention primarily 
inflammatory processes of various types; proliferative, metaplastic, degenerative, and 
benign neoplastic processes; and, finally, iatrogenic alterations that occasionally may 
create a truly malicious confederacy of cellular changes set on misleading the examiner. 

The understanding of the basic principles of cell structure and function, although perhaps not 
absolutely essential in the interpretation of light microscopic images, nevertheless adds a major 
dimension to the understanding of morphologic cell changes in health and disease. 

Furthermore, basic sciences have already been of value in the diagnosis of human disease. 

For these reasons, in the initial chapters of this book, there is a reasonably concise summary of 
some of the basic knowledge of cells and tissues. 

QUALITY CONTROL 

Much has been said lately about quality control in cytology. On the assumption that this 
branch of human pathology is practiced with the skill and technical expertise similar to that 
observed elsewhere in medicine today, the best quality control is generated by the follow- 
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up of patients. Constant referral to tissue evidence and the clinical course of the disease and, 
if death intervenes, to the postmortem findings, are the only ways to secure one's knowledge. It 
is a pity that currently there is a pervasive tendency to regard a postmortem examination as a 
tedious and generally wasteful exercise. There is abundant evidence that, in spite of enormous 
technical progress, the autopsy still provides evidence of clinically unsuspected disease in a 
significant percentage of patients. Diagnostic cytology must be conceived of and 
practiced as a branch of pathology and of medicine. Any other approach to this 
discipline is not beneficial to the patients. 
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2 

The Basic Structure of the Mammalian Cell 



A cell is a self-contained fundamental unit of life. All cells are tridimensional, space- 
occupying structures, although when spread on a glass slide and viewed through the light 
microscope, they appear to be flat. Each mammalian cell has three essential components: 
cell membrane, cytoplasm, and nucleus (Fig. 2-1 and see Frontispiece and Fig. 3-1). The 
cell membrane encloses the transparent cytoplasm. Within the cytoplasm, enclosed in its own 
membrane or envelope, there is a smaller, approximately spherical dense structure — the 
nucleus. The nucleus is the principal repository of deoxyribonucleic acid (DNA), the 
molecule governing the genetic and functional aspects of cell activity (see Chap. 3). Although 
some mammalian cells, such as erythrocytes or squamous cells, may lose their nucleus in the 
final stages of their life cycle, even these final events are programmed by their DNA All 
nucleated cells are classified as eukaryotic cells (from Greek, karion = kernel, nucleus) 
in contrast with primitive cells, such as bacteria, wherein the DNA is present in the 
cytoplasm but is not enclosed by a membrane as a distinct nuclear structure 
(prokaryotic cells). Many of the fundamental discoveries pertaining to the molecular biology of 
cells were made in prokaryotic cells, documenting that all basic biochemical manifestations of 
life have a common origin. Families of cells differ from each other by their structural features 
(morphology) and by their activities, all programmed by DNA The recognition of these cell 
types and their alterations in health and disease is the principal task of diagnostic cytology. AH 
cells share the fundamental structural components that will be described in these pages. 

MICROSCOPIC TECHNIQUES USED IN EXAMINATION OF CELLS 

Cells can be examined by a variety of techniques, ranging from the commonly used light and 
electron microscopy to newer techniques of confocal and digital microscopy. Additional 
information on cell structure, derivation, and function can be obtained by immunocytochemistry 
and by in situ hybridization of cell components. The techniques required for special procedures 
will be described in the appropriate chapters. This brief summary will serve as an introduction 
to the description of the fundamental structure of the cell. 

Light Microscopy 
Bright-Field Light Microscopy 

Bright-field light microscopes are optical instruments that allow the examination of cells at 
magnifications varying from lx to 2,000x, using an appropriate combination of lenses. The 
highest resolution of the commonly used light microscopes, that is, the ability of the instruments 
to visualize the smallest objects, is limited by the wavelength of the visible spectrum of light, 
which is about 0.5 pm. The principles of bright-field light microscopy have been described in 
numerous books and manuals and need not be repeated here. It is assumed that the readers 



48 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 2 - The Basic Structure of the Mammalian Cell 

have a working knowledge of these instruments. Suffice it to say that the quality of the optics 
used, skill in the adjustment of the illumination, and the depth of the microscope's 
focus are essential 

P.22 

in evaluating the cellular preparations. In practice of clinical cytology, bright-field microscopy 
satisfies nearly all requirements for the diagnostic assessment of cells. The same technique is 
used in assessing the results of special stains and of immunocytochemistry. 




Figure 2-1 Benign human fibroblasts from a female patient in tissue culture. A Low- 
power view shows the relationship of the cells, which do not overlap each other. B. High- 
power view shows delicate cytoplasm, generally oval or round nuclei with small multiple 
nucleoli. Sex chromatin indicated by arrow (A * 250; B: * 1,000) (Alcohol fixation, 
Papanicolaou stain. Culture by Dr. Fritz Herz, Montefiore Hospital. From Koss LG. 
Morphology of cancer cells. In Handbuch der allgemeinen Pathologie, vol. 6, Tumors, part 
I. Berlin, Springer, 1974, pp 1-139.) 



Preparation of Cells for Bright-Field Light Microscopic Examination 
The cells are usually prepared for a light microscopic examination in the form of direct smears 
on commercially available glass slides of predetermined thickness and optical quality. Samples 
of cells suspended in fluid may be placed on glass slides by means of a special centrifuge, 
known as a cytocentrifuge, or a similar apparatus. Acell suspension may also be filtered 
across a porous membrane. The cells deposited on the surface of such membranes may 
either be examined directly or may be placed on glass slides by a process of reverse 
filtration. Cell samples may also be studied in histologic-type sections, after embedding of the 
sediment in paraffin (a technique known as the cell block). For details of these techniques, see 
Chapter 44. 

Fixation. 

Fixation of cell preparations is a common procedure having for its purpose the best possible 
preservation of cell components after removal from the tissue of origin. Avariety of fixatives 
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may serve this purpose, all described in Chapter 44. However, diagnostic techniques may also 
be based on air-dried cell preparations, either unfixed or postfixed in methanol, which 
introduce a number of useful artifacts. Such techniques are used in hematology and in 
aspiration biopsy samples. 

Staining. 

Optimal results in bright-field microscopy are obtained on stained preparations that provide 
visible contrast and discrimination among the cell components. Avariety of stains, described in 
Chapter 44, can be used to best demonstrate various cell components. Common stain 
combinations use hematoxylin and its variants as the nuclear stain and eosin or its many 
variants as the cytoplasmic stain. Examples of stains of this type include the hematoxylin- 
eosin stain and the Papanicolaou stain, which allow for a good visualization of the principal 
components of the cell, by contrasting the nucleus and the cytoplasm. Other stains in common 
use include methylene blue, toluidine blue, and Giemsa colorant that provide less contrast 
among cell components but have the advantage of rapidity of use. An example of cells fixed in 
alcohol and stained by the Papanicolaou method is shown in Figure 2-4. 

Phase-Contrast Microscopy 

Phase-contrast microscopy utilizes the difference in light diffraction among the various cell 
components and special optics that allow the visualization of components of unstained cells. 

The Nomarski technique is a variant of phase contrast microscopy that is particularly useful in 
the study of cell surfaces. Either technique may be applied to the study of living cells in 
suspension or culture and, when coupled with time-lapse cinematography or a television 
system, may 
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provide a continuous record of cell movements and behavior. These techniques are particularly 
useful in experimental systems, as they may document the differences in cell behavior under 
various circumstances, for example, after treatment of cultured cells with a drug or during a 
genetic manipulation. The systems also allow the study of events, such as movement of 
chromosomes during cell division, or mitosis. An example of the application of the Nomarski 
technique to a cell culture is shown in Figure 2-2 . 

Fluorescent Microscopy 

Cells or cell components stained with fluorescent compounds or probes can be visualized with 
the help of microscopes provided with special lenses and a source of fluorescent light, such 
as a mercury bulb or a laser, tuned to an appropriate wavelength, exciting fluorescence of the 
probe. In highly specialized commercial systems, the amount of fluorescence can be measured 
in individual cells or families of cells, and may serve to quantify various cell components. A 
somewhat similar system is used in flow cytometry (see Chap. 47). Fluorescence microscopy 
is particularly valuable in the procedures known as in situ hybridization, with the purpose of 
documenting the presence of chromosomes, chromosomal aberrations, or individual genes (see 
Fig. 2-31 and Figs. 4-26, 4-27, and 4-29). Fluorescent microscopy is also useful in identifying 
certain components of cell cytoplasms or cell membranes, using specific antibodies. 

Application of fluorescent microscopy and other techniques to the study of living cells was 
summarized in a series of articles on biologic imaging in the journal, Science, 2003. 
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Figure 2-2 Time-lapse cinematography, using Nomarski interference contrast optics, 
shows events in the merging of two colonies of cultured human cancer cells, line C41 . (In 
this technique the cell nuclei are seen in the form of craters wherein are located the 
nucleoli shown as small elevations.) A Beginning of sequence: two adjacent colonies. B. 
Sixteen minutes later: a cytoplasmic bridge between the two colonies has been 
established. C. Twenty-six minutes later: the area of merger has increased in size. D. 
Ninety-five minutes later: the merger has progressed to the point at which several cells in 
both colonies are fused. (Courtesy of Dr. Robert Wolley, Montefiore Hospital.) 



Con focal Microscopy 

Using a system of complex optics and a laser, the technique, combined with phase and 
fluorescent microscopy in complex and costly instruments, allows the visualization of cells 
and tissues in slices, separated from each other by approximately 1 pm. The images of the 
slices can be combined on a computer to give a three-dimensional picture of the cell or tissue 
and their components. This technique is applicable to individual cells or cell clusters that can be 
examined layer-by-layer. 

P.24 



Digital Microscopy 

With the wide availability of sophisticated computers, it has become possible to transform cell 
images into digits, that is, numerical values. The images are recorded by television or 
digital cameras, transformed into numerical values and stored in the computers' memory, on 
videotape, or on a videodisc. The original images can be reconstituted when needed. Such 
images, often of outstanding quality, can be manipulated with the help of special software. 
Images from several different sources can be assembled into plates suitable for publications or 
special displays. The colors of the displays can be adjusted for optimal quality of images. Many 
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new plates in this book have been prepared with this technique. Digital microscopy can also be 
applied to electron microscopic images (Shotton, 1995). 

Digital microscopy has been extensively applied in analytical and quantitative studies of 
cells and cell components. These techniques allow discrimination among families of cells of 
similar appearance but different biologic or clinical significance. They can also be applied to a 
variety of measurements of cell components, such as DNA, as discussed in Chapter 46. 

Variants of these techniques have been used in commercial instruments for automated or 
semiautomated analysis of cell populations. 

Digital microscopy is suitable for direct transmission of images via cable or satellites to remote 
locations (tele pathology or telecytology) for teaching or diagnostic purposes, as 
discussed in Chapters 1 and 46. Demonstration projects of this technology have documented 
that such images are of good quality when examined at the receiving stations. The images can 
be studied under variable magnification factors, thus allowing for diagnostic opinions. 

Transmissions of images by Internet have been extensively used for teaching. It is conceivable 
that, in the future, central telepathology consultation centers will be established to advise 
pathologists on difficult cases. At present, the systems are limited by cost, the speed of 
transmission, and by the availability of knowledgeable consultants to perform such services. 

Electron Microscopy 
Transmission Electron Microscopy 

Transmission electron microscopic technique utilizes certain optical properties of a fixed 
beam of electrons to illuminate the object. The images are captured on photographic plates. 
Extremely thin sections of tissues or cells (50 to 100 nm) and staining with heavy metals are 
required. Special fixation and embedding techniques must be used. The method allows a 
unique insight into the fine structure of the cell. Most of the images in this chapter were 
obtained by this technique. 

Scanning Electron Microscopy 

In the commonly used mode, the scanning electron microscopy technique utilizes a rapidly 
moving beam of electrons to scan the surface of cells or other objects. The cells are 
dehydrated, fixed, and coated with a thin metallic layer, usually of gold and palladium. The 
metal forms an exact replica of the cell surface. The beam of electrons glides over the metallic 
surface, and the reflected electrons form an image that may be registered on a photographic 
plate (Fig. 2-3) or on a fluorescent screen. Scanning electron microscopy is also applicable to 
the freeze -fracture technique, described below. 
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Figure 2-3 Scanning electron microscope view of cells in pleural effusion. The small 
doughnut-like cells are erythrocytes, the large chestnut-like cells are cancer cells. 
Intermediate-sized cells are macrophages, mesothelial cells, and leukocytes. The surfaces 
of the large cancer cells are covered by microvilli, (x 300.) (Courtesy of Dr. W. Domagala, 
Montefiore Hospital.) 



Other Techniques 

Several other special techniques, such as interference microscopy and x-ray diffraction 
microscopy, have been used for a variety of investigative purposes. Scanning-tunneling 
microscopy is a new tool for visualization of surfaces of molecules such as DNA. This 
technique has no applications to diagnostic cytology. 

Magnetic resonance, a technique widely used in imaging of the human body (MRI), is 
applicable to the study of tissues in vitro and to histologic sections as magnetic resonance 
microscopy (Huesgen et al, 1993; Sbarbati and Osculati, 1996; Johnson et al, 1997). The 
technique is based on magnetic gradients that produce a shift in hydrogen ions' alignment in 
water content of the living tissues, creating images that can be captured by computer and 
recorded on a photographic plate. Because of its low resolution, the practical value of this 
technique remains to be determined. 

THE COMPONENTS OF THE CELL 

The components of the cell will be described under three main headings: the cell membrane, 
the cytoplasm, and the nucleus (see Frontispiece). Whenever possible, the description will 
comprise light and electron microscopic 
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observations. The purely morphologic description has limited bearing on the intimate 
biochemical interrelationship of the cell components. The reader is referred to Chapter 3 and 
the appended references for further information. 

The Cell Membrane 

The cell membrane is the outer boundary of the cell, facilitating and limiting the exchange 
of substances between the cell and its environment. In light microscopy, the membrane of 
well-fixed mammalian cells cannot be seen. The cell's periphery appears as a thin condensation 
(Fig. 2-4). 

In transmission electron microscopy, the cell membrane appears as a well-defined line 
measuring approximately 75 A in width (Fig. 2-5). The membrane is composed of three 
layers, each about 25 A thick (see Frontispiece and Fig. 2-18). The inner and the outer dense 
(electronopaque) layers are separated by a somewhat wider lucent central layer. Similarly 
constructed membrane systems are observed in a variety of intracytoplasmic components 
within the cell, such as the mitochondria and the endoplasmic reticulum (see below). The term 
unit membrane is often used in reference to cell membranes in general. 

Davson and Danielli (1952) proposed that the plasma membrane is composed of a double lipid 
layer coated by polypeptide chains of protein molecules. This concept was acceptable so long 
as it readily explained certain physicochemical characteristics (semipermeability) of cell 
membranes. However, it has become evident that the cell membrane, far from being a passive 
envelope of cell contents, plays a critical role in virtually every aspect of cell function. Thus, the 
cell membrane regulates the internal environment of the cell, participates actively in 
recognition of the external environment and in transport of substances to and from the 
cell, determines the immunologic makeup of the cells, and accounts for the 
interrelationship of cells. 
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Figure 2-4 Human bronchial cells, oil immersion. A The focus was on the region of 
the cell membrane (M) and the nucleus. Within the latter there is a single nucleolus (NL) 
and several chromocenters. A sex chromatin body (S) adherent to the nuclear membrane 
may be observed. In this photograph the cilia appear to be anchored in a thick portion of 
the cytoplasm or a terminal plate. B. The focus was on cilia and their points of attachment 
within the cell. These are dense granules or basal corpuscles. The basal corpuscles form 
the so-called terminal plate. 



The initial insight into the makeup and function of the cell membrane was based on the study of 
erythrocytes. Their membrane is made up of a double layer (bilayer) of lipids, formed by 
molecules provided with chains of fatty acids. The lipid molecules have one water-soluble (or 
hydrophilic) end and a water-insoluble (or hydrophobic) end. In the cell membrane, the 
electrically charged hydrophilic ends of the lipid molecules form the inner and the outer 
surfaces of the cell membrane, whereas the uncharged, hydrophobic chains of fatty acids are 
directed toward the center of the cell membrane, away from the two surfaces. Cholesterol 
molecules add structural rigidity to the cell membrane. Protein molecules of various sizes, 
functions, and configurations are located within the lipid bilayer (integral proteins) but also 
extend beyond the cell membrane, either to the outside or to the inside of the cell or both. Such 
transmembrane proteins provide communication between the cell environment and cell 
interior. The number, makeup, position, and mobility of the protein molecules account for 
specific, individual properties of cells and tissues by forming specific receptor molecules. Cell 
membranes are further characterized by molecules of carbohydrates that attach either to the 
lipids (glycolipids) or to the proteins (glycoproteins) and which are the repository of the 
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immunologic characteristics of the cell. 

On the inner (cytoplasmic) aspect of the cell membrane, other protein molecules have been 
identified (peripheral proteins). Their function appears to be structural in maintaining the 
integrity of the cell membrane and in providing communication between the cell 
membrane and the interior of the cell (Fig. 2-6). 

This complex asymmetric structure of the cell membrane cannot be demonstrated by 
conventional electron microscopy. 

P.26 

Therefore, to study the problem, special techniques have been applied, such as freeze-fracture. 

The freeze-fracture technique consists of three steps: very rapid freezing of cells and 
tissues, fracturing the tissue with an instrument, and preparation of a metal replica of the 
fractured surface that can be examined in the scanning electron microscope. It has been 
determined that the fracture lines are not distributed in a haphazard fashion but, rather, run 
along certain predetermined planes. 




Figure 2-5 Electron micrograph of a segment of an arteriole. L = lumen, E = 
endothelial cells, M = smooth muscle cell, N = nucleus. Caveolae (CAV) and microvilli (MV) 
are evident in the endothelial cell. C = cell membrane; CF = collagen fibers with 
characteristic periodicity. Basement laminae (membranes) (BL) separate the endothelial 
cells from the muscle cells and the muscle cells from the connective tissue, (x 16,000.) 



Freeze-fracture of cell membranes disclosed two surfaces that, by agreement, have been 
named the P face and E face (Fig. 2-7). The P face represents the inner aspect of the cell 
membrane and contains numerous protruding protein particles. The E face represents the outer 
part of the cell membrane, which is relatively smooth, except for pits corresponding to the 
protein particles attached to the P face. Afew protein particles usually remain attached to the E 
face. The density and distribution of the protein particles varies from cell type to cell type and 
may be substantially modified by immunologic and chemical methods, indicating that the 
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position of these particles within the cell membrane is not fixed. Thus, the cell membrane is 
now thought to be a fluid-mosaic membrane, as first proposed by Singer and Nicholson 
(1972). It may be conceived as a viscous structure that can adapt itself to changing needs and 
conditions by being permissive to movements of large molecules, such as protein particles. 

Fixation of cells solidifies the membrane. The freeze-fracture images represent only snapshots 
of the position of the protein particles at the time of fixation. 

The freeze-fracture technique may also be used to study the structure of cell junctions (see Fig. 

2-16) and the interior of other cell membranes, such as the nuclear envelope (see Fig. 2-27). 

The basic structure of intracellular membranes, such as those composing the endoplasmic 
reticulum or mitochondria, appears to be essentially similar to that of the cell membrane, 
but differs in lipid/protein ratios and associated proteins and enzymes, reflecting the diversity of 
functions. 

Cytoplasmic Interactions 

Extensive work has been performed in recent years to establish links between the cell 
membrane and the cytoplasm. It is quite evident that this must be a very intimate association, as 
cell function depends on signals and nutrients received through the cell membrane. Also, the 
export of substances manufactured by the cell (or products of cell metabolism) must be 
regulated by interaction between the cytoplasm and the cell membrane. 

Molecular biologic investigations of recent years have identified numerous protein molecules 
that contribute to the function of the cell membrane as a flexible link between the environment 
and the interior of the cell. Each one of these molecules interacts with other molecules and 
theseinteractions are growing increasingly complex. So far, only 
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small fragments of this knowledge have emerged. At thetime of this writing (2004), no clear, 
cohesive picture has been formulated to explain how the cell membrane functions. Suffice it to 
say that there is good evidence that the cell membrane plays an important role in virtually every 
aspect of cell function in health and disease. Luna and Hitt (1992) discussed the interaction 
between the cell skeleton and cell membrane as one example of these interactions. 

Among the components of the cell skeleton that interact with the cell membrane are the 
intermediate filaments and tubules, described further on in this chapter. 
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INSIDE 



Figure 2-6 Schematic representation of the current concepts of cell membrane. 

The membrane is made up of two layers of lipids (pins), with points directed toward the 
center (uncharged hydrophobic ends) and pinheads (electrically charged hydrophilic ends) 
toward the two surfaces. The black pinheads indicate molecules of cholesterol, which add 
rigidity to the cell membrane. Integral protein molecules, represented by geometric figures 
of various shapes, are located within the bilipid layer, but also protrude from both surfaces. 
Symbolic representation of an emitting and receiving (dish) antennae show the cell's 
communications with its environment. On the inner aspect of the cell membrane, peripheral 
proteins (spectrin, actin) have been identified. These probably lend structural support to 
the membrane and provide communication between the cell membrane and the cytoplasm. 



The cell membrane is also the site of molecules that define the immunologic features 
of the cell. For example, the clusters of differentiation (CD) and blood group antigens 

discussed elsewhere in this book, are located on the cell membranes. 
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E FACE 




Figure 2-7 Principle of freeze -fracture. The sharp wedge (arrow) separates the frozen 
membrane into two faces (P and E; see text) without disturbing the position of 
intermembrane protein particles or structures (see Figs. 2-16 and 2-27). 



Coated Pits, Vesicles, and Caveoiae: Mechanisms of Import and Export 

Import, export, and transport of a variety of molecules within the cytoplasm takes place through 
pits and vesicles formed by invagination of cellular membranes. The largest of such vesicles 
observed on cell surfaces are known as pinocytotic vesicles. The pits and vesicles are 
coated by molecules of a complex protein, clathrin, which appears to be present in all cells. 
Clathrin is composed of three heavy and three light protein chains that form the scaffolds of the 
coats. Clathrin requires the cooperation of other proteins known as adaptors to fulfill its many 
functions, which include capturing, sorting, and transporting molecules. The molecular 
mechanisms of endocytosis have been extensively studied (Gillooly and Stemark, 2001). It may 
be assumed that each pit or vesicle is provided with specific receptors to a molecule or 
molecules of importance to the cell, and that it will recognize and selectively capture this 
molecule or molecules from thousands of molecules circulating within the fluid bathing the cell. 
Once the selected substance is captured, the vesicle closes and sinks into the cytoplasm to 
deliver its cargo to its appropriate destination. However, nature is extremely economical, and 
there is excellent evidence that the fragment of cell membrane that is used to form a vesicle is 
recirculated and returned to the surface in a different location to serve again. A similar 
mechanism is observed in removal or phagocytosis of hostile substances (or organisms, such 
as bacteria) that are recognized by the receptors on the cell surface. Removal of accumulated 
extracellular debris is another phagocytic function usually performed by specialized cells 
(macrophages) in a similar manner (see Fig. 5-13). A number of genetic disorders are now 
thought to be associated with defective mechanisms of intracellular membrane transport 
(Olkkonen and Ikonen, 2000). 

A reverse mechanism occurs in export of molecules, which are packaged into vesicles 
formed within the cell (mainly in the Golgi apparatus) (see below) and travel to the surface. The 
vesicles attach to the inner aspect of the cell membrane by means of specific receptors. After 
the merger, the cell membrane splits open, and the content of the vesicles is discharged into 
the circulating fluid bathing the cell. 

Besides clathrin-coated pits, the cell membrane also forms specific small invaginations (50 to 
100 nm in diameter) that are known as caveoiae. In cross-section, the caveoiae appear as 
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small, spherical vesicles in the adjacent cytoplasm (see Fig. 2-5). They are particularly 
prevalent in endothelial cells, smooth muscle cells, and type I pneumocytes (Schlegel et al, 

1998; Couvet et al, 1997). The caveolae are composed of caveolins, a family of integrated 
membrane proteins, which interact with a number of signaling molecules and thus regulate the 
cell's responses to its environment (Okamoto et al, 1998). Thus, caveolins have been 
implicated in cells' response to injury and may play a role in human breast cancer 
(Engelman, 1998). 
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Specialized Structures of Cell Surfaces 

Transmission electron microscopy has been helpful in elucidating some of the structural details 
of specialized structures of cell surfaces and the manner in which cells are attached to each 
other. 

The Glycocalix 

Specialized techniques of electron microscopy serve to demonstrate an ill-defined, fuzzy layer 
of material on the free surfaces of cells. This layer is referred to as glycocalix and 
appears to be composed primarily of glycoproteins containing residues of sialic acid. Although 
the thickness and, presumably, chemical makeup of glycocalix vary from one type of cell to 
another, its occurrence is a rather generalized phenomenon, the exact function of which is not 
well understood. 

Cilia and Flagella: Motile Cell Processes 

The cilia and flagella may be readily identified by light microscopy. Both are mobile extensions 
of the cell membrane and are capable of rapid movements. Aflagellum is usually a single, 
elongated mobile part of the cell, as observed in spermatozoa. Cilia are shorter and multiple, 
usually functioning (batting) in a synchronous manner, for example, in cells lining the bronchial 
epithelium (see Fig. 2-4), or other epithelia, such as that of the fallopian tube and the 
endocervix. Cells bearing cilia are usually polarized; that is, they have a specific spatial 
orientation in keeping with their function: the cilia are usually oriented toward the lumen of an 
organ or tissue. The cilia are anchored in a thick, flat portion of the cell cytoplasm immediately 
adjacent to the surface, referred to as a terminal plate (see Fig. 2-4A). Careful observation 
reveals that the terminal plate is composed of a series of dense granules, or basal corpuscles, 
each belonging to a single cilium (see Figs. 2-4B and 2-8). Cilia are rare in cancer cells. 
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Figure 2-8 Diagrammatic representation of the structure of the ciliary apparatus (A) 

of a mollusk (Elliptio), ( B ) an amphibian (Rana), and ( C ) a mammal (mouse). Note the 
differences in attachment to the cytoplasm. (Fawcett DW. Laryngoscope 64:557-567, 
1954.) 



There is a remarkable uniformity of ultrastructure of the motile cell processes throughout 
the animal and the plant kingdoms. Each cilium or flagellum contains 11 microtubules, of 
which two are single and located within the center, and nine are double (doublets) and 
located at the periphery (Figs. 2-9 and 2-10). The structure of the cilia and flagella is very 
similar to that of the centrioles (see below). Species differences do exist in the manner in which 
the cilia and the flagella are anchored within the cytoplasm (see Fig. 2-8). 

Within recent years, considerable insight has been gained into the function of the cilia and 
flagella. These cell processes are composed of an intricate system of protein fibrils that glide 
against each other in executing the movements, which require a substantial input of energy, 
provided by mitochondria. For details of the current concepts of movements, see Satir (1965) 
and Sale and Satir (1977). 

Microvilli and Brush Border 

Microvilli are short, slender, regular projections on free surfaces of cells that can be 
visualized in electron microscopy 
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or light microscopy. The term brush border or striated border is applied to specialized cell 
surfaces provided with microvilli. The brush border is observed on the free surface of the 
intestinal mucosa (Fig. 2-11 A and see Fig. 2-15). The regular, finger-like intestinal microvilli, 
delimited by the plasma membrane, measure approximately 1 pm in length and serve the 
function of increasing the useful surface of the cell. Asimilarly organized brush border is 
observed in the proximal segment of the renal tubules. Microvilli may be observed by light 
microscopy on the surface of various normal human cells, as short, delicate, hair-like 
striations, best observed in air-dried and stained cells, spread on glass slides. Scanning 
electron microscopy shows microvilli, as finger-like, slender structures, projecting from the 
surface of the cell. Long and irregular microvilli that occur on the surfaces of cancer 
cells are much easier to see in light microscopy and are occasionally of diagnostic 
help. These observations are discussed in detail in Chapter 7 and are illustrated in Figures 7-7, 
7-8, 7-9, 7-10, 7-11, 7-12, 7-13 and 7-14. 




A B 



Figure 2-9 Diagrammatic representation of a cilium (A) and of the principal piece of 
mammalian sperm flagellum (B). Note the similarity of the basic structure, with two 
single microtubules in the center and nine double microtubules at the periphery. This 
structure of cilia is encountered throughout the plant and the animal kingdoms. (Fawcett 
DW. Laryngoscope 64:557-567, 1954.) 
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Figure 2-10 Electron micrograph of cross- and longitudinal sections of cilia from 
human endocervical cells. The nine peripheral double microtubules and the two central 
single microtubules are well shown, (x 80,000.) (Courtesy of Dr. H. Dembitzer, Montefiore 
Hospital.) 



Cell Contacts 

The relationship of cells to one another within the same tissue or within adjoining tissues is of 
paramount importance for the structural integrity and function of all organs (see Fig. 2-11). 

These relationships are regulated by cell membranes, which form a variety of cell contacts and 
cell attachments. It is not known as yet whether the cell attachments are formed on 
predetermined specialized areas of cell surfaces, or incidental to haphazard cell contacts. 

From the morphologic point of view, a number of structural cell contacts have been identified. 

These are the desmosomes, the junctional complexes, and the gap junctions (Fig. 2-12). 

The Desmosomes and Hemidesmosomes 

The structure of cell attachments, especially within the epithelia, has been of interest to 
biologists and pathologists alike for over a century. Early on, it has been noted in light 
microscopy that, within the squamous stratified epithelia, the cells are attached to each other by 
means of cytoplasmic extensions, named intercellular bridges. In phase microscopy, fine 
fibrils, named tonofibrils, may be seen converging on the areas connecting the unfixed, 
unstained cells. For many years, it has been known that, in the centers of the intercellular 
bridges, there existed small dense structures, variously referred to as granules (Ravier) or 
nodes (Bizzozero) and currently referred to as desmosomes. Electron microscopic studies 
have demonstrated that the desmosomes represent points of adhesion of two adjacent 
cells (see Figs. 2-11,2-12 and 2-13). The cytoplasm of adjacent cells remains firmly attached 
at the points of desmosomal adherence but, owing to artifacts of 
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fixation, it shrinks elsewhere. The elongated desmosomebound portions of the cytoplasm 
constitute the intercellular bridges seen in light microscopy. Recent studies show that molecules 
of C-cadherin are an essential component of desmosomes (He et al, 2003). 




Figure 2-11 Diagrammatic representation of several types of specialization found 
on the surfaces of contact between adjacent cells. A On the interface between 
columnar epithelial cells of the intestine, desmosomes (arrow) are frequently seen near the 
free surface showing striated border. B. On the contact surfaces of liver cells, desmosomes 
occur ( arrows ) on either side of the bile capillary. Near these are stud-like processes that 
project into concavities on the surface of the adjacent cell. C. In the stratified squamous 
epithelium of the rodent vagina, the cell surfaces are adherent at the desmosomes and 
retracted between, giving rise to the so-called intercellular bridges of light microscopy. A 
continuous system of intercellular spaces exists between bridges. Projecting into these 
spaces are a few short microvilli. D. In the stratum spinosum of the tongue, adjoining cells 
have closely fitting corrugated surfaces. Numerous desmosomes are distributed over the 
irregular surface. E. The partially cornified cells of the superficial layers of stratified 
squamous epithelium apparently lack desmosomes, but the ridges and grooves of the cell 
surfaces persist. A An extraordinarily elaborate intercrescence of cell surfaces is found in 
the distal convoluted segment of the frog nephron. (Fawcett DW. Structural specializations 
of the cell surface. In Palsy SL (ed). Frontiers in Cytology. New Haven, Yale University 
Press, 1958.) 



The fine structure of a desmosome, or macule adherens (from Latin = adhesive area; plural, 
maculae adherentes), is fairly uniform in most tissues examined to date: within each cell, at the 
region of localized contact of two cells, there is a dense plaque adjacent to the cell membrane, 
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made up of converging cytoplasmic actin microfilaments (tonofibrils). The two cell membranes 
do not appear modified. Within the intercellular substance, there is a dense central lamina. Very 
slender filaments run between the central lamina and the adjacent cell membranes (see Fig. 2- 
13). 




Figure 2-12 Diagrammatic representation of the three principal types of cell 
junctions. The tight junction (TJ) is formed by fusion of the two outer layers of adjacent 
cells. It is impermeable to most molecules. The gap junction (GJ) serves the purposes of 
cell-to-cell communication. The desmosomes (D) are button-like, extremely tough cell 
junctions that are particularly well developed in protective epithelia, such as the squamous 
epithelium. 



The desmosomal apparatus is operational in all epithelia and many other tissues, but the details 
of the structure may vary from one tissue type to another. For instance, the squamous 
epithelium of the genital tract may be structurally somewhat different from the squamous 
epithelium of other 
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organs. Burgos and Wislocki (1956) demonstrated the existence of intercellular canaliculi in the 
rodent vagina during estrus. Such canaliculi conceivably serve as channels for metabolites, etc. 
and, perhaps, are instrumental in bringing about the marked cyclic changes in the vaginal 
epithelium in these animals (see Fig. 2-11). 



65 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 2 - The Basic Structure of the Mammalian Cell 




Figure 2-13 Desmosomes and actinfilaments (tonofibrils). Epidermis of human vulva. 
Electron micrograph of a portion of two adjoining epithelial cells showing actin filaments 
attached to two desmosomes (D). The filaments do not transverse cell boundaries. Note 
within the intercellular space a central dense lamina (arrow), a part of the desmosome 
structure. Bundles of filaments (T) may be observed within the cytoplasm, (x 54,400.) 



Recent investigations of cytoskeleton (see below) disclosed that desmosomes are 
biochemically complex structures containing many different filamentous proteins, some of 
which are desmosome specific. Among the latter, specific adhesion proteins (adherins) have 
been identified in cytoplasmic plaques. Other protein components of desmosomes are 
desmoplakins and desmogleins. The desmosomes also contain intermediate filaments of 
various molecular weights. It has been documented that the makeup of desmosomes varies in 
different cell and tissue types (Franke et al, 1982, 1994). With the development of specific 
monoclonal antibodies to these proteins, the presence of desmosomal proteins may now be 
used as a means of tissue identification and diagnosis of diseases (Franke et al, 1989, 1994; 
Schmidt etal, 1994). 

Hemidesmosomes (half-desmosomes) are observed at the attachment points of epithelial 
basal cells to the basement lamina. The half-desmosome is morphologically somewhat similar 
to the desmosome: there is a thickening of a limited area of the cytoplasm of a basal cell 
adjacent to the cell membrane, upon which converge cytoplasmic fibrils. However, the apposed 
basement membrane shows merely a slight thickening, which contains slender filaments. An 
intermediate thickening, or membrane, is usually present within the fibrils of the 
hemidesmosome (Fig. 2-14). Jones et al (1994) documented that the hemidesmosomes serve 
as connectors between the extracellular matrix and the intermediate filaments in the 
cytoplasm of the cell. The mechanisms of cell adhesion molecules to the extracellular matrix 
were reviewed by Hutter et al (2000). 
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The Junctional Complexes 

Farquhar and Palade (1963) described a particular type of attachment of epithelial cells, known 
as the junctional complex, located along the lateral surfaces of the cells adjacent to the lumen 
(Fig. 2-15). The junctional complex is composed of three parts. The tight junction (zonula 
occludens), closest to the lumen, represents an area of fusion of the outer leaflets of the 
plasma membranes of two adjacent cells. The molecular mechanisms of formation of this 
junction were discussed by Knox and Brown (2002). This cell junction contains the adhesion 
molecule, E-cadherin (Franke et al, 1994). The intermediate junction (zonula adherens) is 
characterized by the presence of an intercellular space, separating areas of cytoplasmic 
density occurring in each of the participating cells. The third part of the junctional complex is a 
desmosome (macula adherens). On the surface of certain epithelia, for example, in the small 
intestine, the tight junctions form an occlusive network that is essentially not permeable to 
molecules, even of a very small size, and presumably, synchronizes the function of these 
epithelia. Thus, nutrients cannot penetrate the seal between the cells, but are absorbed by the 
cell surfaces facing the lumen. A similar arrangement is encountered on the surfaces of many 
other epithelia in contact with a fluid medium, such as the renal tubules, bile canaliculi, and 
ependymal cells. Freeze-fracture of tight junctions shows a continuous network of ridges and 
grooves at the site of membrane fusion (Fig. 2-1 6A). 
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Figure 2-14 Half-desmosomes. Electron micrograph of the basal portion of the epithelial 
cell (E) of rat bladder and the basement lamina (BL). The half-desmosomes (D) are fan- 
shaped areas of increased density owing to numerous converging fine fibrils. An 
intermediate membrane (IM) is present between the cell membrane (CM) and the basement 
lamina. Dense material, possibly fibrillar, located between the cell membrane and the 
basement lamina completes the half-desmosome. (x 54,600.) 
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The Gap Junctions (Nexus Junctions) 

First observed in the cardiac muscle and, subsequently in a variety of other tissues, the gap or 
nexus junctions were identified as specialized areas of cell contact. In transmission electron 
microscopy, gap junctions appear as well-demarcated areas of merger between two adjacent 
cells, somewhat less than 200 A in thickness. The junction is composed of seven layers, three 
of which are electrontranslucent and are sandwiched in between electron-dense layers (see 
Fig. 2-12). The central electron-lucent zone (or gap) is composed of small hexagonal subunits, 
forming the channels of communication between adjacent cells (Revel and Karnovsky, 

1967). Freeze cleaving confirmed that the gap junction is a highly specialized area of cell 
contact, displaying membrane-associated particles in a hexagonal array (see Fig. 2-1 6B). There 
are at least two different types of gap junctions, with a somewhat different arrangement of 
particles. 

The gap junction channels are composed of a diverse family of proteins, named connexins 
(Donaldson et al, 1997). The gap junctions have multiple functions: they provide cell-to- 
cell communications of essential metabolites and ions and may serve as electrical 
synapses (Leitch, 1992). It has been shown that defects in connexins may be associated with 
human diseases (Paul, 1995; Spray, 1996). Thus, the gap junctions and the associated 
proteins are essential to function and integrity of tissues. 

The Cytoplasm and Organelles 

The cytoplasm is the component of the cell, located between the nucleus and the cell 
membrane. Depending on the type and origin of the cell, the cytoplasm may present a 
variegated light microscopic appearance. Its shape, size, and staining properties vary 
greatly and will be described in detail for the various tissues and organs. In living cells, there is 
an intense movement of particles within the cytoplasm. 

In conventional light microscopy, various products of cell metabolism may be seen in the 
cytoplasm, often appearing as granules or vacuoles. The latter are round or oval structures, 
generally with an unstained or a faintly stained center. Their contents may be identified by 
special techniques. 

Electron microscopic investigation of cells, coupled with sophisticated biochemical methods, 
has shed considerable light on the basic structure of the cytoplasm and of the major organized 
cytoplasmic components or organelles. 
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Figure 2-15 Junctional complex. Electron micrograph of intestinal-type epithelium 
observed in a rare nasal tumor of man. The component of the junctional complex may be 
observed: tight junction (TJ), intermediate junction (IJ), and the desmosome (D). Other 
desmosomes (D', D") may be observed below. Note also the microvilli (MV), seen in 
longitudinal and cross section, and mitochondria (M), some with intramitochondrial dense 
granules. Also note dense bodies (DB), which may represent secretory granules (x 
22,800.) (Courtesy of Dr. Robert Erlandson, Sloan-Kettering Institute for Cancer Research, 
New York.) 



Ultrastructure of the Cytoplasm 

The cytoplasm is composed of organized cell components, or organelles, the 
cytoskeleton, and a cytoplasmic matrix. The organized components of the cytoplasm 
comprise the membranous systems, ribosomes, mitochondria, lysosomes, centrioles, 
microbodies, and miscellaneous structures. 
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The Membranous System 

The membranous system is composed of the endoplasmic reticulum and the Golgi 
complex. 

The Endoplasmic Reticulum 

The endoplasmic reticulum is a closed system of unit membranes forming tubular canals 
and flattened sacs or cisternae that subdivide the cytoplasm into a series of compartments. The 
membranes of the endoplasmic reticulum may be “rough,” that is, covered with numerous 
attached granules composed of ribonucleic acid (RNA) and proteins (RNP granules or 
ribosomes; see below), or “smooth,” free of any particles. The amount and structural 
forms of endoplasmic reticulum vary from one cell type to another. In general, rough 
endoplasmic reticulum is abundant in cells with marked synthesis of proteins for export 
— for instance, in the pancreas or the salivary glands, see Figure 2-17. In light microscopy, the 
RNA-rich cytoplasmic areas (once named ergastoplasm) stain bluish with hematoxylin. 

This feature is commonly observed in metabolically active cells. Smooth cytoplasmic 
reticulum is abundant in cells that synthesize various steroid hormones. 
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Figure 2-16 Electron micrographs of freeze -fracture preparations showing a tight 
junction (A) and a gap junction (B). A. The tight junction (zonula occludens) appears in 
freeze-fracture images as a continuous meshwork of ridges and grooves representing the 
sites of membrane fusion (arrows). Epidermis of the transparent catfish ( Kryptoterus ). B. 
The appearance of gap junctions is quite different from the tight junction in that they are 
made up of plaques (GJ) of closely packaged particles. The particles measure about 9 nm 
in diameter and are believed to be the sites at which hydrophilic channels bring about 
electrical coupling between cells. Myocardium of a tunicate (Ciona). (Unpublished data of 
RB Hanna and GD Pappas, Albert Einstein College of Medicine, New York. Courtesy of Dr. 
Pappas.) 
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Figure 2-17 “Rough” endoplasmic reticulum. Electron micrograph of an epithelial cell 
of a human submaxillary gland. Note the ribosomes (RNP particles) attached to the 
membranes of the endoplasmic reticulum. Free ribosomes are also present in the space 
between the membranes. (x43,000.) (Courtesy of Dr. Bernard Tandler, Sloan-Kettering 
Institute for Cancer Research, New York.) 



The Golgi Complex 

First described by Golgi in 1898, this organelle consists of a series of parallel, doughnut- 
shaped flat spaces or cisternae and spherical or egg-shaped vesicles demarcated by 
smooth membranes (Fig. 2-18). In epithelial cells with secretory function, the Golgi complex is 
usually located between the nucleus and the luminal surface of the cells. Present evidence 
suggests that the Golgi complex synthesizes and packages cell products for the cells' own 
use and for export (Fig. 2-19). For example, the Golgi complex synthesizes structural proteins, 
such as the components of the asymmetric unit membrane observed in the urothelium (Hicks, 
1966; Koss, 1969; see Chapter 22). The synthesis of the protein products occurs within the 
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cisternae of the Golgi complex. The products for export are packaged in the form of vesicles 
lined by a single smooth membrane derived from pinched offends of the cisternae and is 
released into the cytoplasm (Fig. 2-20). A review of the mechanisms of protein sorting by the 
Golgi apparatus was provided by Allan and Balch (1999). 

The Ribosomes 

The ribosomes are submicroscopic particles measuring between 150 and 300 A in diameter, 
depending on the technique used, and are composed of RNAand proteins in approximately 
equal proportions. They are ubiquitous and have been identified in practically all cells of animal 
and plant origin. In the cytoplasm, the ribosomes may be either floating free or they may be 
attached to the outer surface of the endoplasmic reticulum (see Fig. 2-17). It appears likely that 
the two types of ribosomes exercise different functions: the free ribosomes are primarily 
engaged in the production of proteins for the cell's own use, whereas attached ribosomes are 
responsible for protein production for export. A marked concentration of ribosomes (and hence 
proteins) confers upon the cytoplasm a basophilic staining (see above). 

Each ribosome is composed of two, approximately round subunits of unequal size and has 
been compared to a Russian doll. Ribosomes may be joined together by strands of messenger 
RNA(mRNA) to form aggregates or polyribosomes that thus resemble a string of beads. The 
string may be either 
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open or closed. Ribosomes are attached to the membranes of the endoplasmic reticulum by the 
larger subunit. 
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Figure 2-18 Inactive Golgi complex. Electron micrograph of human labial salivary gland. 
In this type of cell, the Golgi complex (GC) is composed mainly of a series of parallel 
membranes made up of smooth reticulum (SR). Note the absence of ribosomes (see Fig. 
2-17). C = cell (plasma) membrane; its three-layer structure, with a translucent middle layer 
is well seen in this photograph, (x 17,300.) (Courtesy of Dr. Bernard Tandler, Sloan- 
Kettering Institute for Cancer Research, New York.) 



The ribosomal RNA(rRNA) is manufactured in the nucleolus and transferred into the 
cytoplasm where it becomes associated with the protein component. At the conclusion of the 
process of protein synthesis, the ribosomal subunits are separated and return to the 
cytoplasmic pool. The details of the mechanism of protein synthesis are discussed in 
Chapter 3. Ribosome-like structures may also be observed within the nucleus, presumably 
representing various types of RNA. 

The Mitochondria 
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Although the mitochondria were first observed in light microscopy in the latter part of the 19th 
century, their structure and function have become better known only within the last 50 years. 

These organelles are present in all eukaryotic cells. Mitochondria are small, usually 
elongated structures, usually less than 0.5 pm in width and less than 7 pm in length. Even 
within the same cell, the mitochondria may vary substantially in size and configuration, 
assuming spherical, cigar-, club-, or tennis racquet-like shapes. However, the basic structure 
of a mitochondrion, initially described by Palade in 1953, is uniform. Each mitochondrion is 
composed oftwo membranes, located one within the other. The outer shell of the 
mitochondrion is a continuous, closed-unit membrane. Running parallel to the outer membrane 
is a morphologically similar inner membrane that forms numerous crests or invaginations 
(cristae mitochondriales), subdividing the interior of the organelle into a series of 
communicating compartments (Fig. 2-21 and see Frontispiece and Fig. 2-15). Frequently, the 
cristae are approximately at a right angle to the long axis of the mitochondrion, but they may 
also be oblique or, for that matter, longitudinal. There is no 
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known relationship between the orientation of the cristae and the function of the organelle. A 
homogeneous material or mitochondrial matrix, containing a mixture of molecules and 
enzymes, fills the interior of the organelle. 
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Figure 2-19 Active Golgi complex. Electron micrograph of a human labial salivary gland 
Note the enormous accumulation of mucous granules (MG) within the Golgi complex (GC) 
and above it, toward the lumen (L) of the acinus. The basic structure of the Golgi complex 
is maintained. C = cell (plasma) membrane (see Fig. 2-18). (x8,700.) (Courtesy of Dr. 
Bernard Tandler, Sloan-Kettering Institute for Cancer Research, New York.) 



The size and configuration of the mitochondria may vary according to the nutritional status of 
an organ. For instance, the mitochondria of the liver may become very large in some deficiency 
states, only to return to normal with resumption of a normal diet. Mitochondrial enlargement may 
also be caused by poor fixation of material. The latter is the probable background of a cell 
change known as cloudy swelling to light microscopists. 

Accumulation of fat, hemosiderin, and proteins may be observed in the immediate vicinity of the 
mitochondria. This probably occurs because of the role of the mitochondria in energy- 
producing oxidative processes. Indeed, the key role of the mitochondria within the cell is 
that of carriers of energy-producing complex enzyme systems. Several oxidative systems have 
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been identified within the mitochondria: Krebs cycle enzymes, fatty acid cycle enzymes, and the 
enzymes of the respiratory chain, including the cytochromes. Most importantly, the formation of 
energy-producing adenosine triphosphate (ATP) from phosphorus and adenosine diphosphate 
(ADP) takes place within the mitochondria. The ATP is exported into the cytoplasm where it 
serves as an essential source of energy for the cell. 

It has been documented that the mitochondria possess their own DNA that is independent 
of nuclear DNAand is responsible for independent protein synthesis and for the mitochondrial 
division cycle. This supports the concept that the mitochondria are quasi-independent 
organelles, living in symbiosis with the host cell, which they supply with energy. It is a matter for 
an interesting 
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speculation that mitochondria may represent primitive bacteria that, at the onset of biologic 
events, became incorporated into the primordial cell, and this association became 
permanent for mutual benefit. Thus, two genetic systems exist within a cell, one vested in 
the mitochondria and the other in the nucleus. The two systems are interdependent, although 
the exact mechanisms of this association are not understood. 




Figure 2-20 Ultrastructural features of a calcitonin-producing medullary carcinoma 
of the thyroid. Numerous electron-opaque secretory granules bound by a single 
membrane may be noted (arrowheads). The peripheral cisternae of the Golgi complex (G) 
show accumulation of electronopaque substance; hence, the assembly of the secretory 
granules is probably a function of the Golgi apparatus, (x 54,400.) (Koss LG. Morphology 
of cancer cells. In Handbuch der allgemeinen Pathologie, vol. 6, Tumors, part I. Berlin, 
Springer, 1974, pp 1-139.) 



The mitochondrial DNA has been extensively studied, and its structure has been determined. 
It is a small molecule of double-stranded DNA containing only 37 genes (13 structural 
genes encoding proteins, 22 transfer RNA genes, and 2 genes encoding ribosomal RNAs). All 
mitochondria of the zygote are contributed by the ovum; hence, all of mitochondrial 
DNA is of maternal origin. Because muscle function depends heavily on energy systems 
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vested in mitochondria, it is not surprising that various muscular disorders have been 
observed in association with abnormalities of mitochondrial DNA (Moraes et al, 1989; 

Fadic and Johns, 1996; and DiMauro and Schon, 2003). Such disorders are transmitted 
exclusively by females to their offspring. There is also recent evidence that mitochondria 
participate in the phenomenon of programmed cell death or apoptosis. The issue is 
discussed at length in Chapter 6. 



INNER 



OUTER 



CRISTAE 



Figure 2-21 Schematic representation of a mitochondrion shown in longitudinal 
section (left) and cross-section (right). For details, see text. 



In cells characterized by an abundance of mitochondria (oncocytes, sometimes named 
Hurthle cells, and tumors composed of oncocytes oncocytomas), which may occur in the 
salivary glands, thyroid, kidney, breast, and sometimes in other organs, the mitochondrial DNA 
may be modified (Welter et al, 1989). For description of oncocytes and oncocytomas, see 
appropriate chapters. 

The Lysosomes (Lytic Bodies) and the Autophagic Vacuoles 

The lysosomes, or cell disposal units, are the organelles participating in the removal of 

phagocytized foreign material. Occasionally, the lysosomes also digest obsolete 

fragments 
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of cytoplasm and organelles, such as mitochondria, for which the cell has no further use. 

The term autophagic vacuoles or residual bodies has been suggested for such structures. In 
electron microscopic preparations, the lysosomes may be identified as spherical or oval 
structures of heterogeneous density and variable diameter (Fig. 2-22). The lysosomes contain 
several hydrolytic enzymes, acid phosphatase being the first one identified, that serve to 
digest the phagocytized material. It is of interest to note that granules commonly observed in 
neutrophilic leukocytes belong to the family of lysosomes inasmuch as they contain “packaged” 
digestive enzymes that assist in the dissolution of phagocytized bacteria. 
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Figure 2-22 Electron micrograph of epithelial cell, rat urinary bladder. Large oval 
body containing droplets of dense lipid-like material and clear vesicles. The body is 
probably a disposal unit and, as such, related to autophagic vacuoles and lysosomes. (x 
38,000.) 



The origin of at least some lysosomes has been traced to certain regions of smooth 
endoplasmic reticulum (Novikoff et al, 1973) that is intimately associated with the inner (active) 
face of the Golgi complex. 

It appears that, in some cells at least, the outer membrane of the lysosome may merge with the 
cell membrane. This is followed by extrusion of the contents of the lysosome into the 
extracellular space. This process is the reverse of pinocytosis, or phagocytosis (see above). 

The lysosomes appear to play an important role in certain storage diseases, for example, in 
Tay Sachs disease. This is one of several known inborn or hereditary defects of metabolism 
wherein the deficiency of an enzyme (hexosaminidase A) results in accumulation of a fatty 
substance, ganglioside, in lysosome-like vesicles in cells of the central nervous system. In 
several other uncommon diseases (such as metachromatic leukodystrophy) and certain 
granulomatous disorders (malakoplakia, see Chap. 22), abnormalities of lysosomes play a 
major role. 

The Peroxisomes or Microbodies 

The peroxisomal family of organelles is characterized by storage of enzymes involved in 
metabolism of hydrogen peroxide. The most commonly encountered enzyme is catalase. 
Morphologically, peroxisomes are vesicular structures that, in nonhuman cells, are often 
provided with a dense central core or nucleoid (Fig. 2-23). Occasionally, the core has a 
crystalloid structure. Microbodies were extensively studied in liver cells and cells of the renal 
proximal convoluted tubules of rats. It has been shown that, under certain circumstances, 
peroxisomes are capable of becoming very large and, apparently, of dividing (Lavin and Koss, 
1973). Whether these organelles have an independent DNA system, such as that of the 
mitochondria, is not known. 
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The Centrio/es 

The centrioles are cytoplasmic organelles that play a key role during cell division. Each 
interphase animal cell contains a pair of centrioles, short tubular structures, usually located in 
the vicinity of the concave face of the Golgi complex. As the cell is about to enter mitosis, 
another pair of centrioles appears, and each pair travels to the opposite poles of the cell and 
becomes the anchoring point of the mitotic spindle. The formation of the mitotic spindle 
from microtubules is described below. 

The origin of the second pair of centrioles has not been fully clarified; apparently it is 
synthesized de novo from precursor 
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molecules in the cytoplasm (Johnson and Rosenbaum, 1992). This event is induced and 
directed in an unknown fashion by the original pair of centrioles. Each pair of centrioles is 
surrounded by a clear zone, the centrosome, which, in turn, is surrounded by a slightly 
denser area or the astrosphere. Within each pair, the centrioles are placed at right angles to 
each other. Thus, in a fortuitous electron micrograph, one centriole will appear in a longitudinal 
section and the other in cross section. In the cross section, each centriole appears as a 
cylindrical structure with a clear center and nine triplets or groups of three 
microtubules (Fig. 2-24). Thus, the basic structure of the centriole, first described by de 
Harven and Bernhard in 1956, closely approximates that of cilia and flagella (see Figs. 

2-9 and 2-10). It has been suggested that the centrioles are at the origin of cilia. If this were the 
case, it would indicate that the centrioles might multiply manyfold. It has been observed that 
formation of the sperm flagellum takes place from one of the centrioles, while the other remains 
inactive. 




Figure 2-23 Peroxisomes (P) or microbodies in proximal tubules of rat kidney. Note 
the central dense core or nucleoid. Ly = lysosomes; MV = microvilli, (x 19,800.) (Lavin P, 
Koss LG. Effect of a single dose of cyclophosphamide on various organs in the rat. IV. The 
kidney. Am J Pathol 62:169, 1971.) 
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The Cytoske/eton 

The skeleton of the cells and, hence, the structures maintaining their physical shape, facilitating 
their motion, and providing structural support to all cell functions, is provided by a family of 
fibrillar proteins. Several techniques were developed that allow the isolation of these proteins 
and the production of specific monoclonal or polyclonal antibodies that can be used to 
identify these proteins and to localize them within cells. By techniques of molecular biology, the 
precise composition of such proteins has been determined and the genes responsible for their 
formation identified and sequenced (see Chap. 3). This work is not only of theoretical value but 
has also led to strides in immunocytochemistry, particularly relative to intermediate filaments 
(see below and Chap. 45). 

The cytoskeleton is fundamentally composed of three types of fibrillar proteins, initially 
classified by their diameter in electron microscopic photographs: the actin filaments 
(microfilaments, tonofilaments), intermediate filaments, and microtubules. They will be 
described in sequence. 

Actin Filaments (Microfiiaments, Tonofilaments) 

The ubiquitous actin filaments, measuring 5 to 7 nm in diameter, are observed in all cells of 
all vertebrate species. In electron microscopy, they can be recognized as bundles of 
longitudinal cytoplasmic filaments crisscrossing the cytoplasm and often converging on 
specific targets such as desmosomes (see Fig. 2-13). The actin filaments are found within 
virtually all structural cell components and interact with many other proteins that regulate 
their length. The fundamental structure of these elongated fibrillar proteins is helical, with two 
different ends: this latter feature allows the filaments to attach to two different molecules and 
function as an intermediary polarized link. The actin filaments are easily polymerized (i.e., 
they form structures composed of several actin units). This is probably the mechanism that 
allows actin filaments to form tight meshworks in conjunction with other proteins. Among the 
latter, it is important to mention 
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the links of actin filaments to a contractile protein, myosin, accounting for motion and 
contractility of cells and of cell appendages such as cilia and flagella. Other linkages occur with 
transmembrane proteins, such as spectrin, ensuring the communications between the cell 
membrane and cell interior. Thus, actin microfiiaments perform several essential functions 
within cells as linkage filaments coordinating the activity of divergent cell components. 
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Figure 2-24 Centrioles. Electron micrograph of thymus of DBA mouse. Two centrioles are 
seen in this electron micrograph: one (C) in cross section, showing nice triplets of tubules, 
and the other (C') in oblique section and apparently at a right angle to (C). Centriole 
satellite (S) is attached to C'. This may represent the point of anchorage of the tubules of 
the mitotic spindle. N = nucleus; NM = nuclear membrane. (x94,000.) (Courtesy of Dr. 
Etienne de Harven, Sloan-Kettering Institute for Caner Research, New York.) 



Intermediate Filaments 

The group of cytoplasmic filaments was initially identified in electron microscopy because of 
their diameter (7 to 11 nm); hence, intermediate filaments (IFs) are larger than actin 
microfilaments and smaller than microtubules (see the following section). This group of 
filaments assumed an important role in immunocytochemistry and histochemistry as markers of 
cell derivation and differentiation by means of specific antibodies that serve to identify the 
presence and the distribution of IFs in cells and tissues (see Chap. 45). The genes governing 
the synthesis of IFs have been identified by molecular biology techniques and applied to 
studies of cell differentiation across species, documenting that these genes belong to the 
fundamental cellular genes in primitive multicellular organisms, such as worms, mollusks, and 
perhaps even plants (Nagle, 1988 and 1994). It is of interest, though, that the precise function 
of the IF proteins is obscure, as they do not appear to participate in any life cycle events. 

Several subspecies of IF proteins have been identified, differing from each other by relative 
molecular mass (M r ) and anatomic distribution (Table 2-1). Their significance in 
immunocytochemistry is discussed in Chapter 45. Perhaps the best known of the IFs are the 
keratins, which have been extensively studied in the epidermis of the skin (Sun et al, 1984; 
Franke et al, 1989). As shown in Figure 2-25 , there are several subfamilies of keratin filaments 
(proteins) forming pairs, each composed of one basic and one acidic protein (see Fig. 2-25A). 
Each type of squamous epithelium (skin, cornea, other epithelia) may be represented by a 
special pair of proteins of high relative molecular mass. With the change of epithelial type from 
a single layer to multilayer epithelium, different keratin genes, producing proteins of increasing 
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molecular mass are activated (see Fig. 2-25B). This mechanism may be important in 
understanding the change known as squamous metaplasia (see Chap. 6). 

Of note is the identification of lamins, structural proteins of the nucleus, and its components. 

These proteins contribute to the formation of the nuclear membrane and the nuclear pore 
complexes. They may play a role in the organization of interphase chromosomes (see below). 

Microtubules 

Microtubules, measuring between 22 and 25 nm in diameter, have long been recognized and 
identified by light microscopy as the constituents of the mitotic spindle. The determination 
of their existence in the interphase cells required 
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electron microscopy. The understanding of their chemical makeup, function, and molecular 
biology is an ongoing process. Microtubules are hollow, tube-like structures, which appear to 
be universally present in all cells, and are synthesized from precursor molecules of tubulin. As 
described earlier (see Figs. 2-9 and 2-10), microtubules are an integral component of cilia, 
flagella, and centrioles (see Fig. 2-24). Microtubules, like actin filaments (see above), are 
polarized, that is, they have one “minus” and one “plus” end; hence, they can be attached to 
two different molecules and form a bridge between them. 



TABLE 2-1 CHARACTERISTICS AND DISTRIBUTION OF INTERMEDIATE FILAMENTS 

(IF) IN TISSUES 

Type M r (daltons) Tissue Distribution 



Keratins 



Form: acid 
types 9-19 


40,000- 

68,000 


Epithelia (specific types associated with specific 
epithelial types and their maturation) 


Pairs: neutral 
- basic types 
1-8 






Desmin 


53,000 


Muscle fibers of all types 


Vimentin 


57,000 


Cells of mesenchymal origin and some epithelial 
cells, such as mesothelium, thyroid, endometrium 


Glial fibrillary 
proteins (GPF) 


55,000 


Glial cells, Schwann cells 


Neurofilaments 


68,000; 

160,000; 

200,000 


Dendrites and axons; body of neuronal cells 
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Lamins 60,00- Form nuclear skeleton and various nuclear 

80,000 structures; similar to cytoplasmic IF 



For further discussion of intermediate filaments, see Chapter 45. 

Modified with permission from Nagle RB. Intermediate filaments: A review of the basic 
biology. Am J Surg Pathol, 12 (Suppl. 1): 4-16, 1988. 




Figure 2-25 A A unifying model of keratin expression. Keratins of subfamilies A (acidic) 
and B (basic) are arranged vertically, according to their relative molecular mass (molecular 
weights). The drawing indicates that keratin proteins of A and B type form pairs, with 
proteins of increasing relative molecular mass (M r ) making their appearance as epithelia 
mature from simple to stratified. K = kilodaltons; s.e. = stratified epithelia. B. A schematic 
drawing showing the embryonic development as well as the postulated evolutionary history 
of human epidermis. The bottom part of the drawing shows a simplified diagram of 
electrophoretic analysis of keratins of increasing M r , expressed in kilodaltons (numbers on 
right) corresponding to the evolution of epithelia from simple to stratified to keratinized. K = 
kilodaltons; s.e. = stratified epithelium. (Sun TT, et al. Classification, expression, and 
possible mechanisms of evolution of mammalian epithelial keratins: A unifying model. In 
Levin AJ, et al (eds). Cancer Cells, vol. 1 . Cold Spring Harbor, New York, Cold Spring 
Harbor Laboratory, 1984, pp 169-176.) 



The principal role for microtubules and associated proteins 
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is their participation in cellular events requiring motion. Cilia and flagella are a good 
example of this function in which microtubules perform a sliding movement in association with a 
protein, dynein, and an energy-producing system, adenosine triphosphate (ATP). 



The mitotic spindle is synthesized by the cells undergoing mitosis from molecules of tubulin. 
The spindle formation may be inhibited by some drugs, such as colchicine and vinblastine, 
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or enhanced by Taxol, a potent anti-cancer drug, derived from the bark of a tree, the western 
yew (Taxus brevifolia). These drugs are commonly used in experimental work involving cell 
division. During cell division, the centrioles serve as an organizing center for the mitotic 
spindle (see above). From the centrioles, located at the opposite poles of the cell, the 
microtubules attach to the condensed double chromosomes arranged at the metaphase plate 
(see Chap. 4) and participate in the migration of the single chromosomes into the two daughter 
cells. Once the mitosis is completed, the spindle microtubules are depolarized and redistributed 
in the cytoplasm. Undoubtedly, microtubules perform yet other functions within the cell: they 
may be associated with movements of coated pits and pinocytotic vesicles to and from cell 
membranes and are associated with cell motion. 

Storage of Products of Cell Metabolism Within the Cytoplasm 

The identification of the many varied materials produced and stored within the cells was 
successfully accomplished before the era of electron microscopy. The identification of lipids, 
glycogen, mucin, and pigments, such as bile, hemosiderin, melanin, and lipofuscin, goes 
back to the 19th century. Electron microscopy has shed considerable light on their 
ultrastructure, the mechanisms of accumulation, and their relationship to various cytoplasmic 
organelles. Thus, lipids often accumulate in close rapport with mitochondria (see above). The 
role of the Golgi complex in the production of mucus and other cell products, and in formation of 
storage vesicles, was discussed above. The production of various polypeptide hormones in 
the pancreatic islet cells and other cells with endocrine function, accumulating in the form of 
endocrine cytoplasmic vesicles, has been documented (see Fig. 2-20). The histochemical or 
immunocytochemical identification of the nature of various cell products stored in the 
cytoplasm may play a crucial role in diagnosis of some cell and tissue disorders. As an 
example, the presence of mucin may be of value in the differential diagnosis of an 
adenocarcinoma, whereas the presence of melanin may establish the diagnosis of a malignant 
melanoma. The identification of specific hormones by immunocytochemistry is often of 
assistance in classifying tumors with endocrine function (see Chap. 45). 

The Cytoplasmic Matrix 

The space within the cytoplasm, not occupied by the membranous system, the cell skeleton, or 
by the organelles, is referred to as the cytoplasmic matrix. The matrix is composed of proteins 
and free ribosomes. There is still little knowledge about the makeup of the proteins 
constituting the bulk of the cytoplasmic matrix. It is quite certain that the matrix contains all of 
the amino acids necessary for protein synthesis, various forms of RNA, and enzymes 
(see Chap. 3). Under the impact of various chemicals or heat, the matrix may be irreversibly 
coagulated; this is the principle of cell fixation. In electron micrographs, the matrix appears 
as a homogeneous substance, occasionally containing fine granules, fibrils, or filaments. 

The Nucleus and Its Membrane 
The Nuclear Membrane 

The nucleus is enclosed within the nuclear membrane, or nuclear envelope, composed of 
two electron-dense membranes, each measuring approximately 75 A in thickness and 
separated from each other by a clear zone measuring from 200 to 400 A in width. On the inner 
(nuclear) side of the nuclear membrane, there is a layer of filaments (fibrous lamina), about 
300 A in thickness, which presumably enhances the resilience of the membrane and may play a 
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role in the anchorage of chromosomes. The outer membrane of the nuclear membrane 
resembles rough endoplasmic reticulum because numerous ribosomes are attached to it; thus, 
it may be considered as a part of the cell's inner membrane system. The nuclear membrane is 
characterized by the presence of nuclear pores (Fig. 2-26). A pore is an area where there is a 
fusion of the two dense layers of the nuclear envelope. A complex array of protein 
molecules with a central channel, about 9 nm in diameter (nuclear pore complex), constitutes 
the nuclear pore. The nuclear pores serve as exchange channels between the nucleus and 
the cytoplasm. Freeze-fracture of the nuclear membrane discloses that the distribution of 
the nuclear pores is random and does not follow any geometric pattern (Fig. 2-27). Still, the 
nuclear pores form a close relationship with individual chromosomes and their number may be 
chromosome dependent. For example, it has been shown that the number of nuclear pores 
is increased in aneuploid cancer cells with elevated DNA content and, hence, elevated number 
of chromosomes (Czerniak et al, 1984). This is in keeping with the new data on the 
organization of the normal interphase nucleus (see below). The nuclear membrane disappears 
during the late prophase of the mitosis and is reformed during the late telophase (for 
stages of mitosis, see Chap. 4). The probable mechanism of formation of the nuclear 
membrane is discussed below. 

The intact nuclear envelope shows a remarkable resistance to trauma or corrosive 
chemicals such as acids or alkali. When a cell is exposed to such agents, the cytoplasm usually 
disintegrates fairly rapidly, but the nuclear envelope usually remains intact, protecting the 
contents of the nucleus. This remarkable property of the nuclear envelope is utilized in 
many techniques of nuclear isolation, for example, in measuring DNA content by flow 
cytometry (see Chap. 47). 

The Nucleus 

The nucleus is the principal repository site of DNA and, therefore, is the center of events 
governing metabolic and 
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reproductive processes of the cell. The basic concepts pertaining to the mechanism of DNA 
structure and function are described in Chapter 3. The events in cell division (cell cycle and 
mitosis) are described in Chapter 4. 
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Figure 2-26 Area of nucleus. Electron micrograph of an epithelial cell, rat bladder; N = 
nucleus. Note the nuclear envelope, consisting of two membranes, the inner (IL) and the 
outer (OL), separated by a translucent space. The inner (nuclear) aspect of the nuclear 
membrane appears thick because of the presence of a fibrous lamina. Nuclear pores (NP) 
are well in evidence. Nuclear contents appear granular; CY = cytoplasm. (x64,000.) 



Resting or Interphase Nucleus 

In light microscopy of appropriately stained preparations, the “resting” or interphase nuclei 
of normal cells are seen as a large, usually spherical structure located within the cytoplasm. 
In stained preparations, the nucleus is surrounded by a distinct, thin peripheral ring, 
representing the nuclear membrane. The location of the nucleus depends on cell shape: in 
cells of approximately spherical, oval, or spindly configuration, the nucleus usually occupies a 
central position; in cells of columnar shape, which are usually polarized, the nucleus is 
frequently located in the vicinity of the distant cell pole, away from the lumen of the organ. The 
shape of the normal nucleus may vary: it is usually spherical but may be oval, elongated, or 
even indented, and, hence, kidney-shaped, depending on cell type. In polymorphonuclear 
leukocytes and megakaryocytes, the nuclei form two or more lobes. Located within the 
nucleus is an important organelle, the nucleolus, which may be single or multiple (see below). 
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The dominant chemical component of the interphase nucleus is a mixture of DNAand 
associated histones and nonhistone proteins (known in the aggregate as nuclear 
chromatin) that readily reacts with dyes such as hematoxylin, that confer upon the nucleus a 
bluish stain of variable intensity (see Frontispiece and Fig. 2-1). 

The double-stranded DNA within the nucleus can also be stained with a highly specific stain, 
the Feulgen stain (Fig. 2-28), which is extensively used in quantitative analysis of DNA. The 
total DNA can also be visualized and quantitated with the use of specific fluorescent 
reagents (probes), such as propidium iodide or DAPI, extensively 
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used in molecular biology and quantitative and analytical cytology (see Chap. 47). 




Figure 2-27 Freeze -fracture replica of the nuclear membrane of a urothelial cell, 

showing random distribution of the nuclear pores ( arrows ) on face E and face P. Note the 
fine granules of intermembrane proteins in the background. (Approx. * 50,000.) (Courtesy 
of Dr. Bogdan Czerniak.) 
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Figure 2-28 Feulgen-stained cultured malignant cells from an experimental 
carcinoma of the bladder (line BC 7, probably fibroblastic). The stain is specific for 
double-stranded DNA; hence, only the nuclei are stained. Note the increase in the intensity 
of staining of the condensed chromosomal DNA in the mitotic figures, (x 1,000.) (Culture 
by Dr. Fritz Herz, Montefiore Hospital. Koss LG. Morphology of cancer cells. In Handbuch 
allgemeinen Pathologie, vol. 6, Tumors, part I. Berlin, Springer, 1974, pp 1-139.) 



The size of the nucleus depends substantially, but not absolutely, on its DNA content. 

During the cell cycle, described in Chapter 4, the DNA content of the nucleus doubles 
during the synthesis phase (S-phase) and remains double until the cell divides. The 
diameter of nuclei with a double amount of DNA is about 40% larger than that of nuclei in 
the resting phase of the cell cycle. Thus, the assessment of the nuclear size, an important 
feature in recognition of cancer cells, must always be compared with a population of normal 
cells. For further discussion of this issue, see Chapter 7. 

In well-fixed and stained cells, within the homogeneous background of the nucleus (sometimes 
referred to as nuclear “sap”), one can observe a fine network of thin, thread-like linear 
condensations, known as the linin network. Located at various points in the network are small, 
dark granules of odd shapes, the chromocenters. The chromocenters are composed of an 
inactive form of DNA, composed of sequences that do not participate in the biologic activities; 
therefore, they are designated as constitutive heterochromatin. Constitutive heterochromatin 
may also be identified in chromosomal preparations around the centromeres (see Chap. 4). 

This form of chromatin should be distinguished from another form of condensed chromatin 
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that may occur in only some cells and that is called facultative 
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heterochromatin. An example of the latter is the sex chromatin body (also known as the 
Barr's body after the person who described it), which is a condensed portion of one of the two 
X chromosomes and, therefore, is seen only in females or male individuals with genetic 
abnormalities, such as excess of X chromosome (Klinefelter's syndrome) (see Chaps. 4 and 9 
for further discussion of this condition). The sex chromatin body is seen as a triangular 
dark structure, attached by its base to the inner side of the nuclear membrane, with the 
tip of the triangle pointed toward the center of the nucleus. The identification of the sex 
chromatin body is of value in the recognition of some genetic disorders and occasionally cancer 
cells (see Chaps. 7, 26, and 29). 



Interphase Nucleus in Electron Microscopy 

Except for the nuclear membrane, described above, the ultrastructure of the interphase nucleus 
does not cast much light on its organization. The area of the nucleus is filled with finely granular 
material, or nuclear “sap” (nucleoplasm), wherein one can observe scattered ribosomes. 

The filamentous proteins, lamins, may sometimes be observed as a network of fine filaments 
attached to the nuclear membrane. The chromatin may be seen as overlapping electron- 
dense or dark areas at the periphery of the nucleus, undoubtedly representing fragments 
of chromosomes attached to the nuclear membrane (see below — structure of interphase 
nucleus). The correlation of the electron microscopic images with specific chromosomes has 
been poor, even with the use of immunoelectron microscopy, wherein specific genes or proteins 
can be identified by antibodies usually labeled with colloidal gold. 



The Nucleus in Cycling Cells 

In a cell population that is proliferating and, therefore, is characterized by mitotic activity, the 
appearance of the nonmitotic nucleus may change. Besides the enlargement, caused by the 
increase in DNAduring the S-phase of the cell cycle (see above), the granularity of the 
nucleus may increase substantially during the prophase of the mitosis because of early 
condensation of parts of chromosomes in the form of chromatin granules. Although such 
events are more common in cancer cells (see Chap. 7), they may also occur in normal cells 
undergoing cell division. 



The Nucleolus 

In a normal interphase resting nuclei, the nucleoli are seen as round or oval structures of 
variable sizes, averaging about 1 pm in diameter, occupying a small area within the nucleus. 
The location of the nucleoli is variable but, in light microscopy, they are usually located close to 
the approximate center of the nucleus, rarely at the periphery. The number of nucleoli per 
nucleus varies from one to four but usually only one nucleolus is observed. The reason for the 
variable number of nucleoli is their origin in the nucleolar organizer loci, located on each 
of the two homologues of chromosomes 13, 14, 15, 21, and 22. Thus, theoretically, 10 
nucleoli per cell should be seen. However, the small nucleoli merge shortly after the birth of the 
cell, thus reducing the total number of these organelles. 

Thanks to the work of Caspersson and his colleagues in Sweden (1942, 1950), much is known 
about the natural sequence of events in the life of a nucleolus. The nucleoli are born 
within the nucleolar organizer loci in the designated portion of the chromosomes by 
accumulation of proteins and ribonucleic acid (RNA), which “explodes” the center of the 
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chromosomal fragment (Figs. 2-29 and 2-30). The chromosomal DNAof the nucleolus 
organizing locus forms a rim surrounding the RNA-rich central space and is easily 
recognized as the nucleolus-associated chromatin. After merger of small nucleoli, the 
larger nucleolus, or nucleoli, occupies a central role in the life of a cell as the center of 
production of RNA(see Chap. 3). The nucleolus disappears at the onset of cell division, only to 
be reborn again in the daughter cells after mitosis. 

The size of the nucleoli in interphase cells varies according to the function of the cell. In 

metabolically active cells, such as cells processing or secreting various products, the nucleoli 
are larger than in quiescent cells with limited metabolic activities. For example, in mucus- 
secreting intestinal epithelial cells, the nucleoli are larger than in squamous cells, which perform 
an essentially passive protective function. Under some circumstances, such as an injury 
requiring rapid repair when the cells are forced to produce a large amount of protein, the 
accumulation of large amounts of RNA causes the nucleoli to become multiple and 
very large and measure up to 4 or 5 pm in diameter. Large nucleoli of irregular configuration 
are common in cancer cells (see Chap. 7). 

An important feature of the nucleoli in light microscopy is their staining affinities. The center 
of the nucleolus accepts acidophilic dyes, such as eosin, and therefore stains red. The 
periphery, that is, the nucleolus-associated chromatin, retains the staining features of DNA 
and, therefore, stains blue with basophilic dyes. In Feulgen stains, the nucleolus-associated 
chromatin accepts the dye, but the center of the nucleolus remains unstained. 

The Nucleolus in Electron Microscopy 

The ultrastructure of the nucleolus has been extensively studied because of its role as the 
center of production of RNA (see Chap. 3). The nucleolus is composed of electron-dense and 
electron-lucent areas. Occasionally, at the periphery of the nucleolus, a distinct dense zone 
corresponding to the nucleolus-organizing region of a chromosome may be distinguished. The 
core of the nucleolus corresponds to the granular and fibrillar products of ribosomal RNA in 
various stages of synthesis. 

Organization of the inter phase Nucleus 

Although the light microscopic structure and ultrastructure of the nucleus have been well known 
for many years, as summarized above, until the 1980s, no tools were available to probe the 
organization of the interphase nucleus. It was commonly thought that during interphase, the 
nuclear chromatin represented uncoiled chromosomal DNA, forming a structure of incredible 
complexity. Although individual 
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genes could be identified and localized on individual chromosomes by molecular biologic 
techniques (see Chap. 3), the overall organization of the interphase nucleus remained a 
mystery. On the other hand, considerable knowledge was accumulated in reference to the 
nucleus during mitosis, giving rise to the study of cytogenetics (see Chap. 4). Thus, it became 
known that the normal human cell contains 46 chromosomes, arranged in 22 pairs of 
nonsex chromosomes or autosomes and two sex chromosomes, either 2 X (in 
females) orXY (in males). Thus, each chromosome had its double and both are known as 
homologues. 
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Figure 2-29 Diagram of development of nucleolus from nucleolus-associated 
chromatin. (Caspersson TO. Cell Growth and Cell Function-ACytochemical Study. New 
York, WW Norton, 1950.) 



The introduction of fluorescent probes, first to specific segments of individual chromosomes 
and then to whole chromosomes, has now allowed us to study the position and configuration 
of chromosomes in interphase cells. The techniques are known as fluorescent in situ 
hybridization (FISH), and chromosomal “painting” techniques. A number of initial studies, 
conducted mainly on human cells in culture, suggested that, contrary to previous assumptions, 
individual chromosomes could be identified in interphase cells. 

However, only a recent study of terminally differentiated human bronchial cells (Koss, 1998) 
could document that all chromosomes retain their identity during the interphase (Fig. 2- 
31). Further, it was shown that the two homologues of the same chromosome were 
located in different portions of the nucleus and were in close apposition to the nuclear 
membrane. By measuring angles formed by two homologues, it could be documented that the 
position of individual chromosomes in interphase cells is constant and is probably 
maintained in normal cells throughout the entire cell cycle. It was also documented that, in the 
bronchial cells, the configuration of the two homologues was somewhat different, 
suggesting that they may participate differently in cell function, as has been previously 
documented for X chromosome (Lyon's hypothesis, see Chap. 4). These studies strongly 
suggest that the fundamental organization of the nuclear DNAis orderly throughout the 
life of the cell and explains the orderly transmission of the genetic material from one 
generation of cells to another. The peripheral position of the chromosomes on the nuclear 
membrane also strongly suggested that each homologue might be responsible for the 
formation of its own proprietary segment of the nuclear membrane during the telophase. 

It was also suggested that the nuclear pores, which are the portals of exit (or entry) of the 
nuclear products (such as RNA) into the cytoplasm, might be formed at the points of junction of 
adjacent segments of the nuclear 
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membrane. The consequences of these observations may have a significant impact on our 
understanding of nuclear structure and function. 
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Figure 2-30 Actual photographs of development of nucleolus inside the nucleolus- 
associated chromatin in a neurocyte (Feulgen stain). (Caspersson TO. Cell Growth and 
Cell Function-ACytochemical Study. New York, WW Norton, 1950.) 




Figure 2-31 The position and configuration of chromosomes in terminally 
differentiated bronchial cells (oval nuclei) or goblet cells (spherical nuclei) stained 
with FISH. The two homologues of each chromosome are clearly located in different 
territories of the nucleus. The location of the autosomes on or adjacent to the nuclear 
membrane is evident. Identification numbers of chromosomes and the sex of the donor (F 
or M) are indicated. Only one signal was generated for the X chromosome in a male (XM). 
The differences in configuration and size of territories of the two autosomes (one 
“compact” and one “open”) are best seen in chromosomes IF, 1M, 5M, 5F, 7F, 8F, 9M, 

10F, 12F, 15M, 20F, and XF. Similar differences were noted for other chromosomes but are 
not well shown. 



The Basement Membrane 

The basement membrane is a complex structure that occurs at the interface of epithelia and 
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the underlying connective tissue. There are several component parts to the basement 
membrane. Best seen in the electron micrograph is a thin, condensed, usually uninterrupted 
electron-opaque layer, known as basal lamina (see Figs. 2-5 and 2-14). Basal lamina is 
separated from the epithelial cell membranes by a narrow, electron-lucent layer known as 
lamina lucida. Crossing the lamina lucida are the cell junctions, known as 
hemidesmosomes, described above, that anchor epithelial cells to the basal lamina (see 
above and Fig. 2-14). On the side of the connective tissue, the basal lamina is in close contact 
with collagen fibrils. Basal lamina is also observed in nonepithelial tissues, for example, 
surrounding smoothmuscle cells. Within recent years, the basement membranes have been 
the subject of intensive studies, for several reasons. The basement membranes are a product 
of interaction between the epithelial cells and the connective tissue; hence, they form a barrier 
that has been shown to be important in a variety of diseases. Cell surface receptor molecules, 
known as integrins, are an important factor in regulating the relationship of the cells to the 
extracellular matrix (Giancotti and Ruoslanti, 1999). Some examples of diseases affecting the 
basement membrane are disorders of the renal glomeruli, certain skin disorders, and invasive 
cancer. Cancer cells, even in invasive or metastatic cancers, are capable of reproducing 
the basal lamina, although it may be functionally deficient. 

The principal functions of the basement membrane appear to be the support and anchorage of 
cells, such as epithelial cells, and, most likely, a regulatory role in the activity of some other 
cells, such as the smooth muscle. Basal lamina also serves as a template in epithelial 
regeneration. Major chemical components of the basement membrane include several 
complex proteins, such as laminins, collagen types IV and V, fibronectin, proteoglycans, and 
other adhesion molecules. The interrelationship of these components with each other, and the 
cells that produce it, is complex and not fully understood at this time. The relationship of cancer 
suppressor genes with various adhesion molecules and, hence, the basement membrane, in 
the genesis of benign tumors and formation of metastases in malignant tumors, is discussed in 
Chapters 3 and 7. 
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How Cells Function: Fundamental Concepts of Molecular 
Biology* 



Molecular biology is a branch of the biologic sciences that attempts to explain life and its 
manifestations as a series of chemical and physical reactions. The critical event that led to the 
development of this new science was the discovery of the fundamental structure of 
deoxyribonucleic acid (DNA) by Watson and Crick in 1953. Few prior developments in 
biology have contributed so much and so rapidly to our understanding of the many fundamental 
aspects of cell function and genetics. Although, so far, the impact of molecular biology on 
diagnostic cytology has been relatively modest, this may change in the future. Therefore, some 
of the fundamental principles of this new science are briefly summarized. The main purpose of 
this review is to describe the events in DNA replication, transcription, and translation of genetic 
messages; to clarify the new terminology that has entered into the scientific vocabulary since 
1953; and to explain the techniques that are currently used to probe the functions of the cell. It 
is hoped that this review will enable the reader to follow future developments in this 
stillexpanding field of knowledge. Of necessity, this summary touches upon only selected 
aspects of molecular biology, representing a personal choice of topics that, in the judgment of 
the writer, are likely to contribute to diagnostic cytology. For reasons of economy of space, with 
a very few exceptions, the names of the many investigators who contributed 

P.54 

to this knowledge are not used in this text. Readers are referred to other sources listed in the 
bibliography for a more detailed record of individual contributors and additional information on 
specific technical aspects of this challenging field. 

Molecular biology is easily understood because it is logical and based on the simple principles 
of organic chemistry. Hence, basic knowledge of organic chemistry is necessary to understand 
the narrative. Every attempt has been made to tell the story in a simple language. 

THE CELL AS A FACTORY 

Although the main morphologic components of the cell have been identified by light and 
electron microscopy (see Chap. 2), until 5 decades ago, the understanding of the mechanisms 
governing cell function has remained elusive and a matter for conjecture. Molecular biology has 
now shed light on some of these mechanisms, although, at the time of this writing (2004), much 
remains to be discovered. The living cell is best conceived as a self-contained miniature 
factory that must fulfill a number of essential requirements necessary to manufacture 
products, either for its own use or for export (Fig. 3-1). Acell is a three-dimensional 
structure contained within the cell membrane, which is a highly sophisticated, flexible 
structure (see Chap. 2). The membrane not only protects the cell from possible hostile elements 
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or environmentally unfavorable conditions, but it is also capable of selective intake of 
materials that are important and necessary to the survival of the cell; this latter property 
is vested in specialized molecular sites: the membrane receptors (see Chap. 2). The cell 
exports finished products by using intricate mechanisms in which the cell membrane is an active 
participant. The membrane is also provided with a series of devices, such as cell junctions, 
which allow the cell to live in harmony and to communicate with its neighbors. 



Figure 3-1 A schematic view of a cell as a factory. The functions of the various 
structural components of the cell are indicated. SER = smooth endoplasmic reticulum; RER 
= rough endoplasmic reticulum. 



The cell is constructed in a sturdy fashion, thanks to the cell skeleton composed of 
microfilaments, intermediate filaments, and microtubules (see Chap. 2). The cell is capable of 
producing the components of its own skeleton and of regulating their functions. The energy 
needs of the cell are provided by the metabolism of foodstuffs, mainly sugars and fats, 
interacting with the energy-producing systems, adenosine 5%-tri phosphate (ATP), vested 
primarily in the mitochondria. The machinery that allows the cell to manufacture or 
synthesize products for its own use or for export, mainly a broad variety of proteins, is 
vested in the system of cytoplasmic membranes, the smooth and rough endoplasmic 
reticulum, and in the ribosomes (see Chap. 2). Disposal of useless or toxic products is 
vested in the system of lysosomes and related organelles. As a signal advantage of most cells 
over a manmade factory, the cell is 



provided with a system of reproduction in its own image, in the form of cell division or 
mitosis (see Chap. 4). Thus, aged and inadequately functioning cells may be replaced by 
daughter cells, which ensure the continuity of the cell lineage, hence of the tissue, and 
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ultimately of the species. The equilibrium among cells is also maintained by a mechanism of 
elimination of unwanted or unnecessary cells by a process known as apoptosis, or 
programmed cell death. Apoptosis plays an important role during embryonal development, 
wherein unnecessary cells are eliminated in favor of cells that are needed for construction of 
tissues or organs with a definite function. Apoptosis also occurs in adult organisms and may 
play an important role in cancer. The mechanisms of apoptosis are complex and consist of a 
cascade of events, involving the mitochondria and the nuclear DNA, discussed at length in 
Chapter 6. 

It is quite evident from this brief summary that a highly sophisticated system of organization, 
which will coordinate its many different functions, must exist within each cell. Furthermore, 
within multicellular organisms, these functions vary remarkably from cell to cell and from tissue 
to tissue; hence, they must be governed by a flexible mechanism of control. The dominant role 
in the organization of the cell function is vested in the DNA, located in the cell's nucleus. 
The mechanisms of biochemical activities directed by DNA and the interaction of molecules 
encoded therein is the subject of this summary. 

DEOXYRIBONUCLEIC ACID (DNA) 

Background 

The recognition of the microscopic and ultrastructural features of cells and their fundamental 
components, such as the nucleus, the cytoplasm with its organelles, and the cell membrane, all 
described in Chapter 2, shed little light on the manner in which cells function. The key 
questions were: Flow does a cell reproduce itself in its own image? Flow are the genetic 
characteristics of cells inherited, transmitted, and modified? Flow does a cell function as a 
harmonious entity within the framework of a multicellular organism? 

The facts available to the investigators during the 100 years after the initial observations on cell 
structure were few and difficult to reconcile. The developments in organic chemistry during the 
19th century documented that the cells are made up of the same elements as other 
organic matter, namely, carbon, hydrogen, oxygen, nitrogen, phosphorous, calcium, 
sulfur, and very small amounts of some other inorganic elements. Perhaps the most critical 
discovery was the synthesis of urea by Wohler in 1828. Soon, a number of other organic 
compounds, such as various proteins, fats and sugars, were identified in cells. Of special 
significance for molecular biology was the observation that all proteins are composed of the 
same 20 essential amino acids. Afurther important observation was that most enzymes, 
hence substances responsible for the execution of many chemical reactions, were also 
proteins. The cell ceased to be a chemical mystery, but it remained a functional puzzle. 

The observations by the Czech monk, Gregor Mendel (or Mendl), who first set down the laws 
governing dominant and recessive genetic inheritance by simple observations on garden 
peas, opened yet another pathway to molecular biology. Was there any possible link between 
biochemistry and genetics? The phenomenon of mitosis, or cell division, and the presence of 
chromosomes were first observed about 1850, apparently by one of the founding fathers of 
contemporary pathology, Rudolf Virchow. Several other 19th-century observers described 
chromosomes in some detail and speculated on their possible role in genetic inheritance, but, 
again, there was no obvious way to reconcile the chromosomes with the genetic and 
biochemical data. 

In 1869, a Swiss biochemist, Miescher, isolated a substance from the nuclei of cells from the 
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thymus of calves, named thymonucleic acid, and since renamed deoxyribonucleic acid or 
DNA. The relationship between DNAand the principles of genetic inheritance, as defined by 
Mendel, was not apparent for almost a century. A hint linking the chromosomes with the 
“thymonucleic” acid was provided by Feulgen and Rossenbach, who, in 1924, devised a DNA- 
specific staining reaction, which is known today as the Feulgen stain. It could be shown that 
chromosomes stained intensely with this stain (see Fig. 2-28). Interestingly, in the 1930s, the 
Swedish pioneer of cytochemistry, Torbjorn Caspersson, suggested that thymonucleic acid 
could be the substance responsible for genetic events in the cell. 

It was not, however, until 1944 that Avery, MacCarty, and MacLeod, working at the Rockefeller 
Institute in New York City, described a series of experiments documenting that DNA was the 
molecule responsible for morphologic changes in the bacterium, Diplococcus 
pneumoniae, thus providing firm underpinning to the principle that the genetic function was 
vested in this compound. The universal truth of this discovery was not apparent for several 
more years, particularly because bacterial DNA does not form chromosomes. The 
understanding of the mechanisms of the function of DNA had to await the discovery of the 
fundamental structure of this molecule by Watson and Crick in 1953. For a recent review of 
these events, see Pennisi (2003). 

Structure 

DNA was once described as a “fat, cigar-smoking molecule that orders other molecules 
around.” In fact, the molecule of DNA is central to all events occurring within the cell. In 
bacteria and other relatively simple organisms not provided with a nucleus (prokaryotes), the 
DNA is present in the cytoplasm. In higher organisms (eukaryotes), most of the DNA is located 
within the nucleus of the cell. In a nondividing cell, the DNA was thought to be diffusely 
distributed within the nucleus. Recent investigations, however, strongly suggest that even in the 
nondividing cells, the chromosomes retain their identity and occupy specific territories within the 
nucleus (Koss, 1998). For further details of the nuclear structure, see Chapter 2. During cell 
division, the DNA is condensed into visible chromosomes (see Chap. 4). Small amounts of DNA 
are also present in other cell organelles, mainly in the mitochondria; hence, the suggestion 
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that mitochondria represent previously independent bacterial organisms that found it 
advantageous to live in symbiosis with cells (see Chap. 2). To understand how DNA performs 
the many essential functions, it is important to describe its structure. DNA forms the well- 
known double helix, which can be best compared to an ascending spiral staircase or a 
twisted ladder (Fig. 3-2). The staircase has a supporting external structure, or backbone, 
composed of molecules of a pentose sugar, deoxyribose, bound to one another by a molecule 
of phosphate. This external support structure of the staircase is organized in a highly specific 

fashion: the organic rings of the sugar molecules are alternately attached to the phosphate by 

* 

their 5' and 3' carbon molecules (Fig. 3-3). This construction is fundamental to the 
understanding of the synthesis of nucleic acids, which always proceeds from the 5' to 
the 3' end, by addition of sugar molecules in the 3' position. The steps of the staircase 
(or rungs of the ladder) are formed by matching molecules of purine and pyrimidine 
bases, each attached to a molecule of the sugar, deoxyribose, in the backbone of the molecule 
(Fig. 3-4; see Fig. 3-2). The purines are adenine (A) and guanine (G); the pyrimidines are 
thymine (T) and cytosine (C). It has been known since the 1940s, thanks to the contributions 
of the chemist, Chargaff, that in all DNA molecules, regardless of species of origin, the 
proportions of adenine and thymine on the one hand, and of guanine and cytosine on the other 
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hand, were constant. This information, combined with data from x-ray crystallography of purified 
molecules of DNA allowed Watson and Crick to construct their model of the DNA molecule. In 
it, the purine, adenine, and the pyrimidine, thymine (the A-T bond), and cytosine and guanine 
(the C-G bond) are always bound to each other. The triple C-G bond is stronger than the 
double A-T bond (see Figs. 3-2 and 3-4). This relationship of purines and pyrimidines is 
immutable, except for the replacement of thymine by uracil (U) in RNA (see below), and is 
the basis of all subsequent technical developments in the identification of matching fragments 
of nucleic acids (see below). The term base pairs (bp) is frequently used to define one 
matching pair of nucleotides and to define the length of a segment of double-stranded DNA 
Thus, a DNA molecule may be composed of many thousands of base pairs. It is of critical 
importance to realize that the sequence of the purine-pyrimidine base pairs varies significantly, 
in keeping with the encoding of the genetic message, as will be set forth below. 




spiral staircase 



Backbone Rungs of the ladder Backbone 

t ' \ 

sugar Adenine = Thymine sugar 

phosphate phosphate 

sugar Guanine = Cytosine sugar 



Figure 3-2 Fundamental structure of DNA shown as a twisted ladder {left). The 
principal components of the backbone of the ladder and of its rungs are shown on the 
right. It may be noted that the triple bond between purine (guanine) and the pyrimidine 
(cystosine) is stronger than the double bond between adenine and thymine. 
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Figure 3-3 Schematic representation of the backbone of DNA and the direction of 
synthesis from 5' to 3', indicating positions of carbons in the molecules of sugar. 



Packaging 

DNA is an enormous molecule. If fully unwrapped, it measures about 2 meters in length (but 
only 2 nm in diameter) in each single human nucleus. Each of the 46 individual human 
chromosomes contains from 40 to 500 million base pairs and their DNA is, therefore, of variable 
length, but still averages about 3 cm. It is evident, therefore, that to fit this gigantic molecule into 
a nucleus measuring from 7 to 10 pm in diameter, it must be folded many times. The DNA is 
wrapped around nucleosomes, which are cylindrical structures, composed of proteins known 
as histones (see Fig. 4-5). This reduces the length of the molecule significantly. Further 
reduction of the molecule is still required, and it is assumed that DNA forms multiple coils and 
folds to form a compact structure that fits into the space reserved for the nucleus. An apt 
comparison is with a wet towel that is twisted to rid it of water and then folded and refolded to 
form a compact ball. The interested reader is referred to a delightful book by Calladine and 
Drew (1997) that explains in a simple fashion what is known today about packaging of DNA. Be 
it as it may, individual chromosomes are 
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composed of multiple coils of DNA as shown in Figure 4-5 and discussed at some length in 
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Figure 3-4 Two steps in the DNA ladder. The ladder is shown opened out (uncoiled). 



Replication 

The elegance and simplicity of the structure of the double helix resolved the secret of 
inheritance of genetic material. Because the double helix is constructed of two reciprocal, 
matching molecules, it was evident to Watson and Crick that DNA replication can proceed in 
its own image: the double helix can be compared to a zipper, composed of two corresponding 
half-zippers. Each half of the zipper, or one strand of DNA serves as a template for the 
formation of a mirror image, complementary strand of DNA (Fig. 3-5). Hence, the first event in 
DNA replication must be the separation of the two strands forming the double helix. The precise 
mechanism of strand separation is still not fully understood, although the enzyme primase plays 
an important role. Afurther complication in the full understanding of the mechanisms of DNA 
replication is that the DNA molecule is wrapped around nucleosomes (see above). How the 
nucleosomal DNA is unwrapped and replicated, or for that matter transcribed (see below), is not 
fully understood as yet. 

The synthesis of the new strand, governed by enzymes known as DNA polymerases, follows 
the fundamental principle of A-T and G-C pairing bonds and the principle of the 5'-to-3’ 
direction of synthesis, as described above. Because the two DNA strands are reciprocal, the 
synthesis on one strand is continuous and proceeds without interruption in the 5'-to-3' direction. 
The synthesis on the other strand also follows the 5'-to-3' rule but must proceed in the opposite 
direction; hence, it is discontinuous (Fig. 3-6). The segments of DNA created in the 
discontinuous manner are spliced together by an enzyme, ligase. When both strands of DNA 
(half-zippers) are duplicated, two identical molecules (fullzippers) of DNA are created. This 
fundamental basis of DNA replication permits the daughter cells to inherit all the characteristics 
of the mother cell that are vested in the DNA Replication of DNA takes place during a well- 
defined period in a cell's life, the synthesis phase or S-phase of the cell cycle, before the 
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onset of cell division (mitosis) (see Chap. 4). By the time the cell enters the mitotic division, 
the DNA in the form of chromosomes; is already duplicated. Each chromosome is composed of 
two identical mirror-image DNA segments (chromatids), bound together by a centromere (see 
Fig. 4-2). It is evident that the mechanism of DNA replication is activated before mitosis, when 
the chromosomal DNA is not visible under the light microscope, because the chromosomes are 
markedly elongated. 

The exact sequence of events leading to the entry of the cell into the mitotic cycle is still under 
investigation and may be influenced by extracellular signals (see review by Cook, 1999). 

Whatever the mechanism, a family of proteins, cyclins, causes the resting cell to enter and 
progress through the phases of the cell division. For a review of cyclins, see the article by 
Darzynkiewicz et al (1996) and Chapter 4. 

It is also known that the replication of the chromosomes 
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is not synchronous and that some of them replicate early and others replicate late. It has 
been proposed that those genes common to all cells that ensure the fundamental cell functions 
and “housekeeping” chores, replicate during the first, early part of the S-phase, whereas the 
tissue-specific genes replicate late. During other phases of the cell cycle, the mechanism of 
DNA replication is either inactive or markedly reduced. 
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Figure 3-5 The DNA molecule and its manner of replication. Each base pair and its 
respective sugar-phosphate helix comes apart and induces synthesis of its complementary 
chain. 
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Figure 3-6 Events in DNA replication. Following the 5' to 3' direction of synthesis, one 
strand replicates in a continuous manner, whereas the complementary second strand 
replicates in shorter segments that must be bound (spliced) together by the enzyme, ligase. 



If one considers that during the lifetime of the human organism, DNA replication occurs billions 
of times and that even single errors of replication affecting critical segments of DNA may 
result in serious genetic damage that may lead to clinical disorders (see below), it is evident 
that efficient mechanisms of replication control must exist that will eliminate or neutralize such 
mistakes. Work on bacteria suggests that there are at least three controlling steps in DNA 
replication: selection of the appropriate nucleotide by DNA polymerases; recognition of the 
faulty structure by another enzyme; and finally, the repair of the damage. In eukaryotic cells, the 
molecule p53, which has been named “the guardian of the genome,” appears to play a 
critical role in preventing replication errors prior to mitosis. As discussed in Chapter 6, cells 
that fail to achieve DNA repair will be eliminated by the complex mechanism of apoptosis. 
Regardless of the technical details, it is quite evident that these control mechanisms of DNA 
replication in multicellular organisms are very effective. 

Transcription 

Once the fundamental structure of DNA became known, attention turned to the manner in which 
this molecule governed the events in the cell. There were two fundamental questions to be 
answered: Flow were the messages inscribed in the DNA molecule (i.e., how was the genetic 
code constructed?) and how were they executed? It became quite evident that the gigantic 
molecule of DNA could not be directly involved in cell function, particularly in the formation of 
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the enzymes and other essential molecules. Furthermore, it had been known that protein 
synthesis takes place in the cytoplasm and not in the nucleus; hence, it became clear that an 
intermediate molecule or molecules had to exist to transmit the messages from the nucleus to 
the cytoplasm (see Fig. 3-8A). The best candidate for this function was RNA. RNAs, or the 
ribose nucleic acids, were analyzed at about the same time that the basic chemical makeup 
of DNA became known, in the 1940s. They were known to differ from DNA in three 
respects: the sugar in the molecule was ribose, instead of deoxyribose (hence the name); 
the molecule, instead of being double-stranded, was singlestranded (although there are some 
exceptions to this rule, notably in some viruses composed of RNA); and the thymine was 
replaced by a very similar base, uracil (Fig. 3-7). Several forms of RNA of different molecular 
weight (relative molecular mass) were known to exist in the cytoplasm and the nucleus. 

However, they appeared to be stable and, accordingly, not likely to fulfill the role of a 
messenger molecule that had to vary in length (and thus in molecular mass) 
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to reflect the complexity of the messages encoded in the DNA. The molecule that was finally 
identified as a messenger RNA, or mRNA, was difficult to discover because it constitutes only 
a small proportion of the total RNA (2% to 5%) and because of its relatively short life span. The 
DNA code is transcribed into mRNA with the help of specific enzymes, transcriptases (Fig. 3- 
8A). The transcription, which occurs in the nucleus on a single strand of DNA follows the 
principles of nucleotide binding, as described for DNA replication, except that in RNA, thymine 
is replaced by a similar molecule, uracil (Fig. 3-8B). As will be set forth in the following section, 
each molecule of mRNA corresponds to one specific sequence of DNA nucleotides, encoding 
the formation of a single protein molecule, hence a gene. Because the size of the genes 
varies substantially, the mRNAs also vary in length, thus in molecular mass, corresponding to 
the length of the polypeptide chain to be produced in the cytoplasm. The identification of and, 
subsequently, the in vitro synthesis of mRNA proved to be critical in the further analysis of the 
genetic code and in subsequent work on analysis of the genetic activity of identifiable 
fragments of DNA For a recent review of this topic, see articles by Cook (1999) and Klug 
( 2001 ). 
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Figure 3-7 Fundamental structure of an RNA molecule and its sugar, ribose. 
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Figure 3-8 A. A diagrammatic representation of the principal nuclear and cytoplasmic 
events in protein formation. B. DNA replication, transcription, and translation for the amino 
acid methionine and for the stop codons, indicating the beginning and the end of protein 
synthesis. Note the replacement of thymine (T) by uracil (U) in mRNA It is evident that the 
process could be reversed; by unraveling the composition of a protein and its amino acids, 
it is possible to deduce the mRNA condons, thereby the DNA code for this protein. 
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In experimental in vitro systems, the bonds between the two chains of DNA can be broken 

by treatment with alkali, acids, or heat. Still, the affinity of the two molecules is such that once 
the cause of the strand separation is removed, the two chains will again come together, an 
event known as reannealing. These properties of the double-stranded DNA became of major 
importance in gene analysis and molecular engineering. 
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MOLECULAR TRAFFIC BETWEEN THE NUCLEUS AND THE CYTOPLASM 

Although it has been known for many years that the nucleus is provided with gaps in its 
membrane, known as the nuclear pores (see Chap. 2 and Fig. 2-26), the precise function of 
the nuclear pores was unknown. Within recent years, some light has been shed on the makeup 
of the nuclear pores and on the mechanisms of transport between the nucleus and the 
cytoplasm. The nuclear pores are composed of complex molecules of protein that interact with 
DNA(Blobel, 1985; Gerace et al, 1978; Davies and Blobel, 1986). Further, specific molecules 
have been identified that assist in the export of mRNAand tRNAfrom the nucleus into the 
cytoplasm and import of proteins from the cytoplasm into the nucleus across the nuclear pores. 
Proteins, known as importins and exportins have now been identified as essential to the 
traffic between the nucleus and the cytoplasm. The interested readers are referred to a 
summary article by Pennisi (1998) and the bibliography listed. 

The Genetic Code 

The unraveling of the structure of DNAand its mechanism of replication was but a first step in 
understanding the mechanism 
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of cell function. The subsequent step required deciphering the message contained in the 
structure. Since neither the sugar molecule nor the phosphate molecule had any specificity, the 
message had to be contained in the sequence of the nucleotide bases (i.e., A,G,T, and 
C), as was suggested by Watson and Crick shortly after the fundamental discovery of the 
structure of the DNA It was subsequently shown that the DNA code is limited to the 
formation of proteins from the 20 essential amino acids. The specific sequences of 
nucleotides that code for amino acids could be defined only after the pure form of the 
intermediate RNA molecules could be synthesized. 

By a series of ingenious and deceptively simple experiments, it was shown that different 
clusters of three nucleotides coded for each of the 20 amino acids, the primary 
components of all proteins. Asequence of three nucleotides, encoding a single amino acid, is 
known as a codon (Fig 3-9B). A series of codons, corresponding to a single, defined 
polypeptide chain or protein, constitutes a gene. As discussed in the foregoing, the code 
inscribed in the DNA molecule is transcribed into mRNA, which carries the message into the 
cytoplasm of the cell wherein protein formation takes place (see Fig. 3-8A). The code, 
therefore, was initially defined, not as a sequence of nucleotides in the DNA but as it was 
transcribed into RNA. Because there are four nucleotides in the RNA molecule (AG,C, and U, 
substituting for T), and three are required to code for an amino acid, there are 4 X 4 X 4 or 64 
possible combinations. These combinations could be established by using synthetic RNA 
Thus, the identity of the triplets of nucleotides, each constituting a codon, could be precisely 
established (see Fig. 3-9). It may be noted that only one amino acid, methionine, is coded 
by a unique sequence, AUG (adenine, uracil, guanine). It was subsequently proven that the 
codon for methionine initiated the synthesis of a sequence of amino acids constituting 
a protein. In other words, every protein synthesis starts with a molecule of methionine, 
although this amino acid can be removed later from the final product. Al other amino acids are 
encoded by two or more different codons. There are also three nucleotide sequences that are 
interpreted as termination or “stop” codons. The stop codons signal the end of the synthesis 
of a protein chain. 
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Figure 3-9 Examples of codons for several amino acids using the first, second, and 
third position of the mRNA nucleotides, uracil (U), cytosine (C), adenine (A), and 
guanine (G). It may be noted that 19 amino acids have multiple codes (for example, 
tyrosine [Tyr] is coded by UAU and UAC). There is but one code for methionine (Met), 
namely AUG, indicating the beginning of a protein. There are several stop codons, 
indicating the end of protein synthesis (see Fig. 3-8 B). 



Once the RNAcode was established, it became very simple to identify corresponding 
nucleotide sequences on the DNAby simply substituting U(racil) by T(hymine). This reciprocity 
between DNAand RNAbase sequences was also subsequently utilized in further molecular 
biologic investigations (see Fig. 3-8B). 

MECHANISMS OF PROTEIN SYNTHESIS OR mRNA TRANSLATION 

The unraveling of the genetic code and the unique role of proteins still did not clarify the 
precise mechanisms of the synthesis of proteins, often composed of thousands of amino acids. 

It is now known that protein formation, 
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or translation of the message encoded in mRNA, takes place in the cytoplasm of the cell 
and requires two more types of RNA One of these is ribosomal RNA (rRNA), which accounts 
for most of the RNA in the cell and is the principal component of ribosomes. These granulelike 
organelles are each made up of one small and one larger spherical structure separated by a 
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groove, thus somewhat resembling a Russian doll (see Fig. 2-17). The third type of RNAis the 
transfer RNAs (tRNA), which function as carriers of the 20 specific amino acids that are 
floating freely in the cytoplasm of the cell. For a recent review of this topic, see the article by 
Cech (2000). 
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Figure 3-10 Schematic representation of protein formation. mRNA glides along a 
groove separating the two components of the ribosome in the 5' to 3' direction. Each codon 
is matched by an “anticodon,” carried by transfer RNA(tRNA), that one-by-one brings the 
amino acids encoded in mRNA to form a chain of amino acids or a protein. The protein 
synthesis begins with methionine and stops with a stop codon. Once the tRNA has 
delivered its amino acid, it is returned to the cytoplasm to start the cycle again. AA= amino 
acid. 



The synthesis of proteins occurs in the following manner: mRNA, carrying the message for the 
structure of a single protein, enters the cytoplasm, where it is captured by the ribosomes. The 
synthesis is initiated by the codon for methionine. The mRNA slides along the ribosomal 
groove, and the sequential codons are translated one by one into specific amino acids 
that are brought to it by tRNA. Each molecule of tRNA with its specific anticodon 
sequences that correspond to the codons, carries one amino acid (Fig. 3-10). In translation, 
the same principles apply to the matching (pairing) of nucleotides and the direction of 
synthesis, from the 5' to the 3' end, as those discussed for DNA replication and transcription 
into mRNA. The amino acids attach to each other by their carboxy (COOFI) — and amino (NH) 

— terminals and form a protein chain. The synthesis stops when a stop codon is reached and 
the protein is released into the cytoplasm where it can be modified before use or export (Fig. 3- 
11 ). The specific sequence of events in translation is currently under intense scientific scrutiny. 
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It is generally assumed that inaccurate translation results in formation of a so-called nonsense 
protein that is apparently recognized as such and is either not further utilized or is destroyed. 
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Figure 3-11 The basic structure of a protein. All amino acids have one acid 
carboxymolecule ending COOH and one amino ending C-NH2. The end product is usually 
coiled and folded in a manner that ensures its specificity. AA= amino acid. 



UNIQUENESS OF PROTEINS AS CELL BUILDING BLOCKS AND BASIS OF 
PROTEOMICS 

The deciphering of the genetic code led to one inescapable conclusion: The code operates 
only for amino acids, hence proteins, and not for any other structural or chemical cell 
components, such as fats or sugars. Therefore, proteins, including a broad array of 
enzymes, are the core of all other cell activities and direct the synthesis or metabolism of all 
other cell constituents. By a feedback mechanism, the synthesis and replication of the 
fundamental molecules of DNAor RNAare also dependent on the 20 amino acids that form the 
necessary enzymes. Proteins execute all events in the cell and, thus, may be considered the 
plenipotentiaries of the genetic messages encoded in DNAand transmitted by RNA One must 
reflect on the extraordinary simplicity 
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of this arrangement and the hierarchical organization that governs all events in life. 

The recognition of the unique role of proteins in health and disease has led to the recently 
developed techniques of proteomics. The purpose of proteomics is the identification of 
proteins that may be specific for a disease process, leading to development of specific drugs 
(Liotta and Petricoin, 2000; Banks et al, 2000). Micromethods have been developed that allow 
protein extraction and identification from small fragments of tissue (Liotta et al, 2001). 

DEFINITION OF GENES 

Once the mechanism of protein formation had been unraveled, it became important to know 
more about the form in which the message is carried in the DNA Briefly, from a number of 
studies, initially with the fruit fly, Drosophila, then with the mold, Neurospora, it could be 
demonstrated that each protein, including each enzyme, had its own genetic determinant, called 
a gene. With the discovery of the structure of DNAand the genetic code, a gene is defined as 
a segment of DNA, carrying the message corresponding to one protein or, by 
implication, one enzyme. The significance of the precise reproduction of the genetic 
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message became apparent in 1949, when Linus Pauling and his colleagues suggested that 
sickle cell anemia, characterized by a deformity of the shape of red blood cells, was a 
“molecular disease.” The molecular nature of the disease was established some years later by 
Ingram, who documented that sickling was due to the replacement of a single amino acid 
(hence, by implication, one codon in several hundred) in two of the four protein chains in 
hemoglobin. This replacement changes the configuration of the hemoglobin molecule in 
oxygen-poor environments, with resulting deformity of the normal spherical shape of red blood 
cells into curved and elongated structures that resemble “sickles.” More importantly still, sickle 
cell anemia behaves exactly according to the principles of heredity established by Mendel. If 
only one parent carries the gene, the offspring has a “sickle cell trait.” If both parents carry the 
gene, the offspring develops sickle cell anemia. 

To carry the implications of these observations still further, if the genes are segments of nuclear 
DNA then they should also be detectable on the metaphase chromosomes. With the 
development of specific genetic probes and the techniques of in situ hybridization, to be 
described below, the presence of normal and abnormal genes on chromosomes could be 
documented. 

REGULATION OF GENE TRANSCRIPTION: REPRESSORS, PROMOTERS, AND 
ENHANCERS 

Once the principles of the structure, replication, and transcription of DNA were established, it 
became important to learn more about the precise mechanisms of regulation of these events. If 
one considers that the length of the DNA chain in an Escherichia coii bacterium is about four 
million base pairs and that of higher animals in excess of 80 million base pairs, these molecules 
must contain thousands of genes. How these genes are transcribed and expressed became the 
next puzzle to be solved. Since it appeared that the fundamental mechanisms could be the 
same, or similar, in all living cells regardless of species, these studies were initially carried out 
on bacteria, which offered the advantage of very rapid growth under controlled conditions that 
could be modified according to the experimental needs. 

The French investigators, Jacob and Monod, demonstrated that the functions of genes 
controlling the utilization of the sugar, lactose, by the bacterium E. coii, depended on a 
feedback mechanism. The activation or deactivation of this mechanism depended on the 
presence of lactose in the medium. It was shown that the transcription of the gene encoding an 
enzyme (P-galactosidase) that is necessary for the utilization of lactose, is regulated by an 
interplay between two DNA sequences, the repressor and the operator. The activation or 
deactivation of the repressor function is vested in the operator. The repressor function, which 
prevents the activation of the family of enzymes known as transcriptases, is abolished at the 
operator site by the presence of lactose. In the absence of lactose, the repressor gene is active 
and blocks the transcription at the operator site. Once the operator gene is derepressed by the 
lactose, the p-galactosidase gene is transcribed into the specific mRNA by the enzyme, RNA 
polymerase. The activity of the RNA polymerase is triggered by two sequences of bases 
located on the DNA molecule, one about 35 and the other about 10 bases ahead of the site of 
transcription, or upstream. These DNA sequences are known as promoters and they are 
recognized by RNA polymerase as a signal that the transcription may begin downstream, that 
is, at the first nucleotide of the DNA sequence (gene) to be transcribed (Fig. 3-12). The 
promoter is provided with specific, very short nucleotide sequences, or “boxes,” which 
regulate still further the transcription of DNA into mRNA (the discussion of boxes will be 
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expanded below). The terms upstream and downstream have become incorporated into the 
language of molecular biology to indicate nucleotide sequences located on the DNA either 
before or after a specified gene or sequence of genes. 

In the cytoplasm of the bacterium, the mRNA which contains the sequences necessary for the 
transcription of the p-galactosidase, together with two other adjacent genes (providing 
additional enzymes necessary for utilization of lactose by the bacterium) is transcribed into the 
three enzymes. The name operon was given to a sequence of the three genes that are 
transcribed into a single mRNA molecule. Subsequently, similar regulatory mechanisms were 
observed for other genes on prokaryotic cells, confirming the general significance of these 
observations. 

The search for similar mechanisms in eukaryotic cells began soon thereafter. An important 
difference in mRNA between prokaryotic and eukaryotic cells must be stressed: The mRNA of 
prokaryotes contains information for several proteins (an operon), whereas the mRNA of 
eukaryotic cells 
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encodes only one protein, an advantage in the manipulation of this molecule. 
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Figure 3-12 Regulation of the lac (lactose) gene expression in Escherichia coli. The 

transcription of the genes identified as operon, encoding the enzymes for utilization of the 
sugar lactose, may be blocked at a site named operator by a protein, the repressor, which 
is deactivated in the presence of lactose. The transcription of DNA into mRNA is initiated at 
a site known as the promoter region. The boxes indicate specific nucleotide sequences 
necessary in activation of RNA polymerase, the enzyme essential in transcription (see Fig. 
2-14). 



Promoter sequences were also recognized in DNA of nucleated, eukaryotic cells. In such 
cells, two sequences of bases are known to occur: one of them is the so-called CAT box (a 
sequence of bases 5'-CCAAT-3', occurring about 80 to 70 bases upstream, and the other, a 
TATA box (a sequence of 5'-TATAAA-3'), occurring about 30 to 25 bases upstream. The RNA 
polymerase activity begins at base 1, and it continues until the gene is transcribed. The end of 
the transcription is signaled by another box composed of AATAA sequence of bases (Fig. 3- 
13). At the beginning of the transcription, at its initial or 5' site, the mRNA acquires a “cap” of 
methylguanidine residues, which presumably protects the newly formed molecule from being 
attacked by RNA-destroying enzymes (RNAses). At the conclusion of the transcription, the 
mRNA is provided with a sequence of adenine bases (AAAAA), also known as the poly-A tail. 
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As always, the RNAis transcribed from the 5' end to the 3' end. 

Subsequently, other DNA sequences important in the transcription of eukaryotic genes, named 
enhancers, were also discovered. It is of interest that the enhancer sequences may be located 
at a distance of several hundred or even several thousand nucleotides from the promoter site. It 
has been proposed that the enhancer sequences act through DNA loops that may bring 
together the enhancer site and the gene, thereby facilitating its transcription. Subsequently, the 
discovery of specific promoter and enhancer sequences of DNA played a major role in 
molecular engineering (see below). 
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Figure 3-13 A schematic representation of mammalian gene transcription showing 
the position of specific nucleotide sequences (boxes) regulating the beginning and 
the end of the transcription process (see text). Asequence of adenine bases (poly-A tail) is 
added to mRNA upon completion of the transcription of a mammalian gene. The mRNA is 
composed of inactive sequences (introns) and active sequences (exons). The introns are 
excised and the exons combined (spliced) to form the final mRNA message. 



Exons and Introns 

Once the principles of the genetic code were unraveled, it was thought that the transcription of 
DNA into mRNA was a simple one-on-one process, resulting in a direct copy of the DNA 
sequence into an RNA message. It was noted first in 1977 that the message contained in DNA 
genes was, in fact, substantially modified: the mRNA was often considerably shorter than 
the anticipated length, with segments that were removed before RNA left the nucleus. The 
removed segments of RNA were called introns, and their removal required “splicing” or 
bringing together the remaining portions of RNA, called exons (Fig. 3-14). 

The presence of introns complicated enormously the sequencing of mammalian genes, 
because it became evident that large portions of the DNA molecule, although transcribed, 
carried no obvious message for translation in the cytoplasm. In fact, there is still much 
speculation but little factual knowledge about the reasons for the existence of introns. It is 
generally thought that they exercise some sort of a regulatory function in RNA transcription. 

Additional studies documented that only a small proportion (about 5%) of human DNA 



129/3276 



Koss' Diagnostic Cytology & Its HistopathoflDgldc6fflfi^|s5(hjBdion: Fundamental Concepts of Molecular Biology 



encodes for protein genes. The remaining bulk of the molecule represents non-coding 
DNA. Whether this is an appropriate term for the DNA with completely unknown function and 
significance, remains to be seen. It is of interest, though, that in the noncoding DNA there are 
repetitive nucleotide sequences (also known as short tandem repeats, inverted repeats, 
and interspersed repeats) that vary from individual to individual and thereby allow genetic 
fingerprinting (see below). 
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Figure 3-14 Schematic representation of transcription of mammalian genes. The 

splicing of the exons is shown in the bottom part of the diagram. 



REGULATION OF GENE EXPRESSION IN EUKARYOTIC CELLS 

Athough some of the mechanisms of gene encoding, transcription, and translation have been 
elucidated, the understanding of the fundamental principles of gene expression in complex 
multicellular organisms is still very limited. Some progress has been reported in the studies of 
embryonal differentiation in a small worm, caenorhabditis elegans, which has only 19,000 
genes that have been sequenced (Ruvkun and Hobert, 1998). Whether these studies are 
applicable to humans remains to be seen. It is important to realize that a zygote, composed of 
the DNA complements of an ovum and a spermatozoon, contains all the genes 
necessary to produce a very complex multicellular organism. It is quite evident that, 
during the developmental process, genes will be successively activated and deactivated until a 
mature, highly differentiated organism has reached its full development. It is known now that 
unneeded cells are eliminated by the process of apoptosis (see Chap. 6). Still, how these 
events are coordinated is largely unknown at this time. Here and there, a gene or a protein is 
discovered that interacts with other genes and proteins and activates or deactivates them. 
Recently, double-stranded RNA molecules, known as interference RNA (iRNA), have been 
shown to play an important role in gene deactivation (Ashrafi et al, 2003; Lee et al, 2003). 
These relationships are increasingly complex and constantly changing, suggesting that the 
blueprint for gene expression in eukaryotic cells in complex multicellular organisms 
has not been discovered as yet and most likely will remain elusive for some time. It could be 
documented, though, that given appropriate circumstances, all genes can be found in every 
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cell. This has been dramatically documented by cloning of sheep and other animals using 
nuclei derived from mature epithelial cells. Long-suppressed genes can also be activated 
in instances when growth processes are deregulated, for example, in cancer. It is of interest 
that certain genetic sequences that are likely to be involved in gene activation appear to be 
highly preserved (conserved) in all multicellular organisms, including insects, strongly 
supporting the concept of unity of all life. 

If these issues of activation of genes during fetal development may be considered esoteric, 
there is unfortunately equally limited understanding of gene expression in mature cells. It is 
known that the transcription of mRNA can occur only off one strand of the DNA molecule. 

Hence, the separation of the two strands of DNA is an important prerequisite of gene 
transcription. Clearly, during the normal activity of a mature cell, all active genes necessary for 
the cell's survival and function must be activated and deactivated at one time or another. It is 
generally assumed that the separation and reannealing of the DNA strands and gene 
expression and repression are due to various proteins binding to each other and to specific 
regions of the DNA but the precise knowledge of these events currently eludes us. 

RESTRICTION ENZYMES (ENDONUCLEASES) AND SEQUENCING OF DNA 

Although considerable progress was made in understanding the mechanisms of gene 
transcription after the discovery of the principles of the genetic code and the repressor- operator 
system in bacteria, the exact makeup of genes (i.e., the sequence of codons) in eukaryotic cells 
remained a mystery, largely because of the enormous size of the DNA molecules. Although 
chemical methods for analysis and sequencing of DNA were known, they shed little light on the 
arrangement of bases, hence on the genetic code of genes. The discovery of restriction 
enzymes (endonucleases) in the 1970s significantly modified this situation. Restriction 
enzymes that were capable of breaking down foreign DNA were discovered in bacteria. 

It soon became evident that these enzymes were highly specific because they recognized 
specific sequences of nucleotides or clusters of nucleotides and, thus, could be used to 
cut DNA at specific points. The enzymes were named after the bacterium of origin. For 
example, the bacterium E. co/i gave rise to the enzyme EcoRI, Bacillus am y/o/iquefaciens to 
enzyme BamYW, Haemophilus influenzae to enzyme Hind\\y and so on. These enzymes 
recognize a sequence of four, six, or eight bases in the corresponding complementary chains of 
DNA (Fig. 3-15). Because the frequency of sequential four bases is greater than that of six or 
eight bases, the enzymes recognizing a sequence of four bases will cut the DNA into smaller 
pieces than the enzymes recognizing a larger number of sequential nucleotides. Moreover, 
because the two chains of DNA are complementary, they may or may not be cut in precisely the 
same location. As a consequence, the ends of the DNA fragment of the two chains may be of 
unequal length, leading to the so-called sticky ends, in which one chain of the DNA will be 
longer than the other. This feature of DNA fragments obtained by means of restriction enzymes 
is most helpful in recombinant DNA studies (see below). 

The restriction enzymes were the tools needed to cut very large molecules of DNA into 
fragments of manageable sizes that could be further studied. Perhaps the most important 
initial observation was that DNA fragments could be separated from each other by 
creating an electric 
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field (electrophoresis) in loosely structured gels of the sugar, agarose. The DNA 
fragments are separated from each other by size, with smaller fragments moving farther in 
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the gel than larger fragments, and by configuration, with circular fragments moving farther 
than the open fragments of similar length. The fragments can be visualized by staining with 
DNA-specific dyes, such as ethidium bromide, or by radioactive labels that give 
autoradiographic signals on photographic plates (Fig. 3-16). Thus, a restriction map of a DNA 
molecule can be produced. Each fragment can also be removed intact from the gel for chemical 
analysis or sequencing of bases or transferred onto nitrocellulose paper for hybridization 
studies with appropriate probes (see below). Several methods of analysis of the DNA 
fragments, known as base sequencing were developed, leading to precise knowledge of the 
sequence of bases. The technical description of sequencing methods is beyond the scope of 
this summary, and the reader is referred to other sources for additional information. Currently, 
automated instruments are used for this purpose. 
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Figure 3-15 Restriction enzymes (endonucleases). Two examples of these enzymes, 
one cutting DNA at the same location in both chains (left, arrows ) and the other at different 
points in the DNA chains (right, arrows) leaving “sticky ends” (right). 



132/3276 



Koss' Diagnostic Cytology & Its HistopathoBbgldc6fflfi^|s5(hjBdion: Fundamental Concepts of Molecular Biology 




Figure 3-16 Restriction map of a circular molecule of DNA (right) on agarose gel 

(left). The figure indicates that size of DNA fragments in thousands of bases (kilobases; 
kb). DNA fragments of various length labeled with radioactive compound may be sorted out 
by electrophoresis on agarose gels. 



SEQUENCING OF THE ENTIRE HUMAN GENOME 

In 2001, simultaneous publications from the International Human Genome Project (Lander et 
al, 2001) and a commercial company, Celera (Ventner et al, 2001), nearly three billion 
nucleotide codes, organized in about 30,000 genes, became known. The promise of this 
tedious and time-consuming 
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work is the identification of genes and gene products (proteins) specific for disease processes 
(Collins, 1999; Collins and Guttmacher, 2001; McKusick, 2001; Subramanian et al, 2001; 

Guttmacher and Collins, 2002; Collins et al, 2003). Because the number of individual proteins is 
probably in the millions, it is quite evident that each of the ±30,000 human genes is capable of 
producing multiple proteins. Anumber of techniques such as proteomics (discussed above) 
and microarray techniques (briefly discussed below and in Chap. 4) address these issues 
under the global name of transitional research. 

REVERSE TRANSCRIPTASE AND COMPLEMENTARY DNA(cDNA) 

As described above, the transcription of the message from DNA to RNAis governed by a family 
of enzymes, known as transcriptases. An important advance in molecular biology was the 
discovery of the enzyme reverse transcriptase by Baltimore and by Temin and Mizutani in 
1970, based on observation of replication mechanisms of RNA viruses (retroviruses) in 
mammalian cells. The genetic code of these viruses is inscribed in their RNA and they cannot 
replicate without the help of the host cells. The viruses were shown to carry a nucleotide 
sequence encoding an enzyme, reverse transcriptase, which allows them to manufacture a 
single chain of complementary DNA(cDNA) from the nucleotides available in the host 
cell. The single-stranded cDNA which contains the message corresponding to the viral RNA 



133/3276 




Koss' Diagnostic Cytology & Its HistopathoflDgldc6fflfi^|s5(hjBdion: Fundamental Concepts of Molecular Biology 

genome, is copied into a double-stranded DNAby an enzyme, DNA polymerase. This double- 
stranded DNA molecule is incorporated into the native DNA of the host cell. The host cell is 
now programmed to produce new viral RNA. The viral RNA, upon acquiring a new capsule 
at the expense of the host membrane, becomes the reconstituted virus, which leaves the host 
cell to start the reproductive cycle in another cell (Fig. 3-17). 
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Figure 3-17 Function of reverse transcriptase in a replication of RNA viruses 
(retroviruses). The enzyme, expressed in the virus, utilizes nucleotides of the host cell to 
manufacture a chain of DNA corresponding to the viral RNA (complementary or cDNA). 

The cDNA is replicated to form a double-stranded DNA, which is incorporated into the host 
DNA, thereby ensuring the replication of viral RNA 



Reverse transcriptase became an extremely important enzyme in gene identification and 
replication in vitro. By means of reverse transcriptase, any fragment of RNA can now be fitted 
with a corresponding strand of synthetic cDNA, based on the customary principle of matching 
of nucleotides, described earlier. This fragment of cDNA can be duplicated by DNA polymerase 
into a double-stranded fragment that can be incorporated into a plasmid or other vector for 
replication in bacteria (see below). Conversely, any fragment of DNA, after separation of the 
strands, can be matched with synthetic RNA which can be utilized to produce a single- or 
double-stranded cDNA by means of reverse transcriptase. 



IDENTIFICATION OF GENES 

The understanding of the relationship between DNA, mRNA, and proteins has greatly facilitated 
the task of identifying DNA sequences that code for various cell products. By starting with 
phages and viruses, and then moving on to eukaryotic cells, the science of identification and 
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sequencing of genes with a known final product became relatively simple. The starting point 
can now be a sequence of amino acids in a protein product, such as a hormone. An isolated or 
synthetic mRNAin the presence of reverse transcriptase and a mixture of nucleotides can be 
used to construct a segment of the cDNA corresponding to the protein product encoded by the 
mRNA(Fig. 3-18). Considerable progress in techniques of gene identification has been applied 
to the Fluman Genome Project (see above). 

The sequencing of nucleotides in a DNA fragment allows a computer-based comparison with 
other known sequenced genes. Such comparisons enable the identification of genes across 
various species of eukaryotic cells to determine partial or complete preservation of genes in 
various stages of evolution. With the use of this technique, it could be shown that certain genes 
may be common to humans and many other 

P.67 

species, including insects, suggesting a common ancestry to all multi-cellular organisms. 
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Figure 3-18 Sequence of events in the identification of genes. The beginning point is 
the isolation of a protein with a known function, for example, a hormone. This, in turn, leads 
to the identification of the appropriate mRNA to form a suitable cDNA and, finally, 
replication of the double-stranded cDNA in a DNA replication system, such as a plasmid. 
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Computer analysis of sequences of nucleotides also permits the search for genes or DNA 
sequences, not interrupted by the boxes, indicating the beginning and the end of mRNA 
transcription. Such uninterrupted sequences of DNA are called open-reading frames. Each 
reading frame encodes an appropriate mRNA and a protein product. Open-reading frames 
represent a convenient way of presenting genetic components of smaller DNA molecules, such 
as viruses (see Chap. 1 1 ). 

DNA CLONING IN VITRO 

The concept of reproducing genes, or fragments of genes, in vitro was based on a number of 
discoveries and technical improvements that have occurred since the late 1970s, most of them 
briefly summarized in the preceding pages. The ability to separate fragments of DNA by 
restriction enzymes, their identification, and their sequencing represented the first step in this 
chain of events. It has been known for many years that bacteria possess not only genetic DNA 
but also “parasitic” DNA, known as phages and plasmids. The DNA of these parasitic 
species replicates within the bacteria, exploiting the machinery of DNA replication belonging to 
the host cell. The sequencing of phages and plasmids, and their dissection by restriction 
enzymes, led to a marriage of these methods and to molecular engineering. 

It was mentioned previously that some restriction enzymes cut DNA chains in an uneven 
manner, leaving “sticky” ends. This observation became of capital importance in DNA 
replication in vitro or for DNA cloning. Thus, it became possible to insert into a plasmid or 
phage a piece of DNA from another species, utilizing the “sticky ends” as points of fusion. 

The replication in bacteria of the engineered parasitic DNA would ensure that the DNA insert 
would also be replicated. Plasmid DNA particularly proved to be extremely useful because it 
can be cut with the same enzymes as the DNA of other species, again with formation of sticky 
ends. Afurther useful feature of the plasmids was their role in conferring on bacteria resistance 
to specific antibiotics. It was of particular value that the plasmid known as pBR322 carried 
two drug-resistance genes, one to ampicillin and one to tetracycline. Thus, by inserting a 
fragment of foreign DNA into the plasmid at the site of one of the resistance genes, this gene is 
destroyed. By inserting the plasmid into a bacterium, one could expect the plasmid to multiply. 
However, the growth of the bacteria, hence that of the plasmids and of the foreign DNA could 
be controlled by the antibiotics represented by the intact gene (Fig. 3-19). This option proved to 
be 
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important in ensuring that cloned DNA would not somehow escape and infect or contaminate 
other cells and perhaps even multinucleated organisms. This issue was of major concern at the 
onset of this research. 
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Figure 3-19 Principles of DNA cloning using the plasmid pBR322, which has two 
antibiotic-resistant sites to the drugs ampicillin (A) and tetracycline (T). If only one of these 
two sites is used for insertion of DNA fragments (in this example, site A), the growth of the 
carrier bacterium can still be controlled by tetracycline. The figure does not show the 
restriction enzymes used in cutting the DNA 
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Figure 3-20 Model of a DNA construct in which promoter and enhancer sequences 
from another source were incorporated into the plasmid. Any nucleotide sequence, 
either derived from an actual DNA or synthesized in vitro, can be inserted. In this manner, 
almost any gene or portion of a gene can be replicated and studied. 



Many different plasmids are now in use. They can be selected for specific purposes and their 
nucleotide sequences can be matched with the sequences of the DNA fragments to be 
inserted. The use of this technique and its variants, notably the use of the so-called cosmids, 
combining some sequences of phages with plasmids, created a system in which any fragment 
of DNA could be grown in bacteria in a test tube. With the passage of time, techniques 
became available for constructing artificial sticky ends of DNA segments, thereby enlarging still 
further the options of this technology. To ensure replication, such fragments can also be 
provided with promoter or enhancer sequences taken from another, irrelevant fragment of DNA 
— for example, of viral origin. Constructs composed of various fragments of DNA or cDNAcan 
be made and inserted into plasmids or vectors (Fig. 3-20). If one considers that fragments of 
DNA may represent specific genes, responsible for the synthesis of important proteins, the 
mechanism was in place for in vitro production of useful products such as hormones. Other 
applications of this technology include specific sequences of DNA which may now be isolated 
or synthesized and reproduced in vitro, to serve as probes for testing for the presence of 
unknown genes or infectious agents, such as viruses. 



METHODS OF GENE ANALYSIS AND IDENTIFICATION 

Southern Blotting 

The analysis of genes can be carried out by a blotting technique devised in 1975 by E. M. 
Southern. The technique is based on the principle of DNA replication, described above, 
specifically the immutable and constant association of purine and pyrimidine bases (G-C and A- 
T), and the constant direction of replication or transcription from the 5' to 3' end. The 
assumption of the technique is that two fragments of DNA will unite (anneal, hybridize), if they 
have complementary nucleotide sequences. 



To perform the examination, fragments of DNA, obtained by means of one or more restriction 
enzymes, are separated by electrophoresis in the loosely structured gel of the sugar, 
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agarose. The fragments, which travel in the gel according to size (the smaller the fragment, the 
farther it will move), are then treated with an alkaline solution or by heating, which breaks the 
bonds between the two chains of the double-stranded DNA The gels, with the DNA fragments, 
are then treated with an appropriate buffer solution, and the DNA is transferred by capillary 
action to a matching sheet of nitrocellulose paper (or another suitable solid support material). 

The fragments of DNA on the nitrocellulose paper, representing an exact replica of the 
fragments separated in agarose gel, can be processed in several different ways. They can be 
removed for sequencing or gene amplification technique (see below), or they can be 
annealed (matched) with “probes” to determine whether the unknown DNA contains normal 
or abnormal genes or fragments of genes of known identity. The probes can be a DNA 
fragment of known composition, purified mRNA or cDNAthat is labeled, by a process known 

as nick translation, with a radioactive compound such as phosphorus (P^). The bands can 
also be visualized by labeling the DNA probe with a fluorescent compound, such as ethidium 
bromide. Most DNA probes used today are fairly short specific sequences of DNA, rarely 
numbering more than several hundred nucleotides. After washing in a suitable solution to 
remove surplus probe and to ensure appropriate conditions of correct matching of the probe 
with the target DNA, the nitrocellulose paper is placed on top of a photographic plate, which 
must be developed in a darkroom for several days until the radioactivity of the label produces a 
signal on the photographic emulsion. After developing, the plate will reveal the position of the 
fragments of DNA matching the probe (Fig. 3-21). The fragment can be assessed in several 
ways: its size can be determined by comparison with a control probe of known size (usually 
expressed in thousands of nucleotide bases; kb). The expression of a gene can be studied 
according to the size of the radioactive band when compared with controls: a broader band 
will usually signify a higher activity of the gene, a narrower band indicates a reduced activity. 

Gene abnormalities can be detected by slight differences in the position of a gene on the blot. 

These comparisons are usually carried out by presenting the findings side by side as a series 
of lanes, each lane corresponding to one analysis (Fig. 3-22). 

Southern blotting can be carried out under stringent and nonstringent conditions, defined by 
the experimental setting, such as salinity, temperature, and the size of the DNA probe. Under 
stringent conditions, the annealing of the nucleotides (hybridization) will take place only if the 
test molecule and the probe have precisely matching nucleotide sequences. Under 
nonstringent conditions, the annealing of the fragments may occur when the nucleotide 
sequences are approximate, and precise matching of fragments is not necessary. To give an 
example from an area of importance in diagnostic cytology, the presence of human 
papillomaviruses (HPV), in general, may be determined by hybridization of cellular DNA with 
a cocktail of probes 
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under nonstringent conditions. Under these circumstances, all HPVs have a sufficient number 
of similar nucleotide sequences to attach to the unknown DNA. If, however, the search is for a 
specific viral type, the hybridization must be performed under stringent conditions (see Chap. 

11 ). 
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Figure 3-21 Principles of Southern blotting (developed by E.M. Southern, 1975). Kb 
indicates kilobases, the size of DNA fragments in a blot. 



Dot (Spot) Hybridization 

Dot hybridization is a variant of the Southern technique in which the target DNA is not treated 
with endonucleases but placed in minute amounts (spotted) onto a filter membrane and 
denatured by heat or treatment with alkali. The probe is labeled as described above, hybridized 
to the filter, and an autoradiograph is obtained. The procedure, requiring only minute amounts 
of target DNA, may serve as a screening test against several labeled probes. This technique 
and its variants have been adopted to the DNA and RNA microarrays that allow the 
recognition of known genetic sequences in unknown DNA or RNA. 




Figure 3-22 Southern blot of a human papillomavirus type 18, carried in the plasmid 
pBR322. Left. Sites of activity of several restriction enzymes (EcoRI, Hind\\\, BamYW) and 
the size of DNA fragments in kiobases (Kb). Right. Southern blot in which the DNA 
fragments were separated according to size (indicated on the right). The “lanes” are 
numbered on top to compare the sizes of fragments in several experiments. 
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In Situ Hybridization With DNA Probes 

The technique of in situ hybridization is based on principles similar to Southern blotting. Instead 
of hybridizing fragments of DNA on a piece of nitrocellulose paper, the target of in situ 
hybridization is naturally occurring DNA, which may be present in the nucleus of a cell 
or on a chromosome. The purpose of in situ hybridization is to identify the presence of a 
gene or another DNA sequence (such as a DNA virus) and to identify its location within the 
target. The procedure shares some of the basic principles with Southern blotting: The target 
DNA such as nuclei in a tissue section, a smear, or a chromosomal preparation, must be 
denatured to separate the two strands. This is usually done by heating or by treatment with 
hydrochloric acid or alkali. The nick-translation labeled DNA probe is then applied under 
stringent or nonstringent conditions (Fig. 3-23). The label may be a radioactive compound 
(such as radioactive phosphorus, sulfur, or tritiated thymidine) that requires the use of a 
photographic emulsion to document 



a positive reaction, after a lengthy period of incubation. The probe may also be labeled with a 
biotin-avidin complex that allows the demonstration of the results by a 
peroxidaseantiperoxidase reaction visible under a light microscope. The latter procedure is 
much faster but less sensitive than the radioactive label. The results of in situ hybridization of a 
cervical biopsy with DNA from HPV types 11 and 16 are shown in Chapter 11 . Hybridization of 
entire chromosomes or their segments, to determine the location of a particular gene, is 
based on essentially the same principles. The technique of fluorescent in situ hybridization 
(FISH) is particularly valuable in this regard. Using probes labeled with fluorescent compounds, 
the location of chromosomes in the interphase human nucleus (see Fig. 2-31 and Chap. 4), 
the number of chromosomes in a nucleus, the presence of specific genes or gene 
products could be identified. By the use of specific probes, the abnormalities of chromosomes 
in several forms of human cancer could be defined and documented (see Chap. 4). 
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Figure 3-23 Principle of in situ hybridization (ISH). The strands of the nuclear DNA are 
separated and matched with a probe that may be DNA or mRNA The reannealing will 



141 / 3276 



Koss' Diagnostic Cytology & Its HistopathoflDgldc6fflfi^|s5(hjBdion: Fundamental Concepts of Molecular Biology 
occur when the nucleotide sequences of the native DNAand of the probe match. 



In Situ Hybridization With mRNA 

mRNAmay also be used in a hybridization system in situ. The mRNA probes may be 
developed from known DNA sequences of genes or segments of genes, or they may be 
synthesized according to a sequence of amino acids in a protein molecule. Such mRNA probes 
will hybridize with corresponding sequences of DNA or cDNA. By using the ingenious 
techniques of molecular engineering, it is also possible to construct “antisense” probes that 
will hybridize with mRNA and thus reveal the presence of actively transcribing genes in 
situ. Such probes have been used by Staler and Broker to detect mRNA of HPV in tissue 
sections from the uterine cervix (see Chap. 11 ). 

Restriction Fragment Length Polymorphism 

Restriction fragment length polymorphism (RFLP) is another form of gene analysis by Southern 
blotting, which is carried out by comparing the effects of selected restriction endonucleases on 
unknown DNA The addition or subtraction of a single nucleotide in the DNA sequence 
may alter significantly the recognition sites for the endonucleases. Therefore, a 
comparison of the size and position of the DNA fragments on the blot may reveal similarities or 
differences between the DNAs from two individuals. It has been documented that each person 
has unique DNA sequences that are akin to genetic fingerprints, based mainly on the 
structure of noncoding DNA (see above). The RFLP technique has found application in human 
genetics, in the study of cancer, and in forensic investigations. A somewhat similar technique is 
based on the individual variations in short tandem repeats in noncoding DNAand is known as 
variable number tandem repeats, which is used for purposes similar to those for the RLFP 
technique. 

Northern Blotting 

Northern blotting (so named to differentiate it from Southern blotting, but not named after a 
person) is based on techniques of isolation of RNA from rapidly frozen cells or tissues. 

Among the RNAs, a small proportion (about 2%) represents mRNA that can be identified and 
separated by virtue of its poly-A tail (see above). The RNA of interest is separated by size, 
using agarose gel electrophoresis (with a denaturing solution, such as formamide, added), 
and transferred to a stable medium, such as nitrocellulose paper, by techniques similar to those 
used in Southern blotting. The subsequent hybridization procedure is carried out with 
appropriate probes, which may consist of DNA or cDNA The identification of the 
appropriate mRNA molecule indicates that a gene (ora DNA sequence) is not only 
present but has also been actively transcribed, information that cannot be obtained by 
Southern blot analysis. The issue is of importance in the presence of several similar or related 
genes, as it allows the identification of a gene that is active under defined circumstances. 

Western Blotting 

Western blotting is a technique similar to Southern and northern blotting, except that the 
matching involves proteins 
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rather than DNA or RNA and the probe is an antibody to a given protein. The technique 
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has been particularly useful in determining whether an antibody produced in an experimental 
system matches the amino acid sequence of an antigen and as an important step in 
quantitation of gene products by means of an antigen-antibody reaction. The technique may 
also be used to determine whether a protein produced in vitro matches a naturally occurring 
protein. The technique is important in verifying the purity of synthetic genes and gene products. 

As an example, a hormone produced in vitro may be matched with a hormone extracted from an 
appropriate tissue. See above comments on proteomics. 

Polymerase Chain Reaction 

In 1985, Saiki and associates described a new ingenious method of DNA amplification — now 
known as polymerase chain reaction or PCR. 

The principle of the technique is the observation that if the synthesis by DNA polymerase of a 
segment of double-stranded DNA is initiated at both ends of the two complementary chains, the 
replication will continue until the entire molecule is reproduced. In order to initiate this synthesis, 
three conditions have to be met: 

1 . The two chains of the target DNA molecule must be separated by heating. 

2. The complementary two fragments of DNA or primers, corresponding to known 
sequences of nucleotides at the two ends of the target molecule, also known as flanking 
sequences, must be synthesized. Thus, the exact sequence of nucleotides of the target 
molecule has to be known in advance. 

3. DNA polymerase capable of functioning at high temperatures (heat-stable polymerase) 
must be identified. 

The most commonly used, Taq polymerase, was derived from a bacterium, Themes 
aquaticus, living in a hot geyser in Yellowstone National Park. The concept was proposed by an 
employee of a then-fledgling biotechnology company, the Cetus Corporation. The employee, 

Kary B. Mullis, received a Nobel Prize for his contribution (Rabinow, 1995). 

The principle of the method is as follows: a target segment of double-stranded DNA is heated 
to separate the complementary strands. Two short sequences of synthetic DNA, known as 
primers, each corresponding to a specific flanking nucleotide sequence of the target DNA are 
mixed with the target DNA. The primers mark the beginning and the end of the synthesis. 

The primers bind (anneal) to the flanking sequence of the target DNA, based on the 
fundamental principles of DNA replication. In the presence of a “soup” containing a mixture of 
the four essential nucleotides (A,C,G,T), the heat-stable polymerase copies the sequence of 
nucleotides in each strand of the target DNA (a function known as primer extension), creating 
two double-stranded DNA sequences. The mixture is then cooled to facilitate reannealing of 
the complementary DNA strands. In the second cycle, the two copies of the newly created 
double-stranded DNA are again separated (denatured) by heat, thus creating four copies. 

Using the same primers and the same procedure, the four copies will become eight. The 
procedure may be repeated over several cycles of amplification. Each cycle consists of primer 
extension, denaturation, and reannealing, conducted under various conditions of time and 
temperature. After 20 cycles, the number of copies of the original target DNA fragment will grow 
to over 1 million (exactly 1,048,576 copies). The results are tested by Southern blotting 
techniques for the presence of the now-amplified segment of DNA which may be a gene or a 
part thereof. The technique may reveal the presence of a single copy of a small gene, such as 
an infectious virus, that would not be detectable by any other technique (Fig. 3-24). 
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The PCR technique and its variants has found many applications in various aspects of basic 
and forensic and even agricultural sciences. The technique can be applied to individual cells in 
situ and to the identification of DNA viruses and of bacteria. The ability to amplify minuscule 
amounts of DNA will continue to find an ever-increasing applicability in various fields, 
particularly with introduction of new thermostabile polymerases, improved machines, known as 
thermal cyclers, and full automation of the process. 

Denaturing Gradient Gei Electrophoresis 

Aclever way of discovering mutations in genes is the technique of denaturing gradient gel 
electrophoresis (DGGE). The concept of this technique is based on differences in melting 
point (separation) of DNA double-stranded chains in acrylamide gels mixed with a 
denaturing solution of urea and formamide. Agradient of the denaturing solution is created in 
an acrylamide gel, and the gene product obtained by polymerase chain reaction (PCR) is 
electrophoresed in the gel for about 8 hours. The gel is stained with ethidium bromide, which 
binds to DNA, and the bands are visualized under ultraviolet light. DGGE separates DNA 
fragments based on nucleotide sequence rather than size. Differences as small as a 
single nucleotide change will result in bands in a different position on the gel. 

Monoclonal and Polyclonal Antibodies 

The subject of monoclonal and polyclonal antibodies and their role in immunochemistry in 
tissues and cells is considered in detail in Chapter 45. Because the techniques were developed 
as a consequence of progress in molecular biology and because they are particularly useful in 
diagnostic histopathology and cytopathology, they will be briefly described here. 

In 1975, Kohler and Milstein observed that splenic B lymphocytes of mice, programmed to 
produce a specific antibody by injection of an antigen, could be fused with cultured 
plasma cells. Plasma cells are, in essence, living factories for the production of 
immunoglobulins. As a consequence 
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of the fusion, they produced the specific immunoglobulin or antibody expressed in the B 
lymphocytes. It is now possible to generate antibodies of varying degrees of specificity to 
almost any protein. As an example, highly specific antibodies to various species of intermediate 
filaments can be produced and used to localize and identify the presence of such filaments by 
immunohistologic and immunocytologic techniques. Another example is the production of 
antibodies to cell surface antigens (CDs) and various oncogene products that are important in 
classification of lymphomas and leukemias. Specific cell products, such as hormones, may also 
be identified by this technique. 
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Figure 3-24 Polymerase chain reaction, a method of amplification of specific segments 
of DNA. Diagrammatic presentation of the first three cycles of polymerase chain reaction in 
the presence of a heatresistant DNA polymerase in a suspension of nucleotides A T, G, 
and C. The initiating sequences of DNA or primers are constructed in vitro, according to 
the desired known flanking sequences of nucleotides, identifying a gene or a part thereof. 
The mixture is cooled after each cycle. The result, after three cycles, is a short segment of 
DNA, limited by primers, that can be reproduced in several million copies after 30-40 
cycles. The segment can be tested for the presence of a normal gene of a modification 
thereof. 



APPLICABILITY OF MOLECULAR BIOLOGY TECHNIQUES TO DIAGNOSTIC 
CYTOLOGY 

Several of the developments discussed in the preceding pages proved to be of direct or indirect 
value in diagnostic cytology. Molecular biologic techniques can be applied to the identification 
of many infectious agents, such as bacteria, fungi, and viruses. Of special significance in 
diagnostic cytology has been the characterization of HPV that may play a role in the genesis of 
cancer of the uterine cervix, vagina, vulva, and the esophagus, discussed in appropriate 
chapters. The techniques of in situ hybridization have been applied in a number of diagnostic 



145/3276 



Koss' Diagnostic Cytology & Its HistopathoBbgldc6fflfi^|s5(hjBdion: Fundamental Concepts of Molecular Biology 

situations, for example, in the determination of the presence of various types of HPV in 
precancerous lesions and cancer of the various organs wherein this virus may be carcinogenic. 

The molecular techniques have also shed some light on the events in human cancer, which are 
discussed in Chapter 7. In this regard, in situ hybridization techniques with probes to 
chromosomes or chromosomal segments have been shown to be of value in documenting 
chromosomal and genetic abnormalities useful in the diagnosis and prognosis of cancer cells in 
various situations, discussed in appropriate chapters. Southern blotting techniques have 
been applied, among others, to the study of apoptosis, an important phenomenon in diagnostic 
cytology (see Chap. 5). There are also several diagnostic applications of Southern blotting, for 
example, to the diagnosis of malignant lymphoma and nasopharyngeal carcinoma in aspirated 
samples of lymph nodes (Lubinski et al, 1988; Feinmesser et al, 1992). In situ amplification 
techniques, applicable to cytologic preparations, were discussed by O'Leary et al (1997). The 
presence of various oncogenes and tumor suppressor genes can be documented and 
quantitated by immunocytologic techniques, and some of these approaches have been 
shown to be of prognostic significance (for example, in breast cancer, see Chap. 29). 

Proteomic evaluation, previously applied to tissues 
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(Liotta et al, 2001; Paweletzet al, 2001) can also be applied to archival cytologic material 
(Fetsch et al, 2002). 

Other techniques that may be applicable to cytologic samples are microarrays and 
comparative genomic hybridization. As briefly mentioned above, the DNA microarray 
technology is the consequence of the human genome project and is based on principles of in 
situ hybridization. DNA of unknown samples is hybridized against a large array of known 
genes, placed on a slide or a plate. The matching genes may be identified by a color reaction 
and the collection and analysis of observations requires a computer analysis (recent reviews 
include Golub et al, 1999; Khan et al, 2001; Welsh et al, 2001). King and Sinha (2001) 
described at length the promise and pitfalls of this technology. Macoska (2002) discussed the 
utility of DNA microarrays as a tool in prognosis of human cancer (see also Chap. 4). 

Comparative genomic hybridization compares the unknown DNA against a metaphase 
karyotype of known cells. Excess or loss of chromosomes or their segments is analyzed in a 
computerized microscope (Kallioniemi et al, 1992; Maoir et al, 1993; Flouldsworth and Chaganti, 

1994; Wells et al, 1999; Baloglu et al, 2001) (see also Chap. 4). 

Immunocytochemistry is discussed in Chapter 45. 

THOUGHTS FOR THE FUTURE 

The question of whether molecular biology will soon provide answers to the question, “How 
cells function?” is difficult to answer at this time. It is evident that the fundamental questions 
pertaining to the role of DNA RNA, and proteins in cell function and heredity have been 
answered to some degree within the last 50 years. There remain, however, many questions of 
mechanisms of the interplay and the relationship among an ever-growing number of genes and 
proteins that somehow manage to keep the healthy cell working as a harmonious whole. A 
special puzzle of interest to the readers of this book is the sequence of events in cancer, 
discussed in Chapter 7. For many reasons, the issue is complicated because many of the 
genes implicated in cancer also participate in the life events of normal cells, such as DNA 
replication and cell cycle regulation. Some years ago, I compared the present status of 
molecular biology research to a swarm of woodpeckers, each attempting to identify a worm (by 
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analogy, a protein). It would be difficult, if not impossible, to attempt to understand how the tree 
grows by a synthesis of the knowledge gained by the entire swarm of woodpeckers (Koss, 

1989). 

The great chemist, Erwin Chargaff, who contributed significantly to Watson and Crick's 
discovery of DNA structure, had this to say in an article in Science published in 1971: 

“In the study of biology, the several disciplines exist next to each other, but they do not come 
together. We have no real idea of the inside of a living cell, for we lack what could be called a 
science of compressed spaces; we lack a scientific knowledge of a whole; and while a sum can 
be subdivided, this is not true of a whole. I know full well, science progresses from the simple to 
the complex. I, too, have been taught that one must begin at the bottom; but shall we ever 
emerge at the top?” 

Appendix 



GLOSSARY OF TERMS COMMONLY USED IN MOLECULAR BIOLOGY 

AAAA 



sequence of adenine molecules terminating the chain of mRNA(poly-Atail) 


allele: 


an alternative form of a gene 


alternative splicing: 


a regulatory mechanism by which variations in the incorporation of a gene's exons, or coding 
regions, into mRNA lead to the production of more than one related protein, or isoform 


amplification: 


enhancement of a gene(s), usually using a specific enzyme 


annealing: 


fusion of two matching molecules (chains) of DNA or DNA with mRNA 


anticodon: 


a sequence of nucleotides in transfer RNA(tRNA), corresponding to a codon sequence for one 
specific amino acid, inscribed on mRNA; a mechanism used in translation of mRNA messages 
into proteins 


antioncogene(s): 


genes believed to counteract the effect of oncogenes (see Rb gene and p53) 


antisense: 


a strand of DNA that has the same nucleotide sequence as mRNA a strand of mRNA that has 
the same nucleotide sequence as DNA 


AUG (adenine, uracil, guanine): 


a base sequence (codon) on mRNA signaling the amino acid methionine, which initiates the 
synthesis of a protein 


Baml: 


widely used restriction enzyme (endonuclease), derived from Bacillus amyloliquefaciens (see 
restriction endonuclease) 
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base pairs: 



matching pairs of nucleotides, such as adenine (adenine-thymine or guanine-cytosine) in the 
two matching strands of the DNA molecule 


bases: 


colloquial designation of pyridine and pyrimidine bases (nucleotides) that enter into the makeup 
of nucleic acids (see base pairs) 


box: 


a sequence of nucleotides of known constant composition serving as a signal for the beginning 
of a transcriptional event or the end of it 


capsid: 


protein coat of viral particles 


chromosome walking: 


a technique that allows a rapid search for gene identification and location on a chromosome 


codon: 


a sequence of three nucleotides encoding one amino acid; the code is usually expressed in 
RNA nucleotide sequences (see AUG) 


construct: 


a DNA or RNA vector, such as a plasmid or a virus, engineered to express a nucleotide 
sequence. The constructs are often provided with promoters and enhancers borrowed from 
other cells or viruses 


cDNA (complementary DNA): 


a molecule of DNA complementary to RNA usually generated by means of the enzyme reverse 
transcriptase 


cut (DNA): 


synchronous breaking (cutting) of both chains of a double-stranded molecule of DNA usually 
accomplished with the help of one of the enzymes known as restriction enzymes or 
endonucleases. The cut may result in smooth ends or uneven (sticky) ends of the DNA chain. If 
a single strand of DNA is affected, the term “nick” is used (see nick translation) 


denaturing gradient gel electrophoresis (DGGE): 


a method of discovering genetic changes based on differences in DNA melting (separation of 
double-stranded DNA into single chains) caused by substitution of one or more bases 


dot blot: 


analysis of several small samples of DNA of unknown makeup to identify the presence of a 
known DNA or mRNA sequence, such as the presence of a virus 


downstream: 


an event happening before the main biologic event. For example, a signal encoded in the DNA 
that has to be recognized by the appropriate enzyme before transcription into mRNA can take 
place. The concept is based on the constant direction of all transcriptional events in nucleic 
acids from the 5' end of the sugar molecule to the 3'. A downstream event, therefore, must 
happen in the direction of the 3' end of the molecule. The exact opposite is true of an 
“upstream” event 
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EcoRI: 



a widely used restriction enzyme (endonuclease), derived from Escherichia co/i (see restriction 
endonuclease) 


enhancers: 


DNA sequences known to promote transcription 


episome (episomal): 


a circular gene or gene fragment, not integrated into host DNA 


exon: 


the sequence of nucleotides in a gene corresponding to a final product (e.g., a protein [Cfr. 
intron]) a region of a gene that codes for a protein 


five prime (5 1 ): 


pertains to carbon location in the molecule of sugar (ribose, deoxyribose) in the chain of nucleic 
acids. The synthesis of nucleic acids (and their products) always proceeds in the direction of 5' 
to 3', the 3' indicating the location of carbon in the sugar molecule to which the next molecule of 
phosphate attaches itself 


frame-shift mutation: 


the addition or deletion of a number of DNA bases that is not a multiple of three, thus causing a 
shift in the reading frame of the gene. This shift leads to a change in the reading frame of all 
parts of the gene that are downstream from the mutation, often leading to a premature stop 
codon and, ultimately, to a truncated protein 


gene: 


a segment of DNA (or corresponding RNA) encoding one protein; each gene is composed of 
exons and introns 


gene library: 


a collection of genes, usually corresponding to one species, such as human 


genetic engineering: 


methods of gene replacement, substitution or propagation in vitro, serving to produce 
molecules of biologic value, such as hormones, to treat genetic diseases, or to modify plant or 
animal species 


genome: 


a collection of genes representing the entire endowment of an organism, also reflected in a 
single normal cell (other than a gamete). Not all of the genes inscribed in the DNA will be active 
at any given time 


genomics: 


the study of the functions and interactions of all the genes in the genome, including their 
interactions with environmental factors 


heteroduplex: 


double-stranded DNA wherein the two strands are of different origin, such as two individuals of 
the same species, or two related, but not identical, DNA viruses. Such strands often show 
differences in nucleotide sequences that will prevent their perfect match. The matching or 
absence thereof can be visualized under the electron microscope under stringent and 
nonstringent conditions. The method is used to document similarities and differences between 
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and among DNA sequences, for example, in typing of DNA viruses, such as the HPV 


heterozygous: 


having two different alleles at a specific autosomal (or X chromosome in a female) gene locus 


homozygous: 


having two identical alleles at a specific autosomal (or X chromosome in a female) gene locus 


initiation codon: 


the sequence of nucleotides indicating the beginning of protein synthesis, usually AUG coding 
for methionine 


intron: 


(intervening sequence): a part of the gene inscribed in DNA that is transcribed into mRNA but 
is excised before the final molecule of mRNA is produced by splicing of exons 


jumping genes: 


transposable segments of DNA accounting for adaptation of some species to environmental 
conditions 


lac (operon): 


a sequence of genes in E. coli, regulating the metabolism of the sugar lactose 


ligase: 


an enzyme binding together fragments of DNA 


linker: 


a segment of DNA (usually synthetic), that contains a nucleotide sequence corresponding to a 
restriction enzyme; used in gene splicing (binding) and in genetic engineering 


melting (DNA): 


separation of the two chains of double-stranded DNA molecule by heat, acid, alkali, or a 
denaturing solution (urea and formamide) 


missense mutation: 


substitution of a single DNA base that results in a codon that specifies an alternative amino 
acid 


motif: 


a DNA-sequence pattern within a gene that, because of its similarity to sequences in other 
known genes, suggests a possible function of the gene, its protein product, or both 


mRNA: 


messenger RNA a link between the DNA and the production of proteins. mRNA is transcribed 
off DNA and translated into a protein molecule 


mutation: 


a spontaneous or artificial change in sequence of nucleotides, resulting in a modified protein 
product 


myc (c-myc): 


an oncogene located in the nucleus of cells 


nick: 



a cut of one of the two chains of DNA This technique is useful in incorporation of one type of 
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DNAinto another 

nick translation: 

a technique for labeling DNAwith radioactive or optical probes, such as biotin, useful in in situ 
hybridization and similar analytical procedures 

nonsense: 

a genetic message that does not correspond to a viable or useful product (e.g., a protein) that 
is often destroyed 

nonsense mutation: 

substitution of a single DNAbase that results in a stop codon, thus leading to the truncation of 
a protein 

northern blotting (analysis): 

analysis of unknown RNA performed by electrophoretic isolation of RNA sequences and 
subsequent match with a molecule (gene) of RNA or DNAof known composition 

oncogene(s): 

growth-promoting genes, initially identified in rodent cells and found to be essential in malignant 
transformation of these cells by RNA viruses. Many similar genes have since been identified in 
virtually all multicellular organisms, including humans (see protooncogenes and myc and ras, 
as examples of oncogenes) 



operator: 


a region of DNAthat regulates the use of a metabolite (e.g., a sugar), working in tandem with a 
repressor gene 


operon: 


a metabolic function of the cell, usually associated with repressor and operator genes 


P 2I: 


protein product of ras oncogene; another p21 is a protein associated with p53 


palindrome: 


a self-complementary nucleotide sequence, often recognized by restriction enzymes 


phage: 


a bacterial virus, the target of some of the initial studies on DNA still very useful in molecular 
engineering 


p53: 


a gene known as “guardian of the genome,” essential in prevention of DNA transcription errors 
and often mutated in various forms of human cancer 


plasmid: 


a self-replicating fragment of circular, double-stranded DNA living in bacteria and sometimes 
conferring upon the host organism the ability to resist antibiotics. Extensively used in various 
forms of molecular manipulation and engineering 


point mutation: 


the substitution of a single DNAbase in the normal DNA sequence 


polyadenylation: 


sequence of adenyl molecules (see AAAA...) 
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polymerase: 



enzymes that mediate the assembly of DNAor RNA fragments into a cohesive larger unit 


polymerase chain reaction (PCR): 


a technique of DNA amplification, based on the use of initiation sequences of a gene (a primer) 
and a thermostable DNA polymerase. The technique can be used to reproduce innumerable 
copies of a single DNA segment or a gene 


promoter: 


a sequence of DNA nucleotides signaling the attachment of RNA polymerase as an initiation 
point of mRN A transcription; such sequences are extensively used in molecular engineering 


protooncogene: 


widely disseminated growth-regulating genes; when overexpressed or modified (mutated), 
these genes become oncogenes 


ras: 


an oncogene commonly found in many malignant human tumors 


Rb gene (retinoblastoma gene): 


a regulatory gene first identified in patients with the rare malignant tumor of the retina. Its 
congenital absence leads to the development of the tumor; hence, this is the prime example of 
an antioncogene 


regulatory gene: 


genes regulating the function of other genes, such as a repressor gene 


restriction endonuclease: 


enzymes of bacterial origin that cut nucleic acids at the site of a predetermined nucleotide 
sequence (see examples under Baml and EcoRI) 


restriction enzyme: 


colloquial for restriction endonuclease restriction fragment length 


restriction fragment length polymorphism (RFLP): 


a technique of comparison of DNA fragments obtained by restriction enzymes, very useful in 
identification of individuals and extensively used in comparative genetics and forensic work 


reverse transcriptase: 


an enzyme capable of translating a message inscribed in RNA into the corresponding DNA 
known as complementary DNA(cDNA) 


RNA splicing: 


attachment of exons to each other, after excision of introns, to form a final molecule of mRNA 
The term is also used in other forms of gene manipulation 


rRNA: 


ribosomal RNA, mainly produced in the nucleolus and a component part of ribosomes, 
cytoplasmic organelles, essential in the formation of proteins 


single-nucleotide polymorphism (SNP): 


a common variant in the genome sequence; the human genome contains about 10 million SNPs 


Southern blotting: 


a method of DNA analysis first described by Southern (1975), in which unknown DNAis cut into 
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fragments. The fragments are isolated by electrophoresis, transferred to a suitable paper, and 
matched for the presence of known genes with labeled probes that are usually DNA but can 
also be RNA 


start codon: 


see initiation codon 


sticky ends: 


double-stranded DNA in which one chain is longer than the other, often the result of cutting with 
a restriction enzyme. This technique is very useful in combining two disparate molecules of 
DNA 


stop codon: 


a codon that leads to the termination of a protein rather than to the addition of an amino acid. 
The three stop codons are TGA TAA and TAG 


suppressor gene: 


a gene that prevents another gene's expression 


template: 


a term used to define a nucleotide sequence in DNA, to be transcribed into RNA 


tRNA: 


transfer RNA essential in synthesis of proteins (see anticodon) 


transcription: 


formation of RNA from a DNA 


transduction: 


transfer of genetic material from one cell to another by means of a vector, such as a virus 


transfection: 


transfer (infection) of DNA or RNA from one cell to another by means of a vector 


translation: 


the mechanism of protein formation from messages inscribed in RNA 


vector: 


an agent, such as a plasmid or a virus, capable of multiplication in bacteria or other living cells, 
that can be used to transfer genetic information encoded in DNA or RNA 


western blotting: 


matching of protein molecules, one of known composition and the other unknown. The method 
is extensively used in testing the specificity of immunologic reagents (such as antibodies) with 
an antigen of known makeup 
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4 

Principles of Cytogenetics* 

Linda A. Cannizzaro 

The events governing the developmental evolution of cells as they progress from the fertilized 
ovum to mature tissues are not fully understood as yet. It is known, however, that this process 
involves extensive proliferation and differentiation of embryonal stem cells and their 
selective destruction by programmed cell death or apoptosis (see Chap. 6). These 
processes are governed by messages inscribed in the nuclear deoxyribose nucleic acid (DNA) 

(see Chap. 3). The key feature in cell proliferation is cell division. 

There are two forms of cell division, one occurring during the formation of gametes (e.g., the 
spermatozoa and ova), known as meiosis, and the other affecting all other cells (somatic 
cells) known as mitosis. The purpose of meiosis is to reduce the number of 
chromosomes by one half (in humans from 46 to 23) in the gametes, so that the union of a 
spermatozoon and an ovum (fertilization of the ovum) will result in an organism that carries the 
full complement of chromosomes (in humans, 46) in its somatic cells. The purpose of mitosis 
is the reproduction of somatic cells, each carrying the full complement of chromosomes. Both 
forms of cell division are discussed in this chapter. 

P.80 

The events encompassing the life of a cell from its birth until the end of the mitotic division are 
known as the cell cycle, during which the genomic identity of the cell, vested in the DNA, 
must be preserved. Molecular genetic technology has considerably advanced our knowledge of 
the processes involved in the progression of the cell cycle. The normal cell cycle has 
developed complex mechanisms for the detection and repair of damaged DNA. Upsetting the 
intricate balance of these cellular processes has dramatic and usually tragic consequences. 
Dysregulation of meiosis oftentimes is manifested as a genetic disorder, while 
dysregulation of mitosis may result in a malignant disorder. 

Since the demonstration of the specificity of chromosomal changes in many disease states and 
their utilization in diagnosis, the cytogenetic aspects of human diseases have become of direct 
concern to the practicing physician. This chapter summarizes the salient features of cell 
division, as well as some of the inherited and malignant conditions that directly result from faulty 
or anomalous events during meiosis and mitosis. Recent introduction of several powerful 
molecular cytogenetic methods has facilitated the identification of chromosomal alterations 
previously irresolvable by high-resolution cytogenetic analysis. These technologies, including 
the recent mapping of the human genome (Caron et al, 2001; International Human Genome 
Sequencing Consortium, 2001; Venter et al, 2001; Peltonen and McKusick, 2001) have 
enormously impacted our knowledge of human genetic disease and the contributions made by 
these innovations will be made evident in the forthcoming narrative. 
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THE CELL CYCLE 

The cell cycle is composed of several phases, which have, for their purpose, the preservation 
of the genomic heritage of the cell to be transmitted to the two daughter cells. 

The phases of the cell cycle are as follows: 

■ Go (resting phase) 

■ Gi (gap 1 ) 

■ S (synthesis) 

■ g 2 (gap 2 ) 

■ M (mitosis) 

The events in the phases of cell cycle are described below. 

Events Preparatory to Cell Division 

Genetic information in the form of DNAis stored within the interphase nucleus in thread-like, 
tangled structures called chromatin. During the process of cell division, the DNA condenses 
and divides into several distinct pairs of linear segments or chromosomes. Each time the cell 
divides, the hereditary information carried in the chromosomes is passed on to the two newly 
formed cells. The DNA in the nucleus contains the instructions for regulating the amount and 
types of proteins made by the cell. These instructions are copied, or transcribed, into 
messenger RNA(mRNA), which is transported from the nucleus to the ribosomes located in the 
cytoplasm, where proteins are assembled (see Chap. 3). 

Most somatic cells spend the greater part of their lives in Go, or the resting phase of the cell 
cycle, because such cell populations are not actively dividing. 

Before a cell can divide, it must double its mass and duplicate all of its contents. This ensures 
the ability of the daughter cells to begin their own cycle of growth followed by division. Most of 
the work involved in preparing for division goes on invisibly during the growth phase of the 
cell cycle, known as the interphase, which comprises the G-j , S, and G 2 phases of the cell 
cycle (Fig. 4-1). The interphase nucleus is the seat of crucial biochemical activities including 
the synthesis of proteins and the duplication of its chromosomal DNA in preparation for 
subsequent cell division. 

Cell Division 

The process of cell division (see Fig. 4-1) can be readily visualized in the microscope and 
consists of two sequential 
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events: nuclear division (mitosis) followed by cytoplasmic division (cytokinesis). The cell- 
division phase is designated as the M phase (M = mitosis). The period between the end of the 
M phase and the start of DNA synthesis is the G 7 phase (G = gap). In Gi , RNAs and proteins, 
including the essential components needed for DNA replication, are synthesized without 
replication of DNA Once all the ingredients are synthesized in G-|, DNA replication takes place 
in the ensuing synthesis phase (S-phase) of the cell cycle. 



165/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



4 - Principles of Cytogenetics 




Figure 4-1 Schematic presentation of the phases of the mitotic cycle. After the M 
phase , which consists of nuclear division (mitosis) and cytoplasmic division (cytokinesis), 
the daughter cells enter the interphase of a new cycle. Interphase begins with the G\ 
phase in which the cells resume a high rate of biosynthesis after a relatively dormant state 
during mitosis. The S phase starts when DNA synthesis begins and ends when the DNA 
content of the nucleus has been replicated (doubled); each chromosome now consists of 
two sister chromatids. The cell then enters the G 2 phase , which ends with the start of 
mitosis (M). The latter begins with mitosis and ends with cytokinesis. During the early part 
of the M phase, the replicated chromosomes condense from their elongated interphase 
state and can be seen in the microscope. The nuclear membrane breaks down, and each 
chromosome undergoes organized movements that result in the separation of its pair of 
sister chromatids as the nuclear contents are divided. Two nuclear membranes then form, 
and the cytoplasm divides to generate two daughter cells, each with a single nucleus. This 
process of cytokinesis ends the M phase and marks the beginning of the interphase of the 
next cell cycle. Although a 24-hour cycle is shown in this figure, cell cycle times vary 
considerably in cells, with most of the variability being in the duration of the G1 phase. 
(Courtesy of Dr. Avery Sandberg, Scottsdale, AZ.) 



The period between the completion of DNA synthesis and the M phase is known as the G 2 
phase, in which additional cellular components are synthesized in preparation for the cell's entry 
into mitosis. The interphase thus consists of successive G-| , S, and G2 phases that normally 
constitute 90% or more of the total cell cycle time (see Fig. 4-1). 
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However, following the completion of mitotic division, most normal somatic cells leave the 
division cycle and enter a postmitotic resting phase (Go), rather than the new Gi phase. 
The unknown trigger mechanism for cell division is activated during the Go phase; as a 
result, the cell enters Gi phase and is committed to divide (Brachet, 1985; Levitan, 1987; 
Therman, 1993; Nicklas, 1997; Hixon and Gualberto, 2000). In fact, experiments have shown 
that the point of no return, known as the restriction point (R point), occurs late in Gi . After 
cells have passed this point, they will complete the rest of the cycle at their normal rate, 
regardless of external conditions. The time spent by cells in G 2 and S phases is relatively 
constant (Brachet, 1985; Gardner, 2000). One interesting exception is the epidermis of the 
skin, in which some cells remain in the G2 phase and thus are able to undergo rapid 
division in wound healing. 

Studies of the cell cycle in yeast have shown that the cell proceeds from one phase of the 
cell cycle to the next by passing through a series of molecular checkpoints (Li and 

Murray, 1983). These checkpoints determine whether the cell is ready to enter into the next 
phase of the cell cycle. These biochemical checkpoints involve the synthesis of new proteins 
and degradation of already existing proteins. Both the S phase and the M phase are activated 
by related protein kinases, which function at specific stages of the cell cycle. Each kinase 
consists of at least two subunits, one of which is cyclin, so named because of its role in the 
cell cycle. There are several cyclins involved in regulating entry into different parts of the cell 
cycle, and they are degraded after serving their purpose or as the cell progresses in the cycle 
and through mitosis (Rudner and Murray, 1996; Amon, 1999; Cerrutti et al, 2000; Gardner, 
2000 ). 

The cells of the human body divide at very different rates. Some cells, such as mature 
neurons, heart and skeletal muscle, and mature red blood cells, do not divide at all or perhaps 
only under most exceptional circumstances. Other cells, such as the epithelial cells that line the 
inside and outside surfaces of the body (e.g., the intestine, lung, and skin), divide continuously 
and relatively rapidly throughout the life of the individual. The behavior of most cells falls 
somewhere between these two extremes. Most somatic cells rarely divide, and the duration of 
their cell cycle may be 100 days or more. 

The average time for the mitotic cycle in most cell types is about 16 hours in human and 
other mammalian cells, distributed as follows: S phase, approximately 6 to 8 hours; Gi phase, 6 
to 12 hours; G 2 phase, 4 hours; and M phase, 1 to 2 hours (see Fig. 4-1). The M, and 
especially Gi, phases may show considerable variation in duration. Most of the available 
evidence suggests that these periods are longer in cancer cells than in benign cells, or at 
least in benign cell populations that normally have a rapid turnover. Many tissues require more 
than 16 hours to complete the mitosis (Miles, 1979). 

Even though it takes a minimum of 7 to 8 hours for a cell to duplicate its entire chromosomal 
DNA individual chromosomes or segments of chromosomes are replicated asynchronously, 
some of them sooner and faster than others. Thus, some chromosomes, or their segments, will 
have completed DNA synthesis before others begin. This asynchrony does not follow a simple 
pattern. The synthesis does not necessarily begin at one point and spread uniformly along the 
chromosome, but may start at several places on a single chromosome, while others wait their 
turn for DNA replication. A reproducible phenomenon is the late replication of one of the two 
X chromosomes in normal female cells or in cells with more than one X chromosome. 
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Apparently, this X chromosome finishes its DNA replication later than any other chromosome in 
the cell. The number of late-replicating X chromosomes is usually one less than the total 
number of X chromosomes in the cell (Moore, 1966; Sandberg, 1983a, 1983b). 

The chromosomes are not visible under the light microscope except during the M phase of 
the cell cycle. The physical condition of the chromosomes during interphase (e.g., G-|, S, and 
G2) is not known, but their invisibility is probably caused, at least in part, to their enormous 
elongation. The older notion that the chromosomes lose their linear structure and become 
dissolved in the nucleoplasm is unlikely, and it introduces unnecessary complexities into the 
analysis of nuclear and chromosomal dynamics (van Holde, 1989; Miles, 1964, 1979). 

Recent studies of chromosomes, utilizing fluorescent probes for chromosomal “painting,” 
suggest that the chromosomes retain their distinct identity during the interphase and that 
their position in the nucleus may be relatively constant throughout the life of the cell (Nagele et 
al, 1995; Koss, 1998). 

CHROMOSOME STRUCTURE 

Soon after a chromosome becomes visible in the early part (prophase) of mitotic division, it is 
already doubled into a pair of identical chromatids (Fig. 4-2A). This pair remains joined 
together at one point, the centromere (also called the primary constriction ). The centromere 
divides the chromosome into a short (from French, p = petit) and a long (q, the next letter 
after p) arm 
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region. The centromere connects the chromosome to the spindle fibers during mitotic division. 
Associated with the centromere are proteinaceous structures, known as kinetechores, to 
which the microtubules of the spindle mechanism are attached (see below). Normal 
chromosome ends are capped by telomeres. These short repeat DNA sequences are 
essential for maintaining the structural integrity of the chromosome by preventing the 
ends from fusing with other chromosomes. If the telomere sequences are lost or broken off, an 
end-to-end fusion of two chromosomes can occur. 




Figure 4-2 A. Schematic presentation of the organization of a human chromosome 
showing short (p), long (q) arms and the centrometre. B. Metaphase of human 
chromosomes exhibiting major coils in the chromatids. (Courtesy of Dr. Charles Miles.) 
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In suitable preparations, it is clear that each chromatid is in the form of a single helical coil, 
sometimes referred to as the major coil (see Fig. 4-2B). In some plant species, the strand 
making up the major coil is composed of smaller or minor coils (i.e., the chromatid is a coiled 
coil). It is to be noted that the minor coil is too large to be the Watson-Crick double helix of 
DNA which may be found as fine strands at the next level of resolution. The chromosomal 
structure at metaphase would consist of two chromatids, each of which is coiled-coiled coil, the 
smallest coil being the DNA double helix. This is a useful model to keep in mind, but it may 
represent an oversimplification. Electron micrographs of whole human chromosomes at 
metaphase exhibit what has been called a folded fiber structure, in which the fibers appear 
sharply but randomly bent or angulated into meshwork (Fig. 4-3). These fibers, assuming there 
is a protein coat, are about the right dimensions for DNA molecules. The evidence appears to 
be consistent with the view that each chromatid represents a tangle of single-strand DNA, 
forming the Watson-Crick double helix (Fig. 4-4) (Dupraw, 1966; Miles, 1964; Bahr, 1977; 

Therman, 1993). There are several theories pertaining to the relationship of the primary DNA 
molecule to the organization of the chromosome and chromosomal banding. An example of this 
proposal by Comings is shown in Figure 4-5. 

STAGES OF MITOSIS 

Living things grow and maintain themselves in large measure because their cells are capable of 
multiplying by successive division. The steps observed in nuclear division are called mitosis or, 
more precisely, mitotic division. Athough the stages of nuclear division are not sharply 
demarcated, they are conveniently referred to as: 

■ prophase 

■ prometaphase 

■ metaphase 

■ anaphase 

■ telophase (Fig. 4-6; see Fig. 4-1) 

Mitosis is a complex process, which includes a break-down of the nuclear envelope, chromatin 
condensation, and chromosome segregation. A brief description of these stages will first be 
given to provide a framework for a more detailed discussion. 

Prophase proceeds from the first visible signs of cell division until the breakdown of the 
nuclear envelope. During the prophase, the chromosomes have condensed and appear as 
long rod-like structures. Prometaphase starts with the disruption of the nuclear envelope. 
Metaphase is the period during which the chromosomes become aligned on the central 
metaphase plate. Anaphase begins with the abrupt separation of the chromatids into 
daughter chromosomes as they proceed toward opposite poles of the cell. Finally, the 
nuclear membrane becomes reconstituted during telophase. 
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Figure 4-3 A. Electron micrograph of a whole mount of a human chromosome 
showing the A-folded fiber structure. The diameter of the fiber is about 20nm (200 A). 
Reduced from the original magnification of *28,000. (Courtesy of Dr. Gunter Bahr, Armed 
Forces Institute of Pathology, Washington, D.C.) 
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Figure 4-4 Idealized schematic drawing of a human submetracentric chromosome 
at metaphase. Portions of the 2 spindle fibers are shown attached to the as yet 
unseparated centrometre. Each chromatid exhibits a major coil but no finer structure can be 
seen with the light microscope. 



Prophase 

The transition from the G2 phase to the M phase of the cell cycle is not a sharply defined event. 
The chromatin, which is diffuse in interphase, slowly condenses into welldefined 
chromosomes, the exact number of which is a characteristic of the particular species; each 
chromosome has duplicated during the preceding S phase and consists of two sister 
chromatids joined at a specific point along their length by the centromere. While the 
chromosomes are condensing, the nucleolus begins to disassemble and gradually 
disappears. 

Within the nucleus itself, the first sign of prophase is an accentuation of the chromocenters 
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and a net-like pattern (Fig. 4-7B; see Fig. 4-6A). Several condensations of chromatin appear at 
the periphery of the nucleus, whence thin strands of chromatin extend into the center of the 
nucleus (see Fig. 4-7B). In females, the inactive X chromosome (Barr body) is larger than other 
chromocenters and is readily visible as a triangular condensation of chromatin (see Fig. 4-7). 

These strands and chromocenters are the condensing chromosomes. By this time, the 
chromosomes are probably doubled into the two chromatids or daughter chromosomes-to-be, 
but the double structure is sometimes difficult to visualize (Fig. 4-8A see Fig. 4-6B). It is more 
evident in chromosomes that have been exposed to colchicine (a drug that inhibits mitosis) and 
which have been treated with hypotonic salt solutions. With the breakdown of the nuclear 
membrane, the chromosomes are quite distinct and are arranged into a circular position, known 
as a hollow spindle or prometaphase rosette (see below) (see Figs. 4-6C and 4-8B,C). 

At the beginning of prophase, the cytoplasmic microtubules, which are part of the 
cytoskeleton (see Chap. 2), disassemble, forming a large pool of tubulin molecules. These 
molecules are then reused in the construction of the main component of the mitotic apparatus, 
the mitotic spindle. This is a bipolar fibrous structure, largely composed of microtubules, that 
assembles initially outside the nucleus. The focus for the spindle formation is marked in most 
animal cells by the centrioles (see Chap. 2). The cell's original pair of centrioles replicates by 
a process that begins immediately before the S phase to give rise to two pairs of centrioles, 
which separate and travel to the opposite poles of the cell (see Fig. 4-6D). Each centriole pair 
now becomes part of a mitotic center that forms the focus for a radial array of microtubules, 
the aster (from Latin, aster = star). Initially, the two asters lie side by side, close to the nuclear 
envelope. By late prophase, the bundles of polar microtubules that interact between the two 
asters (seen as polar fibers in the light microscope) preferentially elongate and appear to push 
the two asters apart along the outer part of the nucleus. In this way, a bipolar mitotic spindle 
is formed. 

Prometaphase 

Prometaphase starts abruptly with the disruption of the nuclear envelope, which breaks up 
into membrane fragments that are indistinguishable from bits of endoplasmic reticulum (see Fig. 

4-6C). These fragments remain visible around the spindle during mitosis. Specialized structures 
called kinetochores develop on either face of the centromeres and become attached to a 
special set of microtubules, called kinetochore fibers or kinetochore microtubules. These 
fibers radiate in opposite directions from the sides of each chromosome and interact with the 
fibers of the bipolar spindle. The chromosomes are thrown into agitated motion by the 
interactions of their kinetochore fibers with other components of the spindle. 

Metaphase 

In phase cinematography of living cells, the chromosomes may be seen to undergo slow to and 
fro writhing movements until they finally become aligned on an equatorial plane. This plane 
bisects the mitotic spindle. As a result of their prometaphase oscillations, arrangement of all the 
chromosomes is such that their centromeres lie in one plane. The kinetochore fibers seem to be 
responsible for aligning the chromosomes halfway between the spindle poles and for orienting 
them with their long axes at right angles to the spindle axis. Each chromosome is held in tension 
at the metaphase plate by the paired kinetochores, with their associated fibers pointing to 
opposite poles of the spindle (see Figs. 4-6D and 4-8D). 
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Figure 4-5 Single-stranded model of chromosomal structure. This suggests that a 
single DNAB protein (DNP) fiber, beginning at one telomere, folds upon itself to build up 
the width of the chromatid and eventually progresses to the opposite telomere without 
lengthy longitudinal fibers, with no central core and no half- or quarter-chromatids. The 
centromere region in this metacentric chromosome is depicted as the result of fusion of two 
telocentric chromosomes, with retention of the individual centromere regions. The fibers at 
the point of chromatid association briefly interdigitate. (Courtesy of Dr. D. Comings.) 
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Figure 4-6 Diagrammatic presentation of human mitotic division. A Mitosis begins 
with accentuation of the network pattern in the nucleoplasm and of the peripheral 
chromatin masses (chromocenters), which are presumably parts of the chromosomes. B. 
Further condensation of the chromosomes, some of which are now distinctly double (i.e., 
divided into chromatids). There is a breakdown of the nuclear membrane. C. At or shortly 
after the breakdown of the nuclear membrane (the conventional end of prophase), the 
chromosomes are arranged on the periphery of an equatorial plate, forming a so-called 
hollow spindle (it is not clear, however, that the spindle has as yet formed). D. The spindle 
at metaphase, with the equatorial plate viewed on end. The relative size of the centrioles, 
shown here as small rods, is exaggerated. E Late anaphase: The chromosomes have 
divided, and the daughter groups form compact masses at the two poles. Afurrow has 
appeared in the cytoplasm, marking the onset of cytokinesis. F. Early telophase: Each 
chromosome appears to form a small vesicle. G. The vesicles fuse to form a convoluted 
tubule with chromosomes at right angles to the long axis. Where the tubule walls contact 
one another, they apparently break down, leaving a continuous nuclear membrane around 
the chromosomes. H. In the final recognizable stage of telophase, the nucleus tends to 
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resemble prophase, with chromosomes still partly condensed. The convoluted appearance 
is still evident. (Courtesy of Dr. C.P. Miles.) 
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Figure 4-7 Interphase appearance and stages of prophase condensation. A 

Interphase nucleus with sex chromatin body. Note the network of fine chromatin threads. B. 
An early stage of prophase showing accentuation of the chromatin network and of the 
peripheral chromocenters. (C,D) A somewhat later stage of prophase. The same nucleus 
photographed at two focal levels. ( A,B , * 3,900; C,D, *4,350). (From Miles CP. Chromatin 
elements, nuclear morphology and midbody in human mitosis. Acta Cytol 8:356-363, 1964.) 



Anaphase 

The metaphase may last for several hours. As if triggered by a special signal, anaphase begins 
abruptly as the paired kinetochores on each chromosome separate, allowing each 
chromatid to be pulled slowly toward a spindle pole (see Fig. 4-6E). All chromatids are moved 
toward the pole they face at the same speed. During these movements, kinetochore fibers 
shorten as the chromosomes approach the poles. At about the same time, the spindle fibers 
elongate and the two poles of the polar spindle move farther apart. Soon after separation, the 
chromosomes appear at both poles as dark-staining masses (see Fig. 4-8E). The anaphase 
stage typically lasts only a few minutes. 

In the meantime, the cell has become elongated, and a constriction furrow begins to appear at 
the level of the metaphase equator (see Figs. 4-9Aand Fig. 4-6F). This process of cytoplasmic 
division is called cytokinesis. Although cytokinesis usually follows chromosomal division, the 
two processes are not necessarily dependent on one another. Chromosomal division may 
occur without cytokinesis (thereby producing a cell with double the normal complement of 
chromosomes). Less commonly, in some lower species, anucleated cytoplasm may undergo 
successive divisions. 
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The constriction furrow extends between the two daughter cells until only a narrow strand of 
cytoplasm is left. At this point, a distinct granule, the midbody, may sometimes be seen at the 
narrowest part of the cytoplasmic strand (see Fig. 4-9B). The midbody is formed, at least in 
part, by the spindle fibers compressed into a tight bundle. The precise significance and fate of 
the midbody are not known. 

Telophase 

Some details of telophase are worthy of attention. In late anaphase, after or during cytokinesis, 
the compact mass of chromosomes begins to swell. In optimal material, each chromosome 
appears to form a distinct small vesicle, possibly by inducing the formation of a proprietary 
segment of the nuclear membrane, as suggested by Koss (1998) (Fig. 4-10; see Fig. 4-6F). In 
abnormal divisions, the process may sometimes end at this stage, with the cell thus containing 
numerous micronuclei (Fig. 4-11). Normally, the vesicles seem to fuse rapidly together to form a 
convoluted tubule (see Figs. 4-12 and 4-6G). Probably the vesicle and tubule membranes break 
down at points of contact so that, ultimately, a continuous nuclear membrane is formed around 
both groups of daughter chromatids. 
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Figure 4-8 A. Late prophase, just before the breakdown of the nuclear membrane. The 
double structure can be visualized in some of these chromosomes. B. Nearing metaphase, 
the chromosomes show further contraction and (C) tend to congregate toward the 
periphery of the figure (“hollow spindle” arrangement). D. Chromosomes aligned on the 
metaphase plate. Note the spindle fibers converging on the centrioles. E. Late anaphase 
groups of daughter chromosomes. (A x 2,220; B, * 3,450; C,D, * 3,150; E, *3,120; D,E, 
phase contrast.) (From Miles, CP. Chromatin elements, nuclear morphology and midbody in 
human mitosis. Acta Cytol 8:356-363, 1964.) 
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Figure 4-9 A. Division of the cytoplasm (cytokinesis). B. Later stage of cytokinesis. The 
midbody is the small central granule (phase contrast * 1,560). (From Miles, CP. Chromatin 
elements, nuclear morphology and midbody in human mitosis. Acta Cytol 8:356-363, 1964.) 
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Figure 4-10 Beginning of telophase reconstruction. Each chromosome appears to 
form a small vesicle. The dark double structure at the center of the spindle conceivably 
represents a divided midbody (phase contrast * 2,250). (From Miles, CP. Chromatin 
elements, nuclear morphology and midbody in human mitosis. Acta Cytol 8:356-363, 1964.) 
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Figure 4-11 Abnormal mitosis with micronuclei, presumably formed through failure of 
chromosomal vesicles to coalesce (colchicine-treated culture; aceto-orcein stain * 1,610). 
(From Miles, CP. Chromatin elements, nuclear morphology and midbody in human mitosis. 
Acta Cytol 8:356-363, 1964.) 



The elongating chromosomes now appear at right angles to the tubule walls, thus to some 
extent, mimicking prophase appearances (see Figs. 4-13, 4-6H, and 4-1 2B). The outline of the 
nucleus gradually becomes less convoluted, and nucleolar material appears at the inner edges 
of the nucleus. The reticular appearance of the telophase nucleus (Fig. 4-14) gradually fades 
into the less-distinct interphase pattern. 
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Figure 4-12 Vesicles coalescing into tubules. A Note chromosomes arranged at right 
angles to the long axis of the tubule (aceto-orcein stain * 1 , 1 20; B, 1,610). (From Miles, 
CP. Chromatin elements, nuclear morphology and midbody in human mitosis. Acta Cytol 
8:356-363, 1964.) 



As the separated daughter chromatids arrive at the poles, the kinetochore fibers disappear. The 
polar fibers elongate still farther, the condensed chromatin expands once more, the nucleoli 
begin to reappear, and the mitosis comes to an end. 

Cytokinesis 

As described above, the cytoplasm divides by a process known as cleavage, which usually 
starts sometime during late anaphase or telophase. The membrane around the middle of 
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the cell, perpendicular to the spindle axis and between the daughter nuclei, is drawn inward to 
form a cleavage furrow, which gradually deepens until it encounters the remains of the mitotic 
spindle between the two nuclei (see Figs. 4-6F and 4-9). This narrow bridge, which contains a 
dark granule, the midbody, may persist for some time before it finally breaks at each end, 
leaving two completed, separated daughter cells (Miles, 1979; Alberts, 1983; Brachet, 1985; 

Levitan, 1988; Edlin, 1990; Therman, 1993). 
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One daughter nucleus still shows tubule structure (aceto-orcein stain, x3,150). (From 
Miles, CP. Chromatin elements, nuclear morphology and midbody in human mitosis. Acta 
Cytol 8:356-363, 1964.) 




Figure 4-14 Telophase. The daughter nuclei still appear somewhat convoluted, but no 
suggestion of tubule remains. (Part of an interphase nucleus impinges on one daughter 
nucleus.) Some of the spoke-like chromosomal elements appear distinctly double, as does 
the larger bipartite chromocenter in one nucleus (the sex chromatin body?) (aceto-orcein 
stain x 2,520). (From Miles, CP. Chromatin elements, nuclear morphology and midbody in 
human mitosis. Acta Cytol 8:356-363, 1964.) 



THE NORMAL HUMAN CHROMOSOME COMPLEMENT 

Before 1956, the number of human chromosomes was believed to be 48, and the XX-XY 
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mechanism of sex determination was assumed to work in the same way as it does in the fruit fly, 
Drosophila. Both of these notions about human chromosomes were eventually proved wrong. 

The year 1956 is often given as the beginning of modern human cytogenetics; indeed, the 
discovery by Tjio and Levan in 1956 that the human chromosome number is 46 (Fig. 4-15), 
and not 48, was the starting point for subsequent spectacular developments in human 
cytogenetics. Contemporary techniques (use of colchecine/colcemid, culture methodologies, 
hypotonic treatment) confirmed that normal human cells have 46 chromosomes, two sex 
chromosomes (X,Xor X,Y) and 44 autosomes. These can be seen and classified in the 
metaphase stage of cell division. 

In 1970, Caspersson and his colleagues applied fluorescence microscopy, which they had 
originally used to study plant chromosomes, to the analysis of the human karyotype. They 
discovered that the chromosomes consist of differentially fluorescent cross bands of various 
lengths. Careful study of these bands made possible the identification of all human 
chromosomes. This discovery was followed by a host of different banding techniques. The 
most commonly employed technique is trypsin or G-banding (see Fig. 4-15). Chromosome 
preparations are pretreated with trypsin before staining them with Giemsa stain (hence, Giemsa 
or G-banding). By means of such banding, each chromosome (homologue) can be 
identified by the resulting alternating light and dark band patterns specific to that particular 
chromosome. Another banding procedure, which gives only slightly different results, involves 
staining with a fluorescent dye, quinacrine dihydrochloride, which thus yields quinacrine or 
Q-bands. These bands fluoresce under ultraviolet light with varying degrees of brightness, 
similar to the light and dark bands produced by G-banding. The banding of elongated prophase 
or prometaphase chromosomes makes it possible to define chromosome segments and 
breakpoints even more accurately (Bergsma, 1972; Yunis, 1974; Hsu, 1979; Emery and Rimoin, 

1983; Mange and Mange, 1990). The C-banding technique is used to highlight the 
constitutive chromatin region of the chromosomes, usually the centromeres and the long arm of 
chromosome Y. The chromosomal preparations are exposed to barium hydroxide-saturated 
solution and stained with Giemsa. 

With the exception of the sex chromosomes X and Y, the chromosomes occur in pairs, each pair 
composed of two identical chromosomes or homologues (from Greek, homo = same). Each 
pair of chromosomes has been numbered from 1 to 22 in order of length. The pairs are further 
divided into seven subgroups designated 1-3, 4-5, 6-12, 13-15, 16-18, 19-20, 21-22, or by letter 
A B, C, D, E, F, and G, respectively (Fig. 4-16; see Fig. 4-15). The centromere, or primary 
constriction, is in a constant position on any given chromosome. In the terminology commonly 
employed for human chromosomes, the chromosome is metacentric if the centromere is 
located at the center of the chromosome, thus making both arms equal in length; a 
chromosome is submetacentric if one arm is longer than the other; a chromosome is 
acrocentric ( aero = end) or subtelocentric if the centromere is located very close to the 
end of the short arm. 
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Figure 4-15 A G-banded metaphase spread of a normal male cell. B. G-banded karyotype 
of a normal male cell showing the band characteristics of each pair of homologues, as well 
as of the sex chromosomes (X and Y). 
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The pairs of chromosomes at metaphase can be accurately classified into the seven groups 
by using the characteristics of length and centromere position. The two groups of acrocentric 
chromosomes, D (13-15) and G (21-22), for example, are easily identifiable, especially in 
colchicine-treated preparations. Colchicine prevents (among other effects) the centromere from 
dividing but does not interfere with chromatid separation. Thus, the acrocentrics remain joined 
at one end and come to resemble a wishbone or an old-fashioned clothespin. However, 
distinguishing chromosomes within groups was difficult and, sometimes impossible, until 
banding techniques were discovered. 



Additions or deletions of portions of the chromosomes are designated by 
chromosome numbers and band numbers followed by p or q and + or - signs. In this 
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manner, a precise identification of chromosomal segments, which are missing, added, or 
translocated can be achieved. Specialized nomenclature has been established to denote 
changes in chromosome number and structure (ISCN, 1995). 

The ability to identify every chromosome by number has led to a slight change in the rule 
correlating number with chromosomal length. It has been found that the chromosome that 
accounts for Down's syndrome (see below) is, in fact, the shortest and not the next-to-shortest 
chromosome. However, to preserve the synonym trisomy 21 for Down's syndrome, the 
shortest chromosome is designated as 21 and the nexts hortest chromosome is designated as 
22 . 

Certain other chromosomal features, although not of great importance in identifying particular 
homologues, may ultimately be of significance in the study of pathology. The long and short 
acrocentrics (13-15 and 21-22 groups) often exhibit a small structure on the short arms, called 
a satellite. Satellites, when well visualized, consist of short, thin filaments surmounted by a tiny 
mass of chromatin. Satellites are close to the limits of resolution, and they can rarely be 
observed on all the acrocentrics within one cell. Failure to demonstrate them is probably due to 
technical difficulties. It is known, though, that some individuals show very conspicuous 
satellites, although, once again, not on all of the acrocentrics; there has been no convincing 
evidence that these larger satellites are related to any disease state. 

Individual or familial differences may also be observed in the size and centromere position of 
chromosomes in normal persons. Size differences were first clearly shown for the Y 
chromosome (Sandberg, 1985a, 1985b). 

In addition to cytogenetic techniques for identifying individual chromosomes and their bands, 
sub-bands, and structures (Fig. 4-17), techniques have been developed recently for 
identifying chromosomes based on unique DNA sequences within each chromosome. 

This approach allows the recognition of specific chromosomes, or their parts, in interphase 
nuclei, thus dispensing with the more laborious process of metaphase preparation, or in 
situations when metaphases cannot be obtained. Fluorescent in situ hybridization (FISH) 
with molecular “paint” probes to specific chromosomes and their components has become an 
established laboratory technique (see Fig. 2-31). It allows the analysis of cells and tissues for 
the presence of chromosomal abnormalities. However, detailed karyotype analysis still requires 
optimal metaphases for their construction (Cannizzaro and Shi, 1997; Montgomery et al, 1997). 

Heterochromatin 

Another feature of chromosomes that shows familial differences, probably unrelated to disease, 
is the secondary constriction. (The primary constriction is at the centromere where the 
spindle fibers attach during mitosis; see earlier.) Readily visible in the microscope are 
secondary constrictions in the long arms near the centromere on chromosomes 1, 9, and 16. In 
normal cells, these constrictions are seen only occasionally and seldom in more than one 
homologue in a given cell. These constrictions are usually observed near centromeric sites on 
most chromosomes. At these sites, most chromosomes have small blocks of chromatin that 
replicate their DNA after the other chromosomal segments have completed DNA synthesis 
(e.g., late-labeling DNA). Such sites can also be selectively stained with the C-banding 
technique, centromeric heterochromatic stain (Fig. 4-18). In many species, such dark-staining, 
late-labeling segments are referred to as heterochromatin. In some species, these segments 
do not decondense in the interphase nucleus but rather remain as dark-staining masses of 
chromatin called chromocenters. In general, such heterochromatin segments are 
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genetically inert (do not contain functioning genes and do not synthesize RNA). They are 
believed to have something to do with maintaining the structure of the chromosome; the 
material, therefore, is called constitutive heterochromatin. The latter is differentiated from 
facultative heterochromatin, which is condensed in some cells and not in others and, in 
contrast to constitutive heterochromatin, reflects some of the stable differences in genetic 
activity adopted by different cell types (e.g., embryonic cells seemingly contain very little, and 
some highly specialized cells contain a great deal of heterochromatin). Facultative 
heterochromatin is not known to contain the large number of highly repeated DNA sequences 
(satellite DNAs), which is characteristic of constitutive heterochromatin (Bahr, 1977; Lima-de- 
Faria, 1983; Therman, 1993). Although chromocenters (except for the sex chromatin body; see 
below) may vary in their appearance in the nuclei of human cells and, in some, they are difficult 
to visualize, only polymorphonuclear leukocytes are an exception. In the nuclear lobes of 
these cells, the constitutive heterochromatin of chromosome 1 and, perhaps other 
chromosomes, is observed as a peripheral chromocenter. With a somewhat similar 
technique, the C-band heterochromatin of chromosome 9 can be identified in interphase 
nuclei of lymphocytes. 
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Figure 4-16 Ideogram illustrating Q- and G-bands in human chromosome 
complement. R-bands are the reverse of G-bands. The short arms of the chromosomes 
are designated as p and the long arms as q. (From Bergsma, D. [ed], Paris Conference, 
1971, Standardization of human cytogenetics. Birth Defects 8:7, 1972.) 
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Figure 4-17 Schematic presentation of the bands in the normal X chromosomes at 
different levels of staining resolution. The X chromosome of the left has 17 bands 
besides the centromeric one, the one in the middle has 26 bands, and the one on the right 
has 38 bands. The use of special methodology allows the resolution of some bands into 
sub-bands (e.g., band Xq 23 into Xq 23. 1 B 3). (From ISCN. An international system for 
human cytogenetic nomenclature, Mitelman F (ed). Basel, Switzerland, S. Karger, 1995.) 
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Figure 4-18 C-banded karyotype of a normal female cell, with constitutive 
heterochromatin of the various chromosomes staining dark. Note in particular the 
relatively large C-bands in chromosomes 1, 9, and 16, with each showing polymorphism of 
these bands. The inset shows a Y chromosome from a male cell demonstrating the dark 
staining of its long arms with this procedure. (Courtesy of Dr. Avery Sandberg.) 



GERM CELL FORMATION, MEIOSIS, AND SEX DETERMINATION 

Germ Cell Formation 

As has been stated, most human cells contain 46 chromosomes. The germ cells, sperm and 
ovum, constitute an important exception. Since the individual develops from the union of sperm 
and ovum, to preserve the proper somatic number of 46, these cells can have only 23 
chromosomes each. Thus, the developing germ cell must lose half its chromosomes. The 
product of the union of the spermatozoon and the ovum, or the zygote, will then receive 23 
chromosomes from the mother and 23 from the father. Atype of cell division known as meiosis 
fulfills these requirements (Fig. 4-19). 

It is clear that normal development will require that the zygote receive a set of similar 
chromosomes (e.g., one No. 1 , one No. 2, and so on) from each parent. Aset of 23 maternal or 
paternal chromosomes is a haploid set, and the final two sets of homologues form a diploid 
set. 

Meiosis 

The fundamental mechanism of meiosis serves to ensure that each germ cell acquires a 
precise set of 23 homologues, including either an X or a Y chromosome. Meiosis essentially 
consists of two separate divisions, referred to as the first and the second meiotic 
divisions (see Fig. 4-19). 
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First Meiotic Division 

The prophase sequence of this division has been divided into several stages named 
leptonema, zygonema, pachynema, diplonema, and diakinesis. The chromosomes in 
leptonema (from Greek, lepto = thin and nema = thread) condense out as long convoluted 
threads. In zygonema (from Latin, zygo = pair), homologous chromosomes come together and 
pair, point for point, along their lengths. This process is called synapsis of the homo/ogues, 
and the closely aligned synapsed pair is called a bivalent. 

At the beginning of pachynema (from Greek, pachy = thick), pairing is complete, and the 
chromosomes become shorter and thicker. By this stage, each homologue may appear doubled 
into its two chromatids; hence, four units are seen, and the bivalent has become a tetrad. In 
diplonema (from Latin, diplo = double), the homologues begin to move away from one another, 
but they usually continue to remain joined at one or more points along their lengths. The 
involved segments near such points will resemble an X, or a cross, hence the name chiasma 
(plural, chiasmata) for such points. 

In diakinesis, the tetrad continues to loosen, until at the 
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first meiotic metaphase, the homologues separate completely and pass to opposite poles. 



PROPHASE I 
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Figure 4-19 Diagrammatic presentation of the stages of meiosis (spermatogenesis). 

(Courtesy of Dr. C.P. Miles.) 



Crossover 

The appearance of chiasmata is associated with the reciprocal exchange of segments of 
homologous chromatids that had tightly synapsed together in the earlier stage. Perhaps this 
process can be more readily grasped if we visualize the paternal homologue as a single column 
of soldiers that becomes aligned with a similar column, the homologue of maternal origin. If a 
few of the soldiers simply exchange places with an equal number from the opposite group, the 
composition of each column becomes completely different, but the general appearance of the 
column remains unchanged. In genetic terms, a crossover has occurred, and each column now 
represents a new combination of soldiers (Fig. 4-20). 

Chromosomal segments cannot be exchanged quite so readily as soldiers in a column, since 
breaks in the chromosomes are probably necessary, and each break apparently prevents the 
occurrence of a similar break in the near vicinity. Consequently, the synapsed chromosomes 
seldom exchange more than one or two segments. Thus, the final germ cell does not 
necessarily receive unaltered paternal or maternal homologues. Many of its chromosomes 
will consist of rejoined segments from both parents. Although the behavior of the X 
chromosome in female meiosis is similar to that of the autosomes, the behavior of the X and Y 
in male meiosis is an exception to the rule. The X and Y chromosomes in the developing 
spermatocyte do not synapse together and, consequently, do not exchange segments by 
crossing over. Instead, the human Xand Y chromosomes pair at the distal 

P.98 

ends of their short arms during male meiosis. There is formation of a synaptonemal complex 
between Xand Y chromosomes in this region. Recent molecular studies have shown that there 
is DNA homology between X and Y chromosomes at their distal short arms, where there is a 
single obligatory crossing over between Xand Y during meiosis. As a result, loci mapping in this 
region do not show strict sex linkage; accordingly, this homologous segment of the X and Y 
chromosomes is referred to as the pseudoautosomal region (Sandberg, 1983a). 
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Figure 4-20 Schematic presentation of crossover of genetic material during first 
meiotic division. (Courtesy of Dr. C.P. Miles.) 



Second Meiotic Division 

The second meiotic division is much more akin to a somatic or mitotic division, with separation 
of the chromatids. All of the resulting daughter cells are haploid, that is, contain 23 
chromosomes. As a result of crossing over in meiosis I, the genetic content of each haploid cell 
is a mixture of paternal and maternal genes. 

Meiosis not only serves the fundamental need of reducing the chromosomal number of the 
germ cells but also constitutes a kind of lottery that vastly increases the possibilities for genetic 
variation. Not only does each germ cell draw at random one or the other homologue, but these 
homologues may themselves have already been altered through reciprocal exchange of 
segments. Meiosis is the principal reason for the enormous diversity, even among members of 
the same family (Roberts and Pembrey, 1985). 

Sex Determination 
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The sex chromosomes, the male Y and the female X, differ from the nonsex chromosomes 
or autosomes. Whereas the female has two X chromosomes, the male has only one X and one 
Y. During the process of meiosis, each germ cell ends up with a precise haploid set of 
autosomes. In sperm, each haploid set will also include either an X or a Y chromosome. 

Thus, by chance, roughly 50% of sperm will bear an X and 50% a Y. Since the mother has only 
one kind of sex chromosome, all of the ova contain a single X. If an ovum is fertilized by an 
X-bearing sperm, a female zygote will result (46, XX); if by a Y-bearing sperm, the offspring will 
be male (46, XY). Thus, it is the paternal chromosome that determines the sex of the child 
(Ohno et al, 1962; Miles, 1979; Levitan, 1988; Mange and Mange, 1990). 

Chromosomal Nondisjunction 

Mitosis and meiosis are not perfect mechanisms. Occasionally, homologous chromosomes or 
chromatids will fail to disjoin from one another (Fig. 4-21). This results in the two chromosomes 
migrating to the same pole rather than to different poles. This process is known as 
nondisjunction. Numerical abnormalities in the form of either additional or fewer 
chromosomes in the daughter cells are a result of such chromosomal misdivisions. 

THE SEX CHROMATIN BODY AND ABNORMALITIES OF SEX CHROMOSOMES 

In 1952, Barr and Bertram noticed that, in some neuronal nuclei of a cat's brain, a tiny dark 
granule migrated from the nucleolus to the nuclear membrane in the course of reaction to injury. 
These investigators noted that the dark granule appeared in some animals but not in others 
and, by checking their records, found that the tiny granule was found only in female and not in 
male cats. It was soon established that this difference extended to other tissues and to other 
mammals, including humans. The granule is now known as the sex chromatin body or as a 
Barr body and represents a condensed X chromosome (see Fig. 4-7 A). 

The significance of this finding for the study of abnormal sexual development was not lost on 
investigators who began to examine various types of patients with abnormalities of the sex 
chromatin body. One relatively common type is Klinefelter's syndrome, a condition in males 
that includes a slender body build, infertility, small testes, and, occasionally, gynecomastia. In 
cells of about 90% of such patients, a sex chromatin body was observed. It was thought initially 
that patients with Klinefelter's syndrome were genetic females. Subsequent cytogenetic 
analysis disclosed that most of these patients had a supernumerary sex chromosome, with a 
47,XXY karyotype (Fig. 4-22). 

The opposite situation was observed in patients with Turner's syndrome or gonadal 
dysgenesis. These patients are females at birth but have a poor development of secondary 
sex characteristics and fail to menstruate at puberty. Other stigmata of Turner's syndrome 
include a webbed neck, a wide angle of the forearms, pigmented 
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nevi, and coarctation of the aorta. In the cells of the presumed females with this syndrome, 
the sex chromatin body could not be found and the patients were thought to be genetic males. 
Cytogenetic analysis disclosed that the majority of these patients lack one X chromosome 
and that the karyotype is 45, X (see Chap. 8). In the remaining patients with this disorder, still 
other chromosomal abnormalities may be observed. Thus, some patient's cells may 
contain a normal X plus an X in which a part of the short or long arm has been deleted. In other 
cases, the abnormal Xmay contain, in lieu of the short arm, an additional long arm. Such 
chromosomes with two identical homologous arms are called isochromosomes. 
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Moreover, both in Turner's syndrome and in other cases of gonadal congenital abnormalities, 
the chromosome complement may differ from cell to cell, one cell line being (for example) 
normal 46, XX and another cell line with a 45, X complement, resulting in mosaicism. There are 
many more complex examples of mosaicism on record. The clinical appearance or phenotype of 
such patients varies markedly, but the complexities are too numerous to be discussed here. For 
further comments on Turner's syndrome and its recognition in cervico-vaginal smears, see 
Chapter 9. 




Nondisiunction at First Meiotic Division: 




Figure 4-21 The hypothetical mechanism that produces abnormal germ cells (ova 
and sperm). The diagrams are simplified by considering only sex chromosomes and by 
ignoring the production of polar bodies in oogenesis. (From Miles, CP. Human chromosome 
anomalies: Recent advances in human genetics. Stanford Med Bull 19:1-18, 1961.) 
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Figure 4-22 Karyotype of a male with Klinefelter's syndrome or 47, XXY. The 

arrowhead points to an additional X chromosome. 



These and similar discoveries stimulated intensive analyses of patients with sexual 
maldevelopment. Moreover, with the knowledge that patients with Klinefelter's syndrome were 
occasionally somewhat mentally defective, surveys were conducted on patients in mental 
institutions and prisons. These surveys revealed, not only more cases of XXY, but also cases of 
XXXY and XXXXY. Such male individuals with three and four X chromosomes tend to 
show a more severe mental deficiency and may have skeletal and other abnormalities. 
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Figure 4-23 Nucleus from a female with a 46, XXX karyotype showing two sex chromatin or 
inactivated X chromosomes instead of the usual one present in normal (46, XX) females. 



Women with three (Fig. 4-23), four, five, and even 
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more X chromosomes have been described (Fig. 4-24). Those with three X chromosomes have 
been referred to as superfemales or allusion to a comparable situation in the fruit fly, 

Drosophila. However, the term, super refers strictly to the chromosomes, since in humans such 
women are virtually normal. Even with four X chromosomes, there may be only slight 
menstrual irregularities. There is some tendency to mental deficiency, however, and patients 
with five X chromosomes are usually severely retarded (Miles, 1961; Ohno et al, 1962; Moore, 

1966; Sandberg, 1983a, 1983b, 1985a, 1985b; Schinzel, 1984; Mange and Mange, 1990). 

With Q-staining, the Y chromosome is very brightly fluorescent and forms the so-called Y- 
body in interphase nuclei. Y-bodies can be demonstrated in a wide variety of cell types, 
including buccal mucosa, lymphocytes, and amnion cells. The most common anomaly of the Y 
chromosome is the XYY syndrome. 
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Figure 4-24 Female cells in tissue culture showing 2, 4, 8, and 16 sex chromatin 
bodies (tetraploid, octaploid, 16-, and 32-ploid cells). The sex chromatin bodies are 
concentrated in a single segment of the cell membrane. (From Miles CP. Prolonged culture 
of diploid human cells. Cancer Res 24:1070-1081, 1964.) 



Origin of the Sex Chromatin Body 

The finding of individuals with three or more X chromosomes has shed definitive light on the 
origin of the sex chromatin body. The cells of individuals with three X chromosomes have, at 
most, two sex chromatin bodies; individuals with four X chromosomes have at most three; and 
with five Xs, there are at most four sex chromatin bodies per cell. Thus, the maximum number of 
sex chromatin bodies per cell is always one less than the number of X chromosomes. 
This conforms to a theory proposing that the sex chromatin body consists of most, or all, of a 
single X chromosome. Since we know that, after the very early stage of sex determination in the 
fetus, only one X is necessary for normal development, it is plausible that the other or others 
become and remain condensed (fixed differentiation) in the somatic cells. The process of 
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random inactivation of one of the X chromosomes, first postulated by Lyon, is called 
lyonization, and the affected 
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chromosome is presumed to be inert, not participating in the manufacture of RNA 

The chromatin that makes up the sex chromatin body is referred to as facultative 
heterochromatin as opposed to constitutive heterochromatin (see above), which occurs in 
large or small blocks near the centromeres of all chromosomes and which, so far as is known, 
is a permanent feature of the chromosome in all stages of development, including mitosis and 
meiosis. Facultative heterochromatin, on the other hand, appears in one or the other X 
chromosome, at random, in females at about the blastula stage. 



Extra Sex Chromatin Bodies in Polyploid Cells 

It may be worth pointing out that one may occasionally observe extra sex chromatin bodies in 
basically normal tissues. This is caused by doubling of the entire chromosomal 
complement (tetraploidy). Each X chromosome will be doubled, but the differentiation of the 
two Xs was previously fixed; hence, despite four X chromosomes, there will be only two, not 
three, sex chromatin bodies. Extreme degrees of chromosomal duplication or polyploidy 
may occur by virtue of this doubling mechanism. It is also of note that extra sex chromatin 
bodies may be a useful guide in identifying cancer cells with abnormal chromosomal content. 
Thus, as discussed in Chapters 7, 12, and 29, finding an extra Barr body in a suspect cell 
supports the possibility that the cell is malignant. 
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Figure 4-25 Karyotype of a male with Down's syndrome or 47, XY, + 21. The extra 
chromosome 21 is indicated by the arrowhead. 



ABNORMALITIES OF AUTOSOMES 
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Down's Syndrome (Trisomy 21) 

Abnormalities involving sex chromosomes are neither the most common nor the most serious of 
chromosomal abnormalities. Of those that involve autosomes, the most important, at least in 
terms of incidence, is Down's syndrome. Down's syndrome is characterized by severe 
mental retardation, characteristic facial and other physical abnormalities, and is almost always 
related to an extra small acrocentric (G-group) chromosome 21, resulting in a karyotype with 47 
chromosomes (Fig. 4-25). 

In a small percentage of cases of Down's syndrome, the extra chromosome may become 
attached to another long acrocentric (D-group) chromosome. Less commonly, it may 
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become attached to another G-group chromosome. The attachment of one chromosome or 
a portion of one chromosome to another chromosome is referred to as a translocation, 

and such cases are referred to as translocation Down's syndrome. The distinction is important 
since simple trisomy 21 occurs sporadically, although with an increased incidence in children of 
older mothers. 

Translocation Down's syndrome, on the other hand, often occurs in families since the 
abnormal chromosome may be passed on from a parent to the offspring. Cases of Down's 
syndrome have also been described in which the karyotype appears normal. In some of these, 
however, there is suggestive evidence that a small portion of a G-group chromosome has been 
translocated; the segment is simply too small to be detected cytogenetically but can be detected 
with molecular techniques. A number of cases have been described that involve deletions or 
total absence (monosomy) of a G-group chromosome. These result in severe mental 
retardation and other abnormalities but are not so distinctive as Down's syndrome. Children 
with Down's syndrome have an increased risk of leukemia, especially acute leukemia. 

Other Trisomy Syndromes 

Patients with abnormalities involving other autosomes are less common, and the resultant 
abnormalities are more variable. An additional E group chromosome 18 results in trisomy 18 or 
Edwards syndrome. Such patients demonstrate abnormalities of the central nervous system 
and other quasispecific features, such as low-set ears, small jaw, and flexion deformities of the 
limbs. These infants seldom survive beyond 1 year. 

An additional D-group chromosome 13, is known as trisomy 13 or Patau syndrome. Patients 
demonstrate more severe congenital defects than trisomy 18 patients. Such infants are born 
with an underdeveloped brain and eyes, cleft palate, extra digits, and cardiac abnormalities. 

They seldom survive beyond a few weeks of life. 

In both trisomy 13 and 18, the extra chromosomes may be translocated and fixed onto 
another homologue in the karyotype. With the newer banding techniques, trisomies have been 
reported involving chromosomes 8 and 9 or portions of chromosomes 7, 8, 9, and 10 (partial 
trisomies) and others. All of these involve severe mental retardation with a variety of other 
congenital abnormalities. 

Chromosomal Deletion Syndromes 

Total absence (monosomy) of autosomes, larger than those in the G group, is probably 
incompatible with fetal development to term. Loss of part of the short arm of chromosome 5 
results in the so-called cat-cry (cri-du-chat) syndrome. Apart from the unusual cry in infants, 
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this syndrome does not have any of the characteristic clinical features typical for the trisomy 
syndromes 21, 13, and 18. These children, who are mentally deficient, may survive for some 
years. Deletion of the short arm of chromosome 4 is less common and leads to more 
severe anomalies. Congenital abnormalities associated with deletions of various autosomes 
have been described. If portions of both the long and short arm of the same chromosome are 
deleted, the ends may heal together and form a ring (ring chromosome) with 
developmental abnormalities similar to those with simple deletions. 




Figure 4-26 Metaphase spread of fluorescent in situ hybridization analysis of 
patient suspected of having Williams syndrome or deletion 7q11. The green signal 
on each chromosome is hybridization to a chromosome 7-specific sequence. The red 
signal on both chromosomes is the signal from the ELN gene probe. In this case, the 
patient did not contain the ELN gene deletion and did not have Williams syndrome. 



Microdeletion Syndromes 

Detection of some deletions is beyond the resolution of standard cytogenetic analysis. The 
genes responsible for a specific syndrome such as Williams syndrome where the elastin 
(ELN) gene is deleted, are not resolvable at the cytogenetic level, even by high-resolution 
chromosome analyses. In such cases, fluorescent in situ hybridization (FISH) analysis is 
performed with a probe, which contains the gene itself or a nearby gene to detect the 
missing gene (Fig. 4-26). A number of microdeletions of specific chromosome regions have 
been described in association with several specific syndromes (Table 4-1). These syndromes 
can now be diagnosed by FISH analysis with commercially available DNA probes, standardized 
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TABLE 4-1 MICRODELETION SYNDROMES 



Prader-Willi 


1 5q1 1-13 


Angelman 


1 5q1 1 


Langer-Giedion 


8q24 


Miller-Dieker 


17p13.3 


Di George/VC F 


22q11 


Rubenstein-Taybi 


1 6p1 3 


Williams 


7q11 


Retinoblastoma 


13q14 


Aniridia/Wilms 


1 1 pi 3 
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Figure 4-27 Top. High-resolution karyotype of female suspected of having Velo-cardio- 
facial (VCF) syndrome and carrying a deletion in the long arm of chromosome 22. The 
arrowhead points to the chromosome suspected of containing the deletion. Bottom. 
Metaphase spread after fluorescent in situ hybridization analysis with probe specific for the 
VCF region. Normal chromosome 22 contains two signals, and the deletion containing 
chromosome 22 shows just one fluorescent signal. 
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Structural Chromosome Alterations 

There are two major types of structural alterations, which can occur in chromosomes as a result 
of a breakage event: (1) that which involves rearrangement within one chromosome and 
(2) that which results from breakage and reunion events in two or more chromosomes 
(Miles, 1961; Daniel, 1988; Borgaonkar, 1989; Edlin, 1990). Unlike nondisjunction events, 
which result in loss or gain of select chromosomes, breakage can occur anywhere within a 
chromosome resulting in an unlimited number of rearrangements. Such events usually result in 
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an unbalanced genetic complement, with some events more lethal than others. Breakage can 
either occur spontaneously or it can be induced by a mutagenic agent. 

Breakage within a single chromosome can result in duplications, deletions, inversions, 
isochromosomes, and ring formation. In each case, the breakpoint region is the location 
of a break in a chromatid or a chromosome and is defined by the exact band involved. A 
duplication is a result of unequal crossing over or unequal sister chromatid exchange, which 
leads to duplication of a specific chromosome segment, oftentimes in association with deletion 
of another segment. A deletion is the loss of a chromosome segment where a break has 
occurred either within the chromosome arm (interstitial deletion) or at the end of the 
chromosome arm (terminal deletion). 

An inversion results from two breaks occurring within the same chromosome. The segment 
between the breakpoint regions rotates 180°, and the broken ends fuse to-gether. For example, 
a chromosome with the sequence ABCDEF, if broken between B and C and between D and E, 
becomes ABDCEF after the inversion. Inversions may originate from either chromatid or 
chromosomal breaks. There are two types of inversions, paracentric where breaks occur on 
the same arm on one side of the centromere, in contrast with a pericentric inversion in which 
the breaks occur on both sides of the centromere. In a paracentric inversion, the intra-arm 
exchange may lead to no apparent altered morphology. In a pericentric inversion, if the breaks 
are equidistant from the centromere, no apparent change in morphology may occur; but when 
they are not of equal distance, an abnormal chromosome will result. 

An isochromosome is a symmetric chromosome composed of duplicated long or short arms 
formed after misdivision of the centromere in a transverse plane. A ring chromosome is formed 
when breakage occurs simultaneously at two different points on the same chromosome. The 
resulting “sticky” ends then become rejoined together to form the ring. As a result of the 
formation of either an isochromosome or a ring, there usually is a significant loss of genetic 
material along with an associated abnormal clinical phenotype. 

Rearrangements that involve more than one chromosome result in the occurrence of 
dicentrics, insertions, and translocations. A dicentric is a chromosome, which has two 
centromeres and is formed by breakage and reunion of two chromosomes. An insertion 
results from transfer of one chromosome's segment into another chromosome. This event 
involves two breaks in each of the involved chromosomes, and a segment of one chromosome 
is inserted into the site of breakage in the other. 

A translocation occurs as a result of breakage followed by transfer of chromosome 
material between the involved chromosomes. There are two types of translocations: 
reciprocal, where there is an even exchange of material between two different 
chromosomes, and Robertsonian, when two acrocentrics fuse in the centromere region to 
form a single chromosome. Translocations and other chromosome alterations have a 
significant effect on the ability of the cell to undergo error-free cell division. Rearranged 
chromosome material, in the form of a translocation or inversion, will increase the likelihood of 
acquiring an unbalanced gamete. During the cell division process of translocation 
chromosomes, loops are formed by homologous segments resulting in partial monosomy or 
trisomy for the involved regions. In addition, studies of patients with mental retardation show 
an increased frequency of reciprocal chromosome translocations. These findings show 
that there is an increased potential for loss or gain of genetic material, which would ultimately 
show a phenotypically detrimental effect, usually in the form of mental/growth retardation of the 
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offspring. Similar observations have not been reported for Robertsonian translocations. 

CHROMOSOMES AND HUMAN CANCER 

Cancer is a genetic disease of cells caused by DNA damage, often occurring after exposure to 
an environmental trauma. Such damage is expressed as perturbations in the expression of 
genes, which control a variety of cellular processes. Cytogenetic analyses demonstrated that 
some tumor types might have well-defined chromosome changes. Consistency of such changes 
in association with clinical data may provide diagnostic and prognostic information regarding the 
tumors' developmental stage and the potential for progression. Detection of a specific 
chromosome alteration prior to, during, and subsequent to chemotherapy or radiation treatment, 
is a quantitative measurement, which has been successfully used to determine the efficacy of a 
specific therapeutic regimen in some malignant diseases. The breakpoint regions involved in 
consistent cancer-related chromosome alterations have provided important clues as to where 
the cancer-associated genes are located, and the nature of their protein products. Drugs, 
specifically directed at these products, have now been developed. 

The most accurate genetic information pertains to leukemias, lymphomas, related hematologic 
disorders, and some tumors of childhood. For most solid human cancers, including nearly all 
carcinomas, the information on the sequence of genetic events leading from precancerous 
lesions to invasive cancer is still fragmentary. The proposed sequence of genetic events in 
progression of colonic polyps to carcinomas is discussed in Chapter 7. There is hope that the 
determination of the human genetic code, discussed in Chapter 3 and the 

P.106 

opening pages of this chapter, may lead to further progress, but it is likely that the road will be 
long and tedious. 

Chromosomal Changes 
Primary Chromosomal Changes 

First recognized by Nowell and Hungerford (1960), the most consistent primary chromosomal 
change in human neoplasia is the Philadelphia chromosome (Ph +), which is diagnostic of 
chronic myelogenous leukemia (CML) (Fig. 4-28). This is a translocation in which a segment of 
the long arm of chromosome 22 is attached to the long arm of chromosome 9 (Nowell and 
Hungerford, 1960; Rowley, 1973; Groffen et al, 1984). This rearrangement or translocation is 
an excellent example of a chromosome alteration that characterizes a specific disease and 
which has been explored at the molecular level and has led to a remarkable development of an 
anticancer drug (see below). With advances in chromosomal banding techniques, it became 
possible to identify not only the exact chromosomes involved in the karyotypic changes but also 
subchromosomal segments. 
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Figure 4-28 Karyotype of a male diagnosed with Philadelphia chromosome positive (PH +) 
chronic myelogenous leukemia (CML) showing the classic t(9;22)(q34;q1 1 .2) chromosome 
rearrangement ( arrowheads ). Note the shortened chromosome 22, first observed by 
Nowell and Hungerford in 1960. 



When leukemia or a solid tumor is consistently characterized by one karyotypic anomaly, be it 
numerical or morphologic, this is considered a primary or specific cytogenetic event 
characterizing this disease. Unfortunately, in common solid tumors, particularly carcinomas, it 
is very rare to observe a single cytogenetic event. Hence, a series of such tumors must be 
studied to ascertain whether a change recurs with sufficient frequency to qualify as the primary 
event. This technique has been used in formulating the possible sequence of events in colonic 
cancer (Vogelstein and Kinzer, 1998; also see Chapter 7). For most human carcinomas, such a 
recurrent change has not been convincingly established. It is possible that the primary event in 
these tumors is submicroscopic, requiring molecular approaches to determine its nature. 

Is the primary cytogenetic change causally related to neoplasia? In Ph-positive CML and in 
some lymphomas, the answer appears to be in the affirmative. In some types of leukemia, there 
is suggestive evidence that the primary chromosomal abnormalities are the first event leading to 
the onset of disease. In these conditions, known genes are modified in their structure or activity, 
with resulting formation of 
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abnormal gene products (Knudson, 1986). The reorientation of genes from differing 
chromosome regions most often results in an abnormal fusion product. For example, the 
abnormality of the bcr-abl oncogene may be the first manifestation of chronic myelogenous 
leukemia (see below) whereas, in Burkitt's lymphoma, a translocation of segments between 
chromosomes 8 and 14 results in activation of the myc oncogene (Sheer, 1997) (see 
also below). 
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Still, the possibility exists that the primary karyotypic change reflects prior events at the 
molecular level, necessary for the specific chromosomal change to occur (Cannizzaro, 1991 ; 

Cahill, 1999). In most leukemias and lymphomas in which the primary chromosomal change has 
been established, the underlying molecular events have not yet been demonstrated because 
the abnormalities usually involve large segments of DNAthat contain numerous genes. The 
identification of single genes is not possible until appropriate molecular probes become 
available. This problem is even greater in conditions in which entire chromosomes are involved, 
for example, an extra chromosome 8 in leukemia, an extra chromosome 7 in bladder cancer, or 
a missing chromosome 7 in secondary leukemia. Thus, the deciphering of the molecular basis 
of most leukemias, lymphomas, or solid tumors is still far off, even if the primary karyotypic 
change is known. At the same time, it must be stressed that the primary chromosomal change 
can serve as an important guide to the gene(s) involved. For this reason, it is crucial to 
rigorously establish the primary changes in as many tumors as possible. 

The presence of primary chromosomal changes in benign tumors does not indicate that a 
malignant transformation will occur. This is true whether the primary changes consist of 
translocations (e.g., t[3; 12] in lipomas ort[12;14] in uterine leiomyomas), deletions (e.g., 

22q- in meningioma), or loss or gain of entire chromosomes (e.g., + 8 in benign salivary 
gland tumors). This suggests that the primary chromosomal changes in benign tumors 
probably involve genes that are concerned with cellular proliferation but not with 
malignant transformation. This may also apply to the secondary chromosomal changes, 
which may be quite complex in these tumors. Much remains to be established, particularly at the 
molecular level, in the genetics of benign tumors. Such information should go a long way 
toward increasing our understanding of the consequence of chromosomal abnormalities in 
various conditions. 

Primary chromosomal changes have been determined in some carcinomas (e.g., 3p in 
small-cell lung cancer and in renal adenocarcinoma) (Kovacs et al, 1987; Sandberg, 1990; 

Heim and Mitelman, 1995). For most carcinomas, however, the primary chromosomal changes 
have not been established as yet. Because these tumors are characterized by numerous and 
complex chromosomal changes it is possible that the primary event is masked. The other strong 
possibility is that these tumors are associated with gene changes at the molecular level that are 
not discernible with currently used techniques (Mark, 1977; Sandberg, 1985; Mark and 
Dahlenfors, 1986; Sandberg, 1987; Heim and Mitelman, 1995; LeBeau and Rowley, 1995; 

Sheer, 1997; Vogelstein and Kinzler, 1998; Meltzer and Trent, 1998). 

Secondary Chromosomal Changes 

With the passage of time and the evolution of a malignant tumor, whether leukemia or solid 
cancer, secondary chromosomal abnormalities are often observed. In solid tumors, such 
changes are often complex and numerous. Except for known secondary changes occurring in 
some leukemias, such as i(17)q in chronic myelogenous leukemia (CML); + 8 in acute leukemia 
(AL); - Y or - X in acute myelogenous leukemia (AML) with t(8;21), the secondary 
chromosomal changes apparently follow a random pattern and invariably appear to be 
associated with the progression of disease (Sandberg, 1986; Sandberg, 1990; Harrison et 
al, 1999). In other words, a leukemia or a solid tumor is at its lowest level of aggressive 
behavior when it is associated only with the primary karyotypic change. More aggressive 
behavior is associated with the acquisition of additional chromosomal abnormalities. 

What is particularly challenging is the wide range of secondary changes that may be present 
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in a tumor. In extreme cases, the chromosome count can range from hypodiploidy to 
hypertetraploidy, and the karyotypes are different for each cell throughout this range. 

Arough idea of these abnormalities may be gained by measuring the DNA content of the tumor 
cell by image analysis or flow cytometry (see Chaps. 46 and 47). It is likely that the secondary 
chromosomal changes play a crucial role in the biology of a tumor, that is, invasiveness, 
metastatic spread, and drug responsiveness. The therapy-resistant cells may ultimately emerge 
as the dominant cell line in the tumor or leukemia. Thus, in designing successful therapy for 
various malignant conditions, the presence of additional complex chromosomal changes and 
their biologic consequences remains an important and difficult obstacle. Cytogeneticists and 
molecular biologists will ultimately have to come to grips with the nature, significance, and 
mechanisms responsible for these secondary changes. For example, in carcinomas of the 
breast, lung, colon, and prostate, the nature and significance of the secondary changes must 
be elucidated if progress is to be made in the control and cure of these cancers. For comments 
on specific cytogenetic abnormalities in various solid tumors, see specific chapters. There is 
some hope that the use of microarray technology will facilitate this investigation (Marx, 2000; 
also see below). 

Leukemias 

Because culturing lymphoblasts in vitro is easy, consistent chromosome changes have been 
found in association with specific types and developmental stages of leukemias and 
lymphomas. The appearance of a specific chromosome alteration, whether it is a 
translocation, deletion, inversion, or amplification, provides clues as to which genes are 
responsible for the pathogenesis and progression of the disease. This information has 
facilitated the production of DNA probes able to detect disease-specific alterations in both 
interphase and metaphase stages. Such probes are now being used routinely to provide an 
accurate diagnosis of a defined malignant condition and to establish which therapeutic 
regimens are the most effective. 

P.108 

Cytogenetics has made a greater impact on the diagnostic and clinical aspects of leukemias 
than on any other groups of diseases. Thus, it has been shown that acute leukemias, which in 
the past were thought to be a homogeneous group by criteria established by a French- 
American-British (FAB) consensus agreement that relied heavily on cellular morphology and 
immunology and, in fact, consisted of a number of subgroups, each characterized by a 
specific cytogenetic change (Tables 4-2 and 4-3). 

As aforementioned, chronic myelogenous leukemia (CML) was the first disease to be 
characterized by a specific chromosomal change, the Philadelphia (Ph) chromosome. The Ph 
chromosome is diagnostic of the disease, although it may also be seen in some acute 
lymphocytic leukemia (ALL) and acute nonlymphocytic leukemia (ANLL) cases. The 
translocation breakpoint of the 9;22 rearrangement, which generates the Ph chromosome 
differs in CML and ALL, and involves different sequences at the molecular level for each of 
these diseases (Cannizzaro et al, 1985). 

The appearance of secondary chromosomal changes in Ph-positive CML usually consist of 
additional Ph chromosomes; an i(17q), + 8, or + 19, heralds the onset of the blastic phase of 
this disease before clinical evidence is apparent. It is quite likely that additional variants of 
leukemias will be defined cytogenetically. Each year, a few new subentities are reported and 
additional classification of leukemias based on molecular analysis is probable. 
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TABLE 4-2 RECURRING CHROMOSOME ABNORMALITIES IN MYELOID 

MALIGNANCIES 



Disease 


* 

Chromosome Abnormality Involved Genes 


CML 


t(9;22)(q34;q11) ABL-BCR 


CML, blast phase 


t(9;22) with +8, +Ph, +19, or i(17q) ABL-BCR 


AML-M2 


t(8;21)(q22;q11) ETO-AML1 


APL-M3 


t(1 5; 1 7)(q22;q1 2) PML-RARA 


AMMoL-M4Eo 


inv(16)(p13q22) MYH11-CBFB 

t(1 6; 1 6)(p1 3;q22) 


AMMoL-M4/AmoL-M5 


t(9; 1 1 )(p22;q23) AF9-MLL 

other t(11q23) MLL 

del(11)(q23) 


AML 


+8 

+21 

-7 or del(7q) 
-5 or del(5q) 
-Y 




t(6;9)(p23;q34) DEK-CAN 

t(3;3)(q21;q26) or 

inv(3)(q21q26) EVII 

del(20q) 
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t(12p) or del(12p) 



Therapy-related AML -7 or del(7q) and/or 



-5 or del(5q) 



t(11q23) 



MLL 



der(1)t(1;7)(q10;p10) 



Genes are listed in order of citation in karyotypes: e.g., for CML, ABL is at 9q34 and 
BCR is at 22q11. 

AML-M2, acute myeloblastic leukemia with maturation; AMMoL, acute myelomonocytic 
leukemia; AMMoLM4Eo, acute myelomonocytic leukemia with abnormal eosinophils; 
AmoL, acute monoblastic leukemia: AML, acute myeloid leukemia; APL-M3, M3Y 
hypergranular (M3) and microgranular (M3V) acute promyelocytic leukemia; CML, 
chronic myelogenous leukemia. 

LeBeau MM, Rowley JD. Cytogenetics. In: Hematology, 5th ed. Beutler E, Lichtman 
MA, Coller B, Kipps TJ, eds. McGraw Hill, NY, 1995, pp 98-106. 



Prognosis, Treatment, and Follow-Up 

The cytogenetic findings in acute leukemias are an independent prognostic factor. Primary 
chromosomal changes appear to decide the behavior and prognosis. Additional quantitative and 
qualitative chromosomal changes are also of prognostic significance. The additional secondary 
karyotypic changes modify the prognosis, usually for the worse. Generally, the presence of 
cytogenetically normal cells improves the prognosis of acute leukemia and related disorders, 
such as myelodysplasia; the absence of normal cells worsens it. Also, the increasing complexity 
of the karyotypic picture (major karyotypic abnormalities [MAKA] versus minor 
karyotypic abnormalities [MIKA]) increases the chances of a poor prognosis. 

Cytogenetic analysis of bone marrow cells is an essential part of follow-up in acute leukemias. 
Thus, the presence of only a rare cell, with a primary chromosomal change demonstrated at the 
time of the original diagnosis, indicates 



that a remission is not complete or that imminent relapse is likely to occur. 



TABLE 4-3 RECURRING CHROMOSOME ABNORMALITIES IN MALIGNANT LYMPHOID 



P.109 



DISEASES 



* 



Disease 



Chromosome Abnormality Involved Genes 



Acute lymphoblastic leukemia 



Pre-B 



t(1 ; 1 9)(q23;p1 3) 



PBX1 -T CF3(E2A) 
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B(Sig+) 


t(8;14)(q24;q32) 


MYC-IGH 




t(2;8)(p1 2;q24) 


IGK-MYC 


B or B-myeloid 


t(8;22)(q24;q1 1 ) 


MYC-IGL 




t(9;22)(q34;q11) 


ABL-BCR 




t(4; 1 1 )(q21 ;q23) 


AF4-MLL 




hyperdiploidy (50-60 chromosomes) 






del(9p),t(9p) 




T 


del(12p),t(12p) 






t(11;14)(p15;q11) 


RBTN1-TCRA 




t(11;14)(p13;q11) 


RBTN2-TCRA 




t(8; 14)(q24;q1 1 ) 


MYC-TCRA 




inv(14)(q11q31) 


TCRA-IGH 


Non-Hodgkins lymphoma 




B 


t(8; 1 4)(q24;q32) 


MYC-IGH 




t(2;8)(p1 2;q24) 


IGK-MYC 




t(8;22)(q24;q11) 


MYC-IGL 




t(1 4; 1 8)(q32;q21 ) 


IGH-BCL2 




t(1 1 ;14)(q13;q32) 


CCND1-IGH 


T or B (Ki- 1 +) 


t(2;5)(p23;q35) 




Chronic lymphocytic leukemia 




B 


t(1 1 ;14)(q13;q32) 


CCND1-IGH 
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t(14; 1 9)(q32;q1 3) 


IGH-BCL3 




t(2; 1 4)(p1 3;q32) 
t(14q) 

+12 

del(13)(q14) 


IGH 


T 


t(8; 1 4)(q24;q 1 1 ) 


MYC-TCRA 




inv(14)(q11q32) 


TCRA/D-IGH 


Multiple myeloma 


inv(14)(q11q32) 


TCRA/D-TCL1 


B 


t(1 1 ; 1 4)(q1 3;q32) 
t(14q) 


CCND1-IGH 


Adult T-cell leukemia 


t(14;14)(q11;q32) 


TCRA-IGH 




inv(14)(q11q32) 

+3 


TCRA/D-IGH 



Genes are listed in order of citation in karyotype; e.g., for pre-B ALL, PBX1 is at 1q23 
and TCF3 is at 1 9p1 3. 

LeBeau MM, Rowley JD. Cytogenetics. In: Hematology, 5th ed. Beutler E, Lichtman 
MA, Coller B, Kipps TJ, eds. McGraw Hill, NY, 1995, pp 98-106. 



Molecular cytogenetics has now contributed to the therapy of chronic myelogenous leukemia. 
As has been discussed above, the principal abnormality, resulting in a Ph chromosome, is a 
translocation of segments of chromosomes 9 and 22. The product of this translocation is a 
protein known as bcr-abl-tyrosine kinase. Recently, an inhibitor of this kinase (Gleevec) has 
been developed and put to clinical use in treatment of chronic myelogenous leukemia with 
remarkable results (Druker et al, 2001a, 2001b; Mauro and Druker, 2001). Some patients 
responded to the drug with return to normal blood count and disappearance of the leukemic 
process. The longterm effects of this drug are still unknown at the time of this writing (2004). 
Interestingly, the drug also appears to be effective in gastrointestinal stromal tumors 
(Joensuu et al, 2001) although these tumors do not express bcr-abl-tyrosine kinase (see Chap. 
24). 
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It is now clear that the chromosomal changes in leukemia can be of critical value in the 
treatment of these diseases. With the accumulation of appropriate data suitable for analysis in 
other conditions, such as solid tumors, it is possible that the cytogenetic findings will provide 
another prognostic parameter in addition to the customary assessment of tumor grade and 
stage. 

P.110 



Bone Marrow Transplantation 

Cytogenetic studies in bone marrow transplantation (BMT) can determine whether the cells in 
the bone marrow are of donor or host origin. This can be accomplished when the leukemic cells 
are characterized by a specific anomaly or when the sex of the donor and host differ. The 
finding of even an occasional abnormal cell following BMT strongly suggests that leukemic cells 
are still present in the host's marrow. FISH analysis with DNA probes specific for an altered 
chromosome region or for a sex chromosome, has proved valuable in rapid and accurate 
determination of the presence or absence of donor cells in BMT patients (Garcia-lsodoro et al, 
1997; Tanaka et al, 1997; Korbling, 2002). 

Lymphomas 

The definition of karyotypic abnormalities in Burkitt's lymphoma (BL) in cytogenetic terms is a 
translocation between segments of chromosomes 8 and 14, that is, [t(8;14)(q23; q32)] is one of 
the milestones in cancer cytogenetics. The demonstration that some BL cases have variant 
translocations [e.g., t(2;8)(p12;q24) or t(8;22)(q24;q11)] is an example of the cytogenetic 
characterization of subtypes of this tumor (Zech et al, 1976). The identification of the 
molecular events associated with the cytogenetic changes in BL pertaining to various 
immunoglobulin genes and the oncogene c -myc constitutes one of the exciting 
developments in human neoplasia. 

Subsequent to the description of chromosomal changes in BL, several specific changes were 
established for other types of lymphoma (see Table 4-3), of T-cell or B-cell origin. These 
changes were then correlated with corresponding molecular events, such as the changes in the 
various T-cell receptors and bcl genes. The chromosomal changes described in lymphomas 
have been correlated with their histology and immunophenotype, as well as with prognosis. 
Although progress in the cytogenetic aspects of lymphomas has not been as decisive as in 
leukemias (particularly of the acute variety), the introduction of a universally acceptable 
classification system of lymphomas by WHO contributed to a meaningful correlation with 
cytogenetic findings (see Chap. 31). 

Solid Tumors 

Hematopoietic neoplasms account for fewer than 10% of human cancers; the remaining 
cancers are solid tumors. Unfortunately, because of the difficulty in culturing in vitro, the 
cytogenetic analysis of solid tumors has not kept pace with cytogenetics of leukemias and 
lymphomas. Further, the presence of multiple clonal abnormalities in many solid tumors, 
observed in later developmental stages, makes it difficult to ascertain which chromosome 
alterations are responsible for the tumor's pathogenesis. Improvements in short-term culture 
techniques and chromosome banding methods, in conjunction with earlier diagnosis of tumors, 
have helped to overcome some of these difficulties. 

Consistent chromosome alterations, which possibly represent primary changes of specific 
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genome regions, have now been identified in some carcinomas, such as breast, lung, kidney, 
prostate, and colon (Table 4-4) (First International Workshop on Chromosomes in Solid 
Tumors, 1986; Second International Workshop on Chromosomes in Solid Tumors, 1987; 

Sandberg, 1990; Heim and Mitelman, 1995; Sheer, 1997; Meltzerand Trent, 1998). Such 
regions have been found to contain either a tumor-suppressor gene or an oncogene, which 
are believed to be involved in either the pathogenesis or progression of the tumor to malignant 
transformation. It has been shown in various tumors that the number of chromosome alterations 
reflects the number of mutations occurring at the molecular level. As the number of 
chromosome alterations increases, so does the malignant potential of the tumor, ultimately 
evolving into a disease less likely to have a good prognosis. 

Advances in methodology have made possible the detailed examination of the karyotypes of 
several tumor types, such as some sarcomas, testicular and kidney cancers, and 
neuroblastoma (Sandberg, 1985, 1990). These advances have led to the description of a 
number of specific chromosomal changes in solid tumors, which have opened the door to more 
detailed molecular definition of the genes involved in the tumors' behavior and progression. As 
in leukemias, the combination of cytogenetic and molecular analysis is likely to lead to a 
definition of subtypes within existing tumor groups. These may influence the diagnosis, 
classification, development of therapeutic approaches, and prognostic aspects of these tumors. 

An example of the impact of genetics on solid tumors is the discovery of breast cancer genes 1 
and 2 (BRCA1 and BRCA2) that, if mutated, put a woman at risk for the development of breast 
or ovarian cancer (Vogelstein and Kingler, 1998; also see Chaps. 16 and 29). Still further 
advances may be expected with molecular classification of disease processes or genomics 
(Golub et al, 1999; Dohner et al, 2000; Guttmacher and Collins, 2002). 

Normal Karyotypes in Cancer 

The presence of normal diploid karyotypes in preparations from leukemic cells or solid 
tumors has generally been assumed to be due to the presence of normal cells, although it 
cannot be ruled out with certainty that such cells are not cancerous or leukemic and may, in 
fact, have a submicroscopic genetic change not discernible with cytogenetic techniques. The 
normal cells in such preparations as bone marrow in leukemia may be of normoblastic, 
fibroblastic, or uninvolved leukocytic origin. In solid tumors, a similar situation may be 
encountered and, in all probability, the diploid cells are of fibroblastic (or other stromal cell) 
and/or leukocytic origin. 

There is no doubt, however, that many cancer cells have a diploid DNA content, measured by 
flow cytometry and image analysis of cancer of the breast and other organs (summary in Koss 
et al, 1989; see also Chaps. 46 and 47). 

At the molecular level, it is possible that a diploid cell is altered in some way. Such 
submicroscopic alterations can be detected by molecular techniques and are usually defined as 
loss of heterozygosity (LOH). LOH involves the removal or inactivation of a tumor 
suppressor gene and it can be brought about by various mechanisms (Knudson, 1986; Lewin, 

1997). 
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To document LOH, the tumor DNA is cut into segments of varying length by an endonuclease 
(see Chap. 3). The resulting DNA fragments are separated by gel electrophoresis, and the 
segment with a selected gene is marked by binding a labeled cDNA. Because of individual 
variability, the two DNA fragments containing the genes that are derived from maternal and 
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paternal chromosomes will be of different lengths and will appear as two bands on the gel. If 
one gene is mutant and, therefore, fails to bind the cDNA there will be only one band (hence, 
loss of heterogeneity; LOH). 



TABLE 4-4 RECURRING CHROMOSOME ABNORMALITIES IN HUMAN SOLID TUMORS 
Tumor Type Primary Karyotype Abnormalities 



Bladder 


+7; del(10)(q22-q24); del(21)(q22) 


Brain, rhabdoid tumor 


-22 


Breast (adenocarcinoma) 


-17; i(1q); der(16)t(1;16)(q10;p10) 


Colon (carcinoma) 


+7; +20 


Ewing's sarcoma 


t(1 1 ;22)(q24;q1 2) 


Giant cell tumors 


+8 


Glioma 


+7; -10; -22; -X; +X; -Y 


Kidney (renal cell) 


del(3)(p14-p21); del(3)(p1 1 -pi 4) 


Liposarcoma 


translocations of 12q13-q14 


Liposarcoma (myxoid) 


t(1 2; 1 6)(q1 3;p1 1 ) 


Lung (adenocarcinoma) 


del(3)(p14p23); +7 


Lung (small cell) 


del(3)(p14p23); +7 


Lung (squamous cell) 


+7 


Meningioma 


-22; +22; -Y; del(22)(q11-q13) 


Neuroblastoma 


del(1)(q32-p36) 


Ovarian carcinoma 


+12; +7; +8; -X 


Prostate 


del(10)(q24); +7; -Y 


Retinoblastoma 


i(6p); del(1 3)(q1 4. 1 ql 4. 1 ) 
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Rhabdomyosarcoma 



t(2; 1 3)(q37;q1 4);t(1 ; 1 3)(p36;q1 4) 



Synovial sarcoma 



t(X;18)(p11;q11) 



Testicular carcinoma 



i(12p) 



Thyroid (adenocarcinoma) 



inv(10)(q11q21) 



Uterus (adenocarcinoma) 



+10 



Wilms' tumor 



del(11)(p13p13); del(1 1 )(p1 5p1 5) 



Meltzer PS, Trent JM: Chromosome rearrangements in human solid tumors. In: The 
genetic basis of human cancer, Vogelstein B, Kinzler KW, eds. McGraw Hill, NY, 1998. 



ADVANCES IN GENETIC DIAGNOSTIC TECHNIQUES 

The use of higher-resolution molecular cytogenetic techniques, such as fluorescent in situ 
hybridization (FISH) and multicolor hybridization analysis (M-FISH/SKY), have contributed 
enormously to the advancement of knowledge about the regions of the genome that are 
involved in the development and progression of genetic and malignant diseases. These 
techniques utilize DNA probes and libraries to identify and position DNA sequences 
along the length of a chromosome and require actively dividing cells. On the other hand, 
techniques such as comparative genomic hybridization (CGH) and DNA hybridization 
arrays require only DNA or RNAof the target cells or tissues and do not depend on cell 
division. Each of these techniques is discussed in further detail below. 

Fluorescent In Situ Hybridization 

Fluorescent in situ hybridization (FISH) is a molecular cytogenetic technique, which permits 
direct visualization of a DNA sequence on a specific chromosome site. DNA sequences 
ranging in size from <1 kb to several hundred megabases can be rapidly and accurately 
positioned at a specific chromosome site. The DNA probe is first labeled with an 
immunofluorescent compound such as biotin-1 1-dUTP or digoxigenin-11-dUTP, and is then 
hybridized overnight either to metaphase chromosome or interphase preparations. The 
resultant fluorescent signal where homologous sequences have joined together is detected 
under ultraviolet light with filters capable of resolving wavelengths specific to the fluorescent 
compound (Foxetal, 1995). 

This technology has facilitated the construction of a 



physical map of genome regions, which play a critical role in genetic or malignant disorders. 
As mentioned above, DNA probes are now commercially available and are designed to detect 
microdeletions such as the absence of the elastin (ELN) gene at chromosome region 7q11, 
associated with the appearance of Williams syndrome. Deletion of the ELN gene is not 
detectable by either standard- or high-resolution cytogenetic analysis, but is easily detected 
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with fluorescent in situ hybridization. Commercial probes can detect the sequences that would 
be lost if the microdeletion event occurred, in addition to containing a probe, which would 
identify the chromosome itself, in this case a chromosome 7-specific sequence (see Fig. 4-26). 

In addition to sequence-specific probes, probes have been constructed that are able to identify 
whole chromosomes or chromosome arms. Such “painting” probes are generated, either 
by flow sorting of select chromosomes or by microdissecting chromosome bands directly from a 
metaphase preparation. Painting probes have been used to identify and define structural and 
numerical alterations of chromosomes in the metaphase and in the interphase stage 
(see Fig. 2-31) (Ried et al, 1998; Koss, 1998; Ludecke et al, 1989). 

Spectral Karyotyping and Multicolor FISH 

Spectral karyotyping (SKY) and multicolor FISH (M-FISH) are adaptations of the FISH 
technology and are being used to identify unusual structural and numerical chromosome 
alterations, particularly in neoplastic diseases. This technology uses a combination of 
specialized filters along with at least five different immunofluorescent compounds that are 
combined in different proportions to produce a range of different colors, so that a specific color 
precisely and consistently identifies each chromosome. Multicolor/spectral karyotyping makes it 
possible to identify the origin of chromosome material, which produces a marker chromosome 
arising from a rearrangement of sequences from two or more differing chromosomes (Ried et al, 

1997; Veldman et al, 1997; Chudoba et al, 1999; Hilgenfeld et al, 1999; Ning et al, 1999). 




Figure 4-29 The Philadelphia chromosome results from a translocation t(9;22)(q34;q11.2) 
which fuses the c-abl proto-oncogene on chromosome 9 to the bcr (breakpoint cluster 
region) on chromosome 22. A probe detects the bcr/abl gene fusion (Philadelphia 
chromosome) in interphase cells. The bcr sequences are directly labeled with 
SpectrumGreen fluorophore and the abl sequences are directly labeled with 
SpectrumOrange fluorophore. Separated green and red signals indicate unrearranged 
chromosomes 22 and 9 respectively, while yellow signal indicates fusion of bcr/abl 
sequences. The majority of interphase cells show fusion signals and confirms diagnosis of 
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Chromosome Microdissection 

This is another relatively new technique, which helps to define chromosome segments or 
marker chromosomes that are not identifiable by conventional cytogenetic techniques. A 
chromosome region of unknown identity is dissected out of a metaphase either manually, using 
a microdissecting needle, or with a laser. DNAis isolated from the micro dissected fragments, 
labeled with a fluorescent tag, and a micro-FISH probe is constructed. The resulting DNA 
probe will hybridize to corresponding sequences on normal chromosomal metaphases 
to identify the origin of the unknown segment. This technique has been successfully used to 
identify the origin of marker chromosomes in both genetic and malignant diseases 
(Ludecke et al, 1989; Cannizzaro, 1996; Cannizzaro, 1997). It has also proved useful in 
generating DNA probes directly from commonly altered genome regions in an effort to 
determine how and which genes are repositioned as a result of the alteration. 

One of the most important uses of the FISH technology is the determination of a gene's 
orientation in relation to another gene or group of genes after either a translocation or an 
inversion (Shi and Cannizzaro, 1996; Cheng etal, 2001). A gene placed in a new position as 
a result of a chromosome alteration will most likely produce an altered form of the 
gene product. For example, as described, a translocation between the long arms of 
chromosomes 9 and 22, results in producing the Ph chromosome, and is diagnostic of chronic 
myelogenous leukemia (CML) (see Fig. 4-28). This 9;22 translocation results in fusing DNA 
sequences, bcr (breakpoint cluster region) from chromosome 22, and the protooncogene, abl, 
from chromosome 9, and produces an altered gene product (bcr:abl). Sequences from the two 
involved chromosomes are labeled with two different immunofluorescent compounds, one 
producing a green signal, and the other producing a red signal. Fusion of bcr:abl sequences 
from the two chromosomes can then be detected as a yellow signal produced by the 
overlapping red and green signals from each of the 
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involved chromosomes (Fig. 4-29). This translocation event is detectable in the 
interphase, permitting a diagnosis even in those cases where the patient's cells are not 
dividing and, hence, do not form metaphases or have been subjected to chemotherapy or 
radiation therapy. Similar translocation or fusion products can now be detected and identified 
for several different malignant events because of consistency of the altered DNA sequences. 

Comparative Genomic Hybridization 

In recent years, the technique of comparative genomic hybridization (CGH) has been 
introduced. This technique can generate a genetic profile of a tumor cells' DNA in interphase. 

The signal advantage of this technique is that it requires only a small amount of tumor DNA 
(2 pg per experiment). The labeled tumor DNAis hybridized with normal metaphases, 
competing with a differently labeled tumor DNA of known makeup. The resulting hybridized 
metaphases are analyzed by a computer program that determines gains or losses of 
individual chromosomes. CGH studies of a variety of tumors have yielded a significant 
amount of new information regarding regions of the genome, which contain potential tumor 
suppressor genes or candidate tumor promoter genes. In many of these tumors, this technology 
has detected alterations in genome regions that had not been detected previously either by 



217/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 4 - Principles of Cytogenetics 

cytogenetic or molecular analysis (DuManoir et al, 1993; Ried et al, 1997). 
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Figure 4-30 A Karyotype produced from comparative genomic hybridization (CGH) 
analysis of an adenocarcinoma from a lung biopsy. Fluorescent red signals along several 
chromosome regions indicate areas of the genome, which are underrepresented. 
Fluorescent green signals along several chromosomes, especially chromosomes 1, 7, 
and 8 indicate areas of the genome, which are overrepresented in this tumor. B. CGH 
profile analysis of the same tumor showing the ratios of the tumor DNAto the reference 
DNA. The critical values of DNAare represented by three vertical lines in the center of 
each map. The tracings either below or above the outer lines represent chromosomal gains 
(right) or losses (left), corresponding to the karyotype shown in A 



Regions of the genome that are either under- or overrepresented in sequence copy number are 
easily identified as fluorescent red or green regions in comparison with the normal genome (Fig. 

4-30). In certain tumors, such as lung, breast, ovary, and prostate, a significant amount of new 
information has been obtained to identify regions of the genome, which may contain potential 
oncogene or tumor suppressor loci (Kallioniemi et al, 1992; Houldsworth and Chaganti, 1994; 
Zitzelsberger et al, 1997). 

As an example of this technique, Figure 4-31 shows the results of CGH applied to DNA 
samples of endometrial glands in atypical hyperplasia and endometrioid carcinoma (Baloglu et 
al, 2001). Gains in chromosome 1 and gains and losses in chromosomes 8 and 10 were the 
most frequent genetic abnormalities that were common to both processes, suggesting their 
similarity or identity (for further comments, see Chap. 14). 
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Figure 4-30 ( continued ) 



DNA Microarray 

The emergence of a new technology known as microarray analysis has caused a surge in 
new information about which genes are involved in different forms of cancer. Previous to the 
initiation of the microarray system, each cancer was studied on a gene-by-gene basis, primarily 
using Northern blot analysis or reverse transcriptase-PCR (RT-PCR) analyses to 
determine the level of expression of a specific gene in a cancer. The microarray technology 
consists of a slide or chip dotted with DNA from thousands of genes, which can serve as 
probes for detecting which genes may be active in cancer cells from different types and stages 
of tumors. The mRNA is obtained from fresh tumor tissue and serves as a template to create 
the corresponding cDNA. The cDNAfrom cancer cells is given a red fluorescent label, while 
those from normal cells get a green label. Equal amounts of the two cDNAs are applied to the 
array; a red signal indicates higher expression of the gene in cancer cells, a green signal 
indicates higher expression of the gene in normal cells, while a yellow signal indicates an equal 
expression of that gene in both normal and cancer cells (Fig. 4-32). As a result, it is now 
possible to determine the level of expression of an enormous number of genes corresponding 
to a particular type and stage of cancer (Schena et al, 1995; DeRisi et al, 1996; Shalon et al, 
1996; Brown and Botstein, 1999; Freeman et al, 2000; Rosenwald et al, 2002; summary in 
Macosca, 2002). 

The microarray analyses have been performed on some leukemias and some solid tumors. 
Preliminary studies of a series of patients with either AML or ALL show two distinct patterns of 
gene expression (Golub et al, 1999). Similar results were obtained in a subsequent study of 
patients with diffuse large-cell lymphoma, a common type of non-Hodgkin's lymphoma. In a 
study of 40 patients, the microarray gene expression profiles indicated the patients could be 
divided into two groups, with one group expressing genes turned on in B cells in the spleen and 
lymph nodes during an immune response, while the other group did not express these genes, 
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but expressed a set of genes, which are stimulated to divide an antigen. The expression 
profiles also correlated well with prognosis of the two groups of patients, with the first group 
faring better than the second (Freeman et al, 2000). A recent study of breast cancer occurring 
in patients with either BCG1 or BCG2 mutations suggested some differences between these 
two groups of tumors do occur but their significance is unknown (Hedenfalk et al, 2001). 

Microarray analyses are becoming an important tool to sort out the differences in different types 
and stages of cancer; however, the interpretation of findings is extremely difficult. It is 
hoped that ultimately this information will help in the development of new drugs designed to 
influence specific target cells and, thus, will enhance the effectiveness of a therapeutic 
regimen. 
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Figure 4-31 Synthetic profiles of comparative genomic hybridization (CGH) of atypical 
hyperplasias and endometrioid carcinomas, showing gains (green) and losses (red) in 
individual chromosomes. Yellow masks denote noninformative areas excluded from 
analysis. The case designation is by numbers on top of bars. Cases 1 to 5 are atypical 
endometrial hyperplasias with minimal (case 1), moderate (cases 2 and 3), and marked 
(cases 4 and 5) nuclear abnormalities. The remainder is cases of well-differentiated (low- 
grade) endometrioid carcinoma (cases 6, 7, 8, and 9), poorly differentiated (high-grade) 
endometrioid carcinoma (case 10), and the squamous component of a poorly differentiated 
carcinoma (case 11). 
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Figure 4-32 cDNA microarray analysis of squamous cell carcinoma of the head and neck 
region (HNSCC). RNAfrom HNSCC was compared to RNAfrom normal, adjacent 
epithelium. The array contains 27,323 cDNA clones. Red spots = overexpression in 
HNSCC; green spots = underexpression in HNSCC; yellow spots = equal expression in 
HNSCC and normal tissue; black = no expression in either sample. The interpretation of 
microarray results is difficult and time-consuming. (Courtesy of Drs. Thomas J. Belbin, 
Michael B. Prystowsky, and Geoffrey Childs, Albert Einstein College of Medicine and 
Montefiore Medical Center, Bronx, NY.) 



Appendix 

GLOSSARY OF CYTOGENETIC TERMS 

P: 

short arm of a chromosome (from French, petit) 
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q: 

long arm of a chromosome (letter following p) 

+: (plus sign): 

added chromosome (+ 8) or chromosomal segment (8q+) 

(minus sign): 

lost (deleted) chromosome (-7) or chromosomal segment (5q-) 

t: 

translocation (exchange) between chromosomes and chromosomal segments 

Example: t(9; 11) (q31;q21.1) = translocation involving breaks at band q31 on chromosome 9 

and band q21.1 on chromosome 11 

del: 

deletion, followed by chromosome number, arm (short = p, long = q) and, if known, band 
number. 

Example: del(13q14) = deletion from chromosome 13 of band 14 located on the long arm of the 
chromosome (location of retinoblastoma gene) 



isochromosome, followed by chromosome number and arm. 

Example: i(5p), duplication of short arm of chromosome 5 (change observed in bladder cancer) 

inv: 

inversion, upside-down position of a segment of a chromosome 
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5 

Recognizing and Classifying Cells 



Light microscopic examination of stained cells in smears is the method of choice of diagnostic 
cytology. It allows classification of most normal cells as to type and tissue of origin. It also 
allows the recognition of cell changes caused by disease processes, discussed in general 
terms in Chapters 6 and 7 and, more specifically, in subsequent chapters. 

GENERAL GUIDELINES 

The study of cells in smears should take place at several levels: 

■ A rapid review of the smear with a 10* objective provides information on the makeup of the 
sample and its cell content. This preliminary review will tell the observer whether the smear is 
appropriately fixed and stained and will provide initial information on its composition. Smears 
containing only blood or no cells at all are usually considered inadequate, with some very 
rare exceptions. 

■ If the smear contains cells other then blood cells, it should be examined with care. A careful 
review of the material or screening of smears with a 10* objective is usually required to 
identify abnormal cells that may be few in number. Screening is mandatory in cancer 
detection samples from “well” patients. A microscope stage should be utilized. The methods 
of screening are described in Chapter 44. 

■ The screening of the smear should lead to the preliminary assessment of the sample 
and answer the following questions: (1) Does the cell population correspond to the organ of 
origin? (2) If the answer is positive, the next question pertains to the status of the cell 
population: (a) is it normal? (b) does it show nonspecific abnormalities of little consequence 
to the patient? or (c) Does it show abnormalities pertaining to a recognizable disease state 
that can be identified? 

To answer these questions, fundamental principles of cell classification must be presented. 

CELL CLASSIFICATION 
An Overview of the Problem 

In general, the derivation, type of cells, and sometimes their function, are reflected in 
the cytoplasm, whereas the nucleus offers information on the status of the DNA, which is 
of particular value in the diagnosis of cancer. Some cells that lack distinct cytoplasmic or 
nuclear features may be very difficult to classify. Nuclear and nucleolar changes in cancer are 
described in detail in Chapter 7. 

Knowledge of the rudiments of histology is necessary for cell classification. For all practical 
purposes, the cells encountered in cytologic samples are of epithelial and nonepithelial 
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origin. The most common cell types will be discussed here. Other cell types will be described 
as needed in appropriate chapters. 

With the development of monoclonal or polyclonal antibodies to specific cell components, 
still further insights into cell derivation and function can be achieved by 
immunocytochemistry. An immunochemical analysis of the components of the cell 
skeleton, such as the intermediate filaments, of cell products, such as various hormones, and 
of immunologic features vested in the cell membrane, allows additional analysis and 
classification of cells (see Chap. 45). 

An additional point must be made in reference to the comparison of tissue sections and 
cells of the same origin. 

P.120 

In tissue sections, the cells are often cut “on edge” and are seen in profiles. In cytologic 
preparations, the cells are whole and are generally flattened on a glass slide, usually 
affording a much better analysis of the cell components. Aschematic comparison of histology 
and cytology is shown in Figure 5-1. A description of the principal tissue and cell types 
observed in diagnostic cytology is provided below. 

Epithelial Cells 

An epithelium (plural: epithelia) is a tissue lining the surfaces of organs or forming 
glands and gland-like structures. Similar epithelia may occur in various organs and organ 
systems. There are four principal groups of epithelia: (1) squamous epithelia, synonymous 
with protective function; (2) glandular epithelia with secretory functions; (3) ciliated 
epithelia; and (4) the mesothelia. 

Squamous Epithelium 
Histology 

The squamous epithelium is a multilayered epithelium that lines the surfaces of organs that are 
in direct contact with the external environment. Two subtypes of this epithelium can be 
recognized: the keratinizing type, occurring in the skin and the outer surface of the vulva 
and the non-keratinizing type, occurring in the buccal cavity, cornea, pharynx, 
esophagus, vagina and the inner surface of the vulva, and the vaginal portio of the 
cervix. The differences between the two subtypes of squamous epithelium reside in their 
mechanisms of maturation and formation of the superficial layers, discussed below. 

Squamous epithelium is organized in multiple layers. Starting at the bottom of the epithelium, 
resting on the lamina propria, to the top of the epithelium, facing the surface, four principal 
layers can be distinguished, although the separation of the layers is arbitrary. The bottom, 
basal layer, is composed of small cells. Immediately above are the parabasal layers, 
composed of two or three layers of somewhat larger cells, which blend with the next 
intermediate layers, composed of several layers of larger cells. The fourth superficial layers 
of the squamous epithelium are composed of a variable number of layers of the largest cells. 
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ciliated epithelium 
with mucus-secretina 
cells 




Figure 5-1 Comparison of histology and cytology of three common types of 
epithelia. A Squamous epithelium. The cells are provided with a rigid skeleton of 
intermediate filaments; hence, they are resistant to injury. The cells vary in size and 
configuration, depending on the layer of origin. Cells from the superficial layer are large, 
with abundant cytoplasm and small nuclei. Cells from the intermediate and parabasal 
layers are smaller and have an open, spherical nuclei (vesicular nuclei). Cells from the 
basal layer are still smaller, but the nuclear structure is identical with that of parabasal 
cells. B. Glandular epithelium. These epithelia are usually quite fragile and are often 
injured, hence, poorly preserved. The cells may vary in size from cuboidal to columnar. 
Small contractile myoepithelial cells often accompany glandular cells. C. Ciliated epithelium 
with mucus-secreting cells. The ciliated cells are readily recognized because of the flat, 
cilia-bearing surface and a thing, taillike opposite end. The mucus-producing cells (goblet 
cells) are of a similar configuration but have no cilia, and their cytoplasm is distended with 
mucus-containing vacuoles. 



The epidermis of the skin is the prototype of squamous epithelium ( Fig. 5-2). The features 
conferring special strength on this epithelium are keratin filaments of high relative 
molecular mass, and numerous desmosomes, cell junctions that are very difficult to disrupt 
(Fig. 5-3; see also Fig. 2-13). 



The growth of the squamous epithelium is in the direction of the surface, that is, the cells 
move from the basal layer, to parabasal layers, to intermediate layers, to superficial 
layers. The most superficial cells are cast off. Under conditions of health, the small cells of 
the basal layer are the only cells in this type of epithelium that are capable of mitosis. It 
should be noted that the cells of the basal layer have several different functions: some 
anchor the epithelium to the basement lamina, some provide new basal cells to ensure the 
survival of the epithelium, and some produce cells that are destined to mature and thus form the 
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bulk of the epithelium. There are no morphologic differences among the basal cells with 
different functions. 

As the cells transit from the basal to the more superficial layers, they are programmed to 
gradually increase the size of their cytoplasm. The increase in the size of the cytoplasm is 
accompanied by an increase in the intermediate keratin filaments of high relative molecular 
weight (see Fig. 2-27). As the cells progress through the stages of maturation, they are bound 
to each other by desmosomes, until they reach the superficial layer, where the desmosomes 
disintegrate to allow shedding of the most superficial cells. The process of cytoplasmic 
maturation is accompanied by nuclear changes. The nuclei of the basal, parabasal, and 
intermediate layers of squamous cells appears as spherical, open (vesicular) structures, 
measuring approximately 8 pm in diameter. As the cells transit from the intermediate to 
superficial layers, their nuclei shrink and become condensed (nuclear pyknosis). 

P.121 




Figure 5-2 Histologic section of normal human skin as an example of squamous 
epithelium with protective function. Note the small cuboidal cells of the basal layer 
adjacent to connective tissue of the dermis (bottom). The surface is formed by several 
“basketweave” layers of anucleated squames. The bulk of the epithelium is composed of 
intermediate cells. Scattered cells with clear cytoplasm are the Langerhans' cells, 
representing the immune system. 
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Figure 5-3 Electron micrograph of middle layer of human epidermis. The nuclei (N) 
are surrounded by a perinuclear clear zone free of filaments. The remaining cytoplasm 
shows an abundance of intermediate filaments forming aggregates (bundles) seen in 
longitudinal, oblique, or transverse section. Many of the filament bundles terminate on the 
numerous desmosomes, some identified by arrows. The integrity of the desmosomes 
accounts for the cohesion of this type of epithelium, (x 18,000.) (Courtesy of the late Dr. 
Philip Prose, New York University, New York.) 
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The differences between the two subtypes of the squamous epithelium are evident in the 
superficial layers: in the nonkeratinizing squamous epithelium, the superficial cells are cast 
off, while still retaining their nuclei (see Chaps. 8 and 19). In the keratinizing squamous 
epithelium, such as the epidermis of the skin, the superficial cells continue to accumulate 
keratin filaments, which obliterate the nucleus until the cell becomes an anucleated, keratinfilled 
shell (anucleated squames). The anucleated squames of the epidermis form a superficial 
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horny layer, which provides the best protection against injury (see Fig. 5-2). 

Under abnormal circumstances, formation of a horny layer may also occur in 
nonkeratinizing squamous epithelia, resulting in white patches visible with the naked eye, 
and, therefore, known as leukoplakia (from Latin, leukos = white and plax = plaque). This 
condition may occur in the uterine cervix or the buccal cavity and is described in the appropriate 
chapters. 

Squamous epithelia are also provided with cells with immune function, the Langerhans' 
cells, characterized by clear, transparent cytoplasm (see Fig. 5-2). These cells appear to 
mediate a broad variety of immunologic responses of the squamous epithelia to environmental 
and internal stimuli (summary in Robert and Kupper, 1999). 

Cytology 

Cells derived from squamous epithelia are usually quite resilient to manipulation and often 
retain their shape because of high keratin content. In general, these cells tend to be flat, 
polygonal, and sharply demarcated, and they vary in size according to the layer of 
origin. The smallest cells, measuring about 10 pm in diameter, are the basal cells, which are 
very rarely seen in normal states. Parabasal cells, derived from the parabasal layers, are 
somewhat larger, measuring from 10 to 15 pm in diameter. Intermediate cells, derived from 
the intermediate layers, are still larger, measuring from 15 to 40 pm in diameter. The superficial 
cells are the largest, measuring from 40 to 60 pm in diameter. The cells derived from the basal, 
parabasal, and intermediate layers show spherical nuclei, resembling open vesicles, with 
delicate chromatin, hence the term vesicular nuclei, measuring about 8 pm in diameter. The 
superficial squamous cells derived from non-keratinizing squamous epithelium, show small, 
condensed, and dark nuclei that are often encircled by a narrow clear cytoplasmic zone of 
contraction. Such nuclei are referred to as pyknotic nuclei (from Greek, pyknos = dense) 

(Figs. 5-4 and 5-5). Anucleated squames, derived from keratinizing squamous epithelium, 
appear as polygonal, transparent structures without visible nuclei. The staining 
characteristics of the cytoplasm in cytologic preparations presumably depends on the 
species of keratin filaments. The cytoplasm of the superficial cells is usually eosinophilic. The 
cytoplasm of cells from the lower cell layers is usually basophilic. These staining properties may 
be modified by exposure to air-drying, which often results in a tinctorial change from basophilic 
to eosinophilic. 
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Figure 5-4 Diagrammatic representation of a squamous epithelium (other than 
epidermis of the skin), comparing the morphologic designation of cell types and their 
derivation from various epithelial layers. 



Other Protective Epithelia 

Variants of squamous epithelium, often highly specialized, may be observed in a variety of 
organ systems, for example, in the lower urinary tract and the larynx. The special features of 
these epithelia and the cells derived therefrom are described in the appropriate chapters. 

Epithelia With Secretory Function 
Histology 

These epithelia are found mainly in organs with secretory functions and exchanges with the 
external environment, 
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such as food intake, principally in the digestive tract and associated glands. Similarly 
structured epithelia also occur in other locations, such as the male and female genital tracts. 

Secretory epithelia that line the surfaces of organs, such as the intestine and the endocervix, 
form invaginations or crypts, or may be organized in glands connected with the surface by 
ducts. Single cells of secretory type may also occur as a component of other epithelial types, 
for example, as goblet cells in the ciliated epithelium of the respiratory tract (see Fig. 5-1). 
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Figure 5-5 Mature squamous cells characterized by production of a large, resilient 
cytoplasmic surface. The condensed (pyknotic) nucleus is comparatively small. This cell 
type is eminently suited for the exercise of protective function. (Human buccal epithelium.) 



Secretory epithelia are usually made up of a single layer of cuboidal or columnar cells with 
a clear or opaque cytoplasm and vesicular nuclei (see Figs. 5-1 and 5-6). The nuclei are 
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often located at the periphery of the cells, away from the lumen of the organ. The cytoplasm 
contains the products of cell secretion, such as mucus. The replacements for such epithelial 
cells are provided by small, intercalated basal cells (reserve cells), which, under 
circumstances not clearly defined, replace obsolete glandular cells. The third component of 
secretory epithelia observed only in glands and ducts, such as salivary glands and ducts, is 
a peripheral layer of elongated cells with contractile properties, known as the myoepithelial 
cells (see Fig. 5-1). The function of the myoepithelial cells is to propel the product of cell 
secretions into excretory ducts and beyond. 

Ultrastructural features of secretory epithelia were discussed in Chapter 2. The cells are 
provided with a large Golgi apparatus wherein the synthesis of the products of secretion takes 
place. The superficial cells form tight junctions that protect the internal environment of such 
epithelia. 

Cytology 

When well preserved, the secretory cells are cuboidal or columnar in shape, averaging from 
10 to 20 pm in length and 10 pm in width. Their cytoplasm is transparent because of 
accumulation of products of secretion, usually mucus (Fig. 5-7). The products of secretion are 
packaged in small cytoplasmic vacuoles. It is important to note that secretory cells are often 
polarized, that is, they display one flat surface facing the lumen of the organ. Through that 
surface, the cells products are discharged. The nuclei of the secretory cells are open 
(vesicular), averaging about 8 pm in diameter. The nuclei are either clear (transparent) or 
show moderate granularity, and are often provided with small nucleoli. The cytoplasm of cells 
derived from secretory epithelia is fragile and difficult to preserve. Thus, when these cells are 
removed from their site of origin, they often have poorly demarcated borders and their shape 
may be distorted. The cytoplasm of most secretory cells accepts pale basophilic stains. 




Figure 5-6 Columnar epithelium of normal human colon. Note the opaque columnar 
cells and very many clear goblet cells. (H & E.) 
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Figure 5-7 Mucus-secreting endocervical cells. The cytoplasm of these cells is filled 
with mucus, which remains unstained. The nuclei are pushed to the periphery. Compare 
with electron micrographs of somewhat similar cells (see Figs. 1-15 and 1-19). This is a 
good example of a glandular cell with the cytoplasmic features geared to excretory 
function. 



The myoepithelial cells are seen only in aspirated samples and are recognized by their 
small, comma-shaped, dark nuclei, surrounded by a very narrow rim of cytoplasm (see Chap. 

29). 

Ciliated Epitheiia 
Histology 

The ciliated epitheiia are characterized by columnar, rarely cuboidal cells with one ciliated 
surface that is facing the lumen of the organ. Such cells occur mainly in the respiratory tract, 
where they line the bronchi (see Fig. 1-4 and Chap. 19) but may be also found in the 
endocervix, the fallopian tube, and the endometrium during the secretory phase. As an 
incidental finding, ciliated cells may be occasionally observed in almost any secretory 
epithelium. Very often, the ciliated cells are accompanied by secretory cells that produce 
mucus or related substances, for example, goblet cells in the respiratory tract (see Fig. 5-1). 

The ciliated epitheiia are often stratified, that is, composed of several layers of cells but, as a 
rule, the cilia develop only on the superficial cells facing the lumen. Such epitheiia also contain 
small, intercalated basal cells or reserve cells, which are the source of regeneration of the 
epithelial cells. 

The cilia are mobile structures, normally moving in unison in a single direction. In the 
respiratory tract, the ciliated bronchial cells are covered with a layer of mucus, which is 
propelled by the cilia in a manner similar to a moving sidewalk. 
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Particles of dust or other inhaled foreign material are trapped in the mucus (see Chap. 19). 

Cytology 

The recognition of ciliated cells is easy. These cells are usually of columnar, less often of 
cuboidal configuration, and have one flat surface on which the cilia are readily visible under 
the microscope (see Figs. 1-4 and 5-1). The cilia are anchored in basal corpuscles that form a 
distinct dense layer (terminal plate) near the flat cell surface. If the cilia are destroyed, the 
presence of a flat cell surface provided with a terminal plate may be sufficient to recognize 
ciliated cells. Usually, the cilia have a distinct eosinophilic appearance that differs from 
the usually basophilic cytoplasm. The length and width of these cells vary. The ciliated cells 
of the respiratory tract measure about 20 to 25 pm in length and about 10 pm in diameter. Other 
ciliated cells may be smaller. 

In the respiratory tract, the columnar cells usually show one flat, cilia-bearing surface and a 
comma-shaped, narrow cytoplasmic tail, representing the point of cell attachment to the 
epithelium (see Fig. 5-1 and Chap. 19). The clear or somewhat granular vesicular nuclei, 
measuring about 8 pm in diameter, are usually located closer to the narrow, whip-like end of the 
cells. In other organs, the ciliated cells may be of cuboidal configuration and have more 
centrally located nuclei of a similar type. 

It is of importance to note here that ciliated cells are very rarely observed in cancer. 

Mesothelia 

Histology 

Organs contained within body cavities, such as the lung, the heart, and the intestine, are all 
enclosed within protective sacs lined by specialized epithelia of mesodermal origin. These sacs, 
known as the pericardium for the heart, pleural cavity for the lungs, and peritoneal cavity 
for the intestine, are lined by an epithelium composed of a single layer of flat cells, known as 
mesothelial cells. The sacs are closed and, therefore, the epithelial layer is uninterrupted, 
lining all surfaces of the cavity (Fig. 5-8A). Under normal circumstances, the sacs are filled 
with only a thin layer of fluid that facilitates the gliding of the two surfaces of mesothelial 
cells against each other (see Fig. 5-8B). It is the function of the mesothelial cells to 
regulate the amount and composition of this fluid. Therefore, the mesothelial cells are 
osmotic pumps provided with pinocytotic vesicles and microvilli on both flat surfaces. 
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Figure 5-8 Diagrammatic representation of mesothelial sacs, using the pleural cavity 
as example. The cavity is actually a potential space between the two layers of pleura that 
enclose the lung (A). The circled area is shown in detail in a histologic cross section ( B ) 
and as a sheet of mesothelial cells in a cytologic preparation ( C ). 



Under abnormal circumstances, when the amount of fluid in the body cavity is increased (a 
condition known as effusion), the two opposing layers of the mesothelium separate, and the 
mesothelial cells may form a multilayered epithelium composed of larger, cuboidal cells (see 
Chap. 25). 

Cytology 

Upon removal from one of the body cavities, the cuboidal mesothelial cells may form sheets or 
clusters, in which the adjacent, flattened surfaces of the cells are separated from each other by 
clear gaps (“windows”) filled by microvilli (Fig. 5-8C). When these cells appear singly, they are 
usually spherical and measure about 20 pm in diameter. The perinuclear portion of the 
cytoplasm of mesothelial cells is usually denser than the periphery because of an 
accumulation of cytoplasmic organelles and filaments in the perinuclear location (see Chap. 

25). The clear or faintly granular nuclei of mesothelial cells are usually spherical, measuring 
about 8 pm in diameter. Occasionally, tiny nucleoli can be observed. 

Nonepithelial Cells 
Endothelial Cells 

Endothelial cells lining the intima of blood vessels have many similarities with mesothelial cells 
but are very rarely observed in diagnostic cytology, except in aspirated samples and in 
circulating blood (see Chaps. 28 and 43). These cells are best recognized in capillary vessels 
or as a layer of elongated cells surrounding sheets of epithelial cells. They may be 
immunostained with clotting Factor VIII. 

Tissues With Highly Specialized Functions 

There are numerous specialized types of tissues in the body. 

These are found, for example, in the central nervous system; in the endocrine glands, such 
as thyroid or the adrenal cortex; in highly specialized organs, such as the kidney, liver, 
pancreas; and in the reproductive organs. Their description can be found in appropriate 
chapters. 

Supporting Systems 

A complex multicellular organism cannot function without an appropriate supporting apparatus 
that includes structural support and a well-regulated system of transport, communications, 
and defense. Many of the supportive functions are vested in tissues such as the muscles, 
nerves, bone marrow and cells derived therefrom, which are described as needed in various 
chapters. However, the system of defense (immunity) is of interest in the context of this book. 

The fundamental significance of the immune system has received renewed emphasis within 
recent times when the acquired immunodeficiency syndrome (AIDS) became 
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widespread (see below). AIDS patients are unable to cope with a relatively low-grade malignant 



240 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



5 - Recognizing and Classifying Cells 



tumor (Kaposi's sarcoma), which becomes a highly aggressive neoplasm, and have low 
resistance to multiple infectious agents with resulting death. An understanding of the basic 
features of cells of the immune system in human cytology is sufficiently important to provide a 
brief summary of the salient facts. 

The Immune Cell System 

The basic concepts of the mechanism of resistance to diseases (immunity) were outlined by 
Metchnikoff at the turn of the 20th century. The recent years brought with them major progress 
in our understanding of the role that certain cellular elements play in immunity. A major review 
of the current understanding of the makeup and function of the immune system can be found in 
articles by Delves and Roitt (2000). 

Immunology may be defined as the study of an organism's response to injury, particularly if 
the latter is due to foreign and harmful agents, for example, bacteria or viruses. Immunity is a 
natural or acquired state of resistance to diseases or disease agents, and it comprises all 
mechanisms that play a role in the identification, neutralization, and elimination of such agents. 
Although, in most instances, immunity has for its purpose the preservation of the host organism, 
certain immune processes may be injurious, not only to the disease agents but also to the host. 
Furthermore, the host may become immune to certain components of self, with resulting 
autoimmune disorders or diseases. Loss of immunity may be congenital (primary) or 
secondary, caused by pathologic events, such as HIV-1 infection in AIDS. For a review of 
primary immunodeficiencies, see Rosen et al, 1995. 

Immunity has two broad components: cellular and humoral. Although both have the same 
purpose, namely, the protection of the host, their modes of action are different, even though 
they are dependent on each other. The cell-mediated immunity, vested primarily in T 
lymphocytes, is directed mainly against primary viral infections and against foreign tissues 
(such as transplants). Humoral immunity, vested primarily in B lymphocytes, acts primarily 
against bacterial infections. Macrophages (histiocytes), cells with phagocytic function, are the 
third family of cells involved in the function of the immune system. The activities of the T and B 
lymphocytes and of the macrophages are closely integrated by an intricate system of 
chemical signals, known as lymphokines or cytokines. The failure of one of the links in this 
complex interrelationship may result in severe clinical disorders, such as AIDS. A brief and 
highly simplified account of the basic cellular components of the immune system and their 
interaction is provided below. 




Figure 5-9 Cytospin preparation of a lymphocyte suspension from a normal human 
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tonsil, using an anti-lambda (A) and anti-kappa ( B ) antibody and peroxidase- 
antiperoxidase stain. Cells expressing lambda- or kappa-light chains (dark periphery) are B 
lymphocytes. 



The Lymphocytes 

Until about 1970, the lymphocytes were thought to represent a single family of cells, recognized 
as small, spherical cells (about 8 pm in diameter), with an opaque, round nucleus, and a narrow 
rim of basophilic cytoplasm. Within the past 30 years, enormous progress has been made in 
subclassification of lymphocytes and in understanding their life cycle and function. There are 
two principal classes of lymphocytes: the B lymphocytes and the T lymphocytes. 

B Lymphocytes 

The family of B lymphocytes was first identified by immunocytochemistry. With labeled 
monoclonal antibodies to immunoglobulins, it could be verified, first by fluorescence 
technique and, subsequently, by the peroxidase-antiperoxidase technique that some, but not all, 
lymphocytes secreted immunoglobulins (Fig. 5-9). The immunoglobulin-secreting cells were first 
observed in chickens provided with a large perianal lymphoid organ, known as the bursa of 
Fabricius (Parson's nose). The bursa was shown to be the organ of origin of these cells; 
hence, they were named B lymphocytes or B cells. The B lymphocytes can also be 
characterized by several clusters of differentiation based on features of the cell membrane 
(see below). 

The end stage of maturation of B cells is the plasma cell, known to be programmed to secrete 
one single type of immunoglobulin. The puzzle to be solved pertained to the mechanisms that 
enabled B cells to recognize, from the vast diversity of antigens, that one which would lead to 
the 
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formation of a specific immunoglobulin directed against this antigen. 

Immunoglobulins are composed of four protein chains: two heavy chains and two light 
chains, the latter designated as kappa (k) and lambda (A) (see Chap. 45). Each one of the 
four chains has a constant component, common to all immunoglobulins, and a variable 
region that reflects the specificity of the molecule. The variable region of the light chains is the 
“recognition region,” capable of identifying one of a broad variety of antigens. 

In humans, the B cells originate in the bone marrow from stem cells, common to all 
hematopoietic cells. The cells develop by a series of fairly well-defined stages, prior to their 
release into general circulation, from which they populate primarily the lymphoid organs (e.g., 
the lymph nodes and the spleen). The most important development in the understanding of B 
cells was the mechanism of their immunologic diversity. Tonegawa (1983) proposed that, during 
the development of the B cells, a series of gene rearrangements occurs, resulting in many 
thousands of diverse B cells, each with the specific capability of recognizing a different 
antibody. The genes, known as D (diversity), J (joining), and V (variable region) for the heavy 
chains and V and J for the light chains, are located on several chromosomes: chromosome 14 
(encoding the heavy chains), chromosome 2 (encoding the k -light chains), and chromosome 22 
(encoding the A-light chains). It could be documented that there are several D and J genes and 
several hundred V genes, for both the heavy and the light chains. It is clear that this diversity of 
genes allows an almost astronomical number of variations in the programming of a B cell, each 
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containing one VDJ gene combination for the heavy chain and a VJ combination for the light 
chain. Each B cell is programmed to produce one antibody, which is expressed on the 
surface of the cell (review in Stavnezer, 2000). 

The principal groups of antibodies belong to several groups of immunoglobulins, each with a 
different immunologic advantage. The IgM antibodies stimulate phagocytosis and bacterial 
killing; IgG antibodies stimulate phagocytosis; IgA antibodies protect mucous membranes 
against invaders; IgE antibodies play a role in the elimination of parasites by activating 
eosinophils leading to release of histamine. 

This diversity of B cells enables them to recognize most antigens that they may encounter; if 
the “fit” of the antibody is not perfect, a further somatic mutation may occur in the B cells, 
searching for a perfect fit. Once a correct antigen-antibody match is found, the B cell (with the 
help of specialized T cells) may reproduce itself in its own image and create a clone of cells 
directed against the specific antigen. Mission accomplished, the B cells will die, with the 
exception of a few “memory cells” that may persist and be called into action again if the 
same invader (antigen) threatens the system. 

The various stages of B lymphocyte maturation in the bone marrow have also been recognized, 
because each is fairly accurately characterized by morphologic and immunologic changes. The 
recognition of the maturation stages of the B cell is the basis for contemporary classification of 
malignant proliferation of lymphocytes, such as leukemias or malignant lymphomas (see below 
and Chap. 31). 

Plasma Cells 

Plasma cells are the end stage of the development of B cells and are major providers of 
specific immunoglobulins. Normal plasma cells are somewhat larger than lymphocytes and 
are morphologically readily recognized because of their eccentric nucleus with a spoke-like 
arrangement of chromatin (Fig. 5-10). The cytoplasm contains an accumulation of 
immunoglobulins that may form eosinophilic granules or Russel's bodies. As is consistent with 
their secretory status, the plasma cells contain abundant rough endoplasmic reticulum, as seen 
in electron microscopy (see Chap. 2). 

Malignant tumors composed of plasma cells are known as myelomas or plasmacytomas. 

T Lymphocytes 

The group of lymphocytes, known as T lymphocytes, was first recognized as a relatively small 
subset of lymphocytes (about 10% to 30%) that failed to react with antibodies to 
immunoglobulins characterizing B cells (see above). Subsequently, it was documented that this 
group of lymphocytes was derived from the thymus; hence, their designation as T 
lymphocytes or T cells. The next characteristic identified in T cells was their ability to form 
rosettes with sheep erythrocytes (Fig. 5-11), which documented that they also possess surface 
receptors, albeit different from those of B cells. 

The T cells were also shown to be capable of mitotic activity and proliferation in vitro, 
when stimulated by plantderived substances known as lectins. The lectins commonly used for 
this purpose are phytohemagglutinin, pokeweed agglutinin, and concanavalin A. Stimulated 
resting T lymphocytes 
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convert to lymphoblasts, large cells with large nuclei, often containing one or more visible 
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Figure 5-10 Plasma cells in ascetic fluid (case of multiple myeloma). Note the 
characteristic eccentric position of the nuclei. May Grunwald Giesma stain, OM *160. 
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Figure 5-11 Human T lymphocyte surrounded by a rosette of sheep erythrocytes. (Oil 
immersion.) 



Subsequent work showed that there are several subtypes of T cells. The gene 
rearrangements, described for B cells, also occur in T cells. The subtypes of T cells can be 
identified by antibodies to their membrane receptors (epitopes), known as clusters of 
differentiation (CD) (see below). The two most important subtypes are the helper-inducer 
group, also known as the CD4 or T4 lymphocytes, and the suppressor-cytotoxic group, 
also known as the CD8 or T8 lymphocytes (see Table 5-1 ). The cytotoxic cells are capable of 
destruction of foreign tissue and virus-infected cells. Athird important group of T lymphocytes is 
the “natural killer cells” (NK cells). 

The T lymphocytes are also capable of recognizing molecules belonging to the bearer (the so- 
called human leukocyte antigen or major histocompatibility complex [HLA]) and, 
thereby, are essential in prevention of immunologic response to “self.” For a major review of the 
HLA system, see Klein and Sato, 2000. 

The principal role for the T lymphocytes in the immune system is coordination of the 
activities of the entire immune system by means of substances known as lymphokines, 
cytokines, or interleukins. These substances can stimulate the growth of the bone 
marrow cells (hemopoietic colony -stimulating factor), stimulate macrophages, and 
control the maturation of B lymphocytes. Severe damage to a subset of T lymphocytes 
may produce a major defect in the immune response of patients. As mentioned above, the 
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destruction of the T4 (helper-inducer group) by the human immunodeficiency virus 
type I (HIV-1) leads to AIDS. Robert and Kupper (1999) summarized the current state of 
knowledge of T cells. 

Recognition of various types and subtypes of lymphocytes has led to the contemporary 
classification of malignant lymphomas, discussed in Chapter 31. 

The Cluster of Differentiation (CD) System 

Research into the diversity of lymphocytes has led to the discovery of numerous antibodies to 
various stages of lymphocyte development and function. These antibodies correspond to 
clusters of differentiation (CD), epitopes (receptors) found on the membranes of these 
cells. The CDs are numbered and have various degrees of specificity. There are more than 
1,000 different antibodies to well over 100 CDs. Some of the antibodies were mentioned above: 
the CD 4 antibody recognizing the “helper” T cells and CD 8 recognizing the “suppressor” T 
cells. It is beyond the scope of this chapter and this book to list all of the CDs available today. A 
few of the most commonly used CDs in cytologic preparations are listed in Table 5-1 . It is 
particularly important to recognize that different laboratories may use differently numbered CDs 
for the same purpose, which, in most cases, reduces itself to two questions: (1) Is the cell 
population of lymphocytic origin? and (2) If the answer to the first question is positive, 
what is the precise characterization of the disorder? The significance of this approach is 
of value in diagnostic cytology of poorly differentiated tumors and in classification of malignant 
lymphomas and leukemias. The reader is referred to appended references and to Chapters 31 
and 45 that describes the value of these antibodies in practice of diagnostic cytology. 

The Macrophages (Histiocytes) 

In 1924, Aschoff described the reticuloendothelial system as a variety of cell types occurring 
in many organs that participate in body defenses by phagocytosis. The cells of the 
reticuloendothelial system comprise immobile and mobile cells. The immobile cells, 
such as the endothelial cells or Kupffer cells in the liver, respond to the local needs 

P.128 

of the organ wherein they are located. The mobile cells are the macrophages or 
histiocytes. 



TABLE 5-1 CLUSTERS OF DIFFERENTIATION 
Selected Cluster of 

Differentiation Distribution 



CD2 


T cells, NK subset 


CD3 


Thymocytes and mature T cells 


CD4 


Helper/inducer T cells, monocytes 


CD5 


T cells, B-cell subset, brain 
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CD7 



Earliest T-lineage marker, most T cells, NK cells, ALL, 
10% AML 



CD8 



Suppressor/cytotoxic T cells, NK subsets 



CD10 



Early B and T precursors, pre-B ALL, granulocytes, 
kidney epithelium (CALLA) 



CD15 



Granulocytes, Reed-Sternberg cells 



CD20 



B cells 



CD30 



Activated B and T cells, Reed-Sternberg cells carcinoma 



CD45 



Leukocyte common antigen, multiple isoforms 



CD56 



NK, T subset 



CD138 



Plasma cells (not mature B cells) 



NK, natural killer cells; B CLL, B-cell chronic lymphocytic leukemia; 
AML, acute myeloblastic leukemia; ALL, acute lymphocytic leukemia; 
CALLA common acute lymphoblastic leukemia antigen. 

(Courtesy of Dr. Howard Ratech, Montefiore Medical Center.) 



The macrophages, which are characterized by their capacity to engulf (phagocytize) 
foreign particles, such as bacteria, fungi, protozoa, and foreign material, may achieve very large 
sizes and, therefore, are highly visible in light microscopy. The term macrophage (i.e., a cell 
capable of engulfing large particles) was originally suggested for this group of cells by 
Metchnikoff, to differentiate them from polymorphonuclear leukocytes capable of 
engulfing only very small particles (microphages). The term histiocyte was originally 
coined to suggest cells with properties similar to those of macrophages, yet found 
predominantly in tissues. The two terms are used interchangeably, although the current trend is 
to favor the term macrophage. Both terms will be used simultaneously in this work to 
acknowledge wide usage of the terms histiocyte and histiocytosis in pathology. The inability of 
macrophages to perform the phagocytic function results in a number of life-threatening 
disorders (Lekstrom-Himes and Gallin, 2000). 

Current evidence suggests that macrophages are derived from monocytes of bone 
marrow origin (see Chap. 19). The actual differentiation and maturation of macrophages takes 
place in the target tissue. The activation of precursor cells into macrophages is mediated by T 
lymphocytes by means of specific soluble factors or lymphokines. The changes occurring 
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during activation may be conveniently observed in tissue cultures in vitro. The round, small 
precursor cells become markedly enlarged when spread on glass and acquire a number of 
dense cytoplasmic granules, which have been identified as lysosomes by electron microscopy 
(Fig. 5-12). 




Figure 5-12 Unstimulated and stimulated rat peritoneal macrophages in tissue 
culture (phase contrast microscopy). A. Unstimulated macrophage. The cell is small, 
rounded, and shows no cytoplasmic activity of note. The nucleus is central. B. Stimulated 
macrophage. Note the large size of the cell containing numerous lysosomes that appear as 
dark cytoplasmic granules. The nucleus is eccentric, (x 4,400.) (Adams DD, et al. The 
activation of mononuclear phagocytes in vitro: Immunologically mediated enhancement. J 
Reticuloendothel Soc 14:550, 1973.) 



Once differentiated, the macrophages in the tissue may remain mobile or may lose their 
mobility and become fixed. This occurs particularly in certain chronic inflammatory processes, 
such as tuberculosis. In the latter situation, the macrophages assume an epithelial 
configuration in clusters or sheets (epithelioid cells), usually accompanied by 

multinucleated giant cells. 

In diagnostic cytology, macrophages play an important role and their recognition is sometimes 
essential. Macrophages may be mononucleated or multinucleated. Mature 
mononucleated macrophages in light microscopy are cells of variable sizes. The nucleus is 
round or kidney-shaped. The cytoplasm is filled with small vacuoles but often contains granules 
or fragments of phagocytized material. In actively phagocytizing cells, the nucleus is often 
peripheral (Fig. 5-1 3A). In scanning electron microscopy, the macrophages have been shown to 
have surfaces provided with flanges and ridges that are fairly characteristic of these cells (see 
Chap. 25). 

The multinucleated macrophages (polykaryons) result from fusion of mononucleated 
macrophages and may reach huge sizes (Mariano and Spector, 1974). In some of these cells, 
the nuclei are arranged at the periphery in an orderly fashion (Langhans' or Touton's cells). In 
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other multinucleated macrophages, the nuclei are dispersed throughout the cytoplasm (Fig. 5- 
13B). 

Macrophages are activated by lymphokines from specifically sensitized T lymphocytes. 

Activated macrophages are 
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also capable of secreting numerous products that, in turn, may regulate functions of 
lymphocytes and help in disposing of phagocytized particles. 
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Figure 5-13 Macrophages. A. Mononucleated macrophages (ascitic fluid). Note the 
peripheral position of the nuclei within the finely vacuolated cytoplasm. B. Large 
multinucleated macrophage (vaginal smear), surrounded by squamous and inflammatory 
cells. There is evidence of phagocytosis of cells and cell fragments in the cytoplasm. 



Macrophage deficiencies have been observed in AIDS wherein these cells may be infected by 
HIV-1. In some situations, close contacts between macrophages and cancer cells have 
been observed (Fig. 5-14). The significance of these observations is not clear. 



Phagocytic Properties of Cells Other Than Macrophages 

Wakefield and Hicks (1974) have shown that, under certain experimental circumstances, cells 
of bladder epithelium are capable of phagocytosis of erythrocytes. It is also known that cells of 
endometrial stroma may acquire phagocytic properties at the time of menstrual bleeding. 
Sporadic examples of phagocytosis by benign and malignant cells have been observed. Little is 
known about the biologic circumstances that lead to these events. 
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Figure 5-14 Scanning electron micrograph of an extensive contact between a 
macrophage, shown as a large cell characterized by surface ruffles, and a small 
lymphocyte with surface covered by microvilli. (Pleural effusion. Approx. x4,000.) (Courtesy 
of Dr. W. Domagala, Montefiore Hospital, New York.) 



Cancers Derived From the Immune Cell System 

The observations summarized above have led to further characterization of the origin of many 
malignant diseases derived from cells that constitute the immune cell system. Most chronic 
lymphocytic leukemias, non-Hodgkin's lymphomas, Burkitt's lymphomas, and all 
Waldenstrom's macroglobulinemias are of B-cell origin, whereas the neoplastic cells of 
some non-Hodgkin's lymphomas, the rare Sezary syndrome, and 1% to 2% of patients with 
chronic lymphocytic leukemia are of T-cell origin. Multiple myeloma is derived from 
plasma cells. The cells of leukemic reticuloendotheliosis and histiocytic medullary reticulosis 
are thought to arise from macrophage precursors. For further comments on classification of 
lymphomas, see Chapter 31. 

The Blood Cells 

Only a brief mention of blood cells will be made here. Erythrocytes and leukocytes may be 
found with reasonable frequency in cytologic material and knowledge of their morphologic 
features is essential. Since hematology is not a part of this book, the reader is referred to other 
sources for a more detailed discussion. 



Well-preserved erythrocytes in cytologic material indicate fresh bleeding, resulting from 
breakage of blood vessels. This injury may be due either to a physiologic process, such as 
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menstrual bleeding, a disease process, a mechanical trauma, or iatrogenic procedure. 

As a rule, the neutrophilic polymorphonuclear leukocytes are associated with acute 
inflammatory processes. In small numbers, they may be physiologically present in cytologic 
material of various origins. 
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Eosinophilic polymorphonuclear leukocytes (eosinophils) are associated with allergic 
processes, such as asthma or hay fever or response to a parasitic infection. In other 
situations, the role of basophilic polymorphonuclear leukocytes (basophils) remains 
obscure. Megakaryocytes may be observed in cytologic material, as described in Chapters 8, 

19, 25, 30, and 47. 
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6 

Morphologic Response of Cells to Injury 



The purpose of diagnostic cytology is to recognize processes that cause cell changes that 
are identifiable under the light microscope, supplemented, when necessary, by 
cytochemistry, immunocytochemistry, electron microscopy, or molecular biologic techniques 
(see Chaps. 2, 3, and 45). In this chapter the causes and effects of various forms of injury to 
the cells are discussed. Benign and malignant neoplasms (tumors) will be discussed in Chapter 
7. 

CAUSES OF CELL INJURY 

Injury to the cells may be caused by numerous agents and disease states. A brief listing of the 
most significant sources of recognizable cell abnormalities observed in diagnostic cytology is as 
follows: 

I. Physical and Chemical Agents 

A. Heat 

B. Cold 

C. Radiation 

D. Drugs and other chemical agents 

II. Infectious Agents 



A. 


Bacteria 


B. 


Viruses 


C. 


Fungi 


D. 


Parasites 


III. Internal Agents 



A. Inborn, sometimes hereditary genetic defects of cell function 

1. Storage diseases (e.g., Tay-Sachs and Gaucher's diseases) 

2. Metabolic disorders (e.g., phenylketonuria) 

3. Faulty structure of essential molecules (e.g., sickle cell anemia) 

4. Miscellaneous disorders 

B. Diseases of the immune system 
1 . Inborn immune deficiencies 
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2. Acquired immune deficiencies 

3. Autoimmune disorders 

IV. Disturbances of Cell Growth 

A. Benign (self-limiting) 

1. Hyperplasia 

2. Metaplasia 

B. Tumors or neoplasms (see Chap. 7) 

1. Benign 

2. Malignant 
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CELLULAR RESPONSE TO INJURY AT THE LIGHT MICROSCOPIC LEVEL 

Cells have limited ability to express their response to injury. They may respond: 

■ by dying (necrosis or apoptosis) 

■ by undergoing a morphologic transformation that may be transient or permanent 

■ by mitotic activity that again may be either transient or sustained, normal or abnormal, and 
may result in normal or abnormal daughter cells and subsequent generations of cells. 

Although the mechanisms of cellular responses to injurious agents are still poorly understood 
because they are the result of complex molecular changes, it appears reasonable to assume 
that a cell will attempt to maintain its morphologic and functional integrity, either by 
mobilizing its own resources against injury, or by seeking assistance from other cells 
specializing in defensive action. The latter type of response is triggered by cell necrosis, a 
form of cell death, which results in an inflammatory process, with participation of leukocytes 
and macrophages. The significant morphologic responses of cells to various forms of injury are 
summarized below. 

CELL DEATH 

In cells, as in all other forms of life, death is an inevitable event. Death may follow a specific 
programmed pathway, or it may occur as an incidental event. Programmed cell death was first 
described and named apoptosis (from Greek, apo = from and ptosis = falling or sinking) by 
Kerr et al in 1972 (see also Searle et al, 1982 and Kerr et al, 1994). Apoptosis was first 
recognized as a purely morphologic phenomenon affecting cells, to be differentiated from 
necrosis, a form of cell death that occurred incidentally caused by an event or events not 
compatible with cell survival. The sequence of events in the two processes is compared in 
Figure 6-1 . Within the recent years, apoptosis has received an enormous amount of attention 
from molecular biologists because of its importance in developmental biology and in a number 
of diseases, such as stroke and cancer. 

Apoptosis 

Morphology 



256 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 6 - Morphologic Response of Cells to Injury 

The most significant studies of apoptosis in man have been conducted on cells in culture or on 
lymphocytes. There is comparatively little information on apoptosis in epithelial cells. Apoptotic 
cells are characterized by nuclear and cytoplasmic changes. The nuclear changes are a 
condensation of the nuclear chromatin, first as crescentic caps at the periphery of the 
nucleus, followed by further fragmentation and break-up of the nucleus (Fig. 6-1 top). The 
fragmentation of the chromatin into small granules of approximately equal sizes is known as 
karyorrhexis (from Greek, karyon = nucleus, rhexis = breakage), which has now been 
recognized as a manifestation of apoptosis (Fig. 6-2). The cytoplasm of many apoptotic cells 
may show shrinkage and membrane blisters. It appears, however, that the cytoplasm may 
remain relatively intact in squamous cells. As the next stage of cell disintegration, fragments of 
nuclear material with fragments of adjacent cytoplasm (that may contain various organelles) are 
packaged into membrane-enclosed vesicles (apoptotic bodies). These packages of cellular 
debris are phagocytized by macrophages, without causing an inflammatory reaction in the 
surrounding tissues. One important consequence of apoptosis is that the cell DNAis chopped 
up into fragments of variable sizes composed of multiples of 185 base pairs. When sorted 
out by electrophoresis, they form a “DNA ladder” of fragments of diminishing sizes. Because 
the breaks occur at specific points of nucleotide sequences, they can be recognized by 
specific probes identifying the break points in the DNA chain. The probes, either labeled 
with a fluorescent compound or peroxidase, allow the recognition of cells undergoing apoptosis, 
either by fluorescent microscopy, flow cytometry, or by microscopic observation (Li and 
Darzynkiewicz, 1999; Bedner et al, 1999). Aso-called TUNNEL reaction is a method of 
documenting apoptosis in cytologic or histologic samples (Gavrieli et al, 1992; Li and 
Darzynkiewicz, 1999; Sasano et al, 1998). 

Sequence of Biologic Events 

In paraphrasing a statement by Thornberry and Lazebnik (1998), apoptosis is reminiscent of a 
well-planned and executed military operation in which the target cell is isolated from its 
neighbors, its cytoplasm and nucleus are effectively destroyed, and the remains (apoptotic 
bodies) are destined for burial at sea, leaving no traces behind. Much of the original information 
on the sequence of events in apoptosis was obtained by studying the embryonal development 
events in the small worm (nematode), Caenorhabditis e/egans . These studies have 
documented that apoptosis occurs naturally during the developmental stages of the worm to 
eliminate unwanted cells. It is caused by a cascade of events, culminating in the activation of 
proteolytic enzymes that effectively destroy the targeted cell. A somewhat similar, but not 
identical, sequence of events was proposed for mammalian cells. 

Apoptosis in mammalian cells is triggered by numerous injurious factors, some known, such as 
viruses, certain drugs, radioactivity, and some still unknown (summary in Thompson, 1995; 

Hetts, 1998; review in Nature, 2000). For example, the loss of T4 cells by the human 
immunodeficiency virus in acquired immunodeficiency syndrome (AIDS) is caused by apoptosis. 
However, the pathway to apoptosis is extremely complicated because normal cells contain 
genes that prevent it and genes that promote it. This equilibrium has to be disrupted for the 
cells to enter the cycle of death. 

In brief, it is assumed today that “death signals,” received by the cytoplasm of the cell and 
mediated by a complex sequence of molecules, lead to activation of proteolytic enzymes, 
known as caspases that destroy the cytoplasmic proteins, including intermediate filaments, and 
attack the nuclear lamins, causing the collapse of the nuclear DNA structure. However, the 
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intermediate steps of this sequence of events are enormously complicated. An injury to the 
molecule p53 (guardian of the genome; see Chap. 3) appears to be an important event 
(Bennett et al, 1998). Recent studies have documented that genes located on the 
mitochondrial membrane play a critical role in apoptosis (Brenner and Kroemer, 2000; Finkel, 
2001). These genes belong to two families: Bel, a protooncogene, which protects the cells 
from apoptosis, and Bax, which favors apoptosis (Zhang et al, 2000). If the proapoptotic 
molecule prevails, there is damage to the mitochondrial membrane with release of cytochrome 
C into the cytoplasm. Cytochrome C acts to transform a ubiquitous protein molecule known as 
zymogen into caspases. 
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Figure 6-1 Diagrammatic representation of apoptosis (top) and necrosis (bottom). For 
explanatory comments, see text. (Drawings by Professor Claude Gompel modified from 
diagrams by Dr. T. Brunner, Department of Pathology, University of Bern, Switzerland.) 
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Figure 6-2 Apoptosis. A Apoptosis (karyorrhexis) of malignant lymphoma cells in an 
aspirate of lymph node. B. Apoptosis of cells of malignant lymphoma in bloody pleural 
effusion. ( B , High magnification.) 



Numerous articles on the subject of apoptosis have appeared in recent years, each addressing 
a small fragment of the complex puzzle. The key recent articles are cited or listed in the 
bibliography. The significance of apoptosis goes much beyond a simple morphologic and 
molecular biologic summary. It is generally thought that the mechanisms of apoptosis, besides 
playing a key role during embryonal development, may play a key role in cancer and in 
important degenerative processes such as Alzheimer's disease. In cancer, suppression of 
apoptosis may be one of the causes of cell proliferation, so characteristic of this group of 
disorders. This may explain the role of oncogenes, such as Bel or Myc, as protecting the 
cells from apoptosis. It is considered that changes or mutations in molecules controlling DNA 
damage in replication (such as p53) or molecules governing events in the cell cycle (such as 
Rb) play a role in these events. It has been proposed that, in degenerative disorders of the 
brain, such as Alzheimer's disease, apoptosis may destroy essential centers of memory and 
control of body functions. 

Necrosis 

Cells may also die as a consequence of nonapoptotic events, globally referred to as necrosis. 
Some of the known causes of necrosis are exposure to excessive heat, cold, or cytotoxic 
chemical agents. There is considerably less information on this type of cell death than on 
apoptosis, and the main difference is the absence of typical morphologic changes and no 
evidence of activation of the cascade of events characterizing apoptosis (see Fig. 6-1 
bottom). 

Morphology 

Cells undergoing nonapoptotic forms of necrosis may show extensive cytoplasmic 
vacuolization (Fig. 6-3). The nuclear changes include homogeneous, dense chromatin known 
as nuclear homogenization or pyknosis (from Greek, pyknos = thick), nuclear enlargement, 
and break-down of nuclear DNA, which however, does not form the DNA ladder, 
characteristic of apoptosis. Necrosis may result in destruction of the cell membranes, resulting 
in disintegration of the cell and formation of cell debris leading to an inflammatory process. 
The nuclear material may form fragments or streaks, often recognizable because they stain blue 
with the common nuclear dye, hematoxylin. Similar events may occur by physical injury to 
fragile cells if they are inappropriately handled during the technical preparation of 
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smears or other diagnostic material. In some cancers, the presence of nuclear necrosis is 
widespread and may be of diagnostic value (see oat cell carcinoma in Chap. 20). 




It is often quite impossible to determine morphologically whether a cell died as a consequence 
of apoptosis or necrosis. There is little doubt that there may be many pathways leading to cell 
death. What is significant, however, is the role played by necrotic cells as a trigger of 
inflammatory events, whereas cells dying of apoptosis, as a rule, do not cause any 
inflammatory reaction. 



Sequence of Biologic Events 

Cell necrosis may be caused by many of the types of cell injury listed in the opening page of 
this chapter. Thus, there is a significant overlap between the two modes of cell death. It is not 
known today why the differences in the mode of dying occurs if the trigger of cell death is the 
same. It is generally believed that cell necrosis may begin in a manner similar to apoptosis, that 
is, by activation of a cell membrane molecule or a “death signal,” which is followed by 
mitochondrial swelling, but this differs from the events in apoptosis because it does not lead to 
caspase activation (Green and Reed, 1998). Obviously, much is still unknown about cell 
necrosis, its mechanisms, and consequences. 

OTHER EXPRESSIONS OF CELL RESPONSE TO INJURY 

“Reactive” Nuclear Changes 

It is not uncommon to observe, in material from various sources and under a variety of 
circumstances, but mainly in the presence of inflammatory processes, minor nuclear 
abnormalities such as slight-to-moderate nuclear enlargement, slight irregularities of the 
nuclear contour, increase in granularity of the chromatin, and occasionally the 
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presence of somewhat enlarged nucleoli (Fig. 6-4). Such abnormalities are often classified 
as “reactive nuclear changes.” Virtually nothing is known about the mechanisms of such 
changes and their clinical significance is often puzzling. In many situations, such nuclear 
abnormalities occur in tissues adjacent to cancer. In cervical smears, the terms atypia of 
squamous cells of unknown significance (ASCUS) or atypia of glandular (endocervica!) cells 
of unknown significance (AGUS) have been introduced to describe such phenomena. The 
termAGUS is no longer used. It is known that, in some patients with such changes a malignant 
lesion will be observed in the uterine cervix with the passage of time (see Chap. 11). Similar 
abnormalities may be observed in the so-called repair reaction and in metaplasia, discussed 
below. Thus, the term reactive nuclear changes is rather meaningless and reflects our 
ignorance of events leading to such nuclear abnormalities. 
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Figure 6-4 Reactive squamous cells. Note the presence of large nuclei and of 
prominent nucleoli in what is commonly referred to as a “repair reaction.” 



Multinucleation: Formation of Syncytia 

It is not known why reaction to injury results in formation of multinucleated cells. These may 
occur as a consequence of a bacterial or viral infection, during a regenerative process, as in 
injured muscle, or for reasons that remain obscure. Multinucleation may be observed in cells of 
various derivations, such as macrophages, cells derived from organs of mesenchymal origin, or 
in epithelia. 

The mechanism of formation of multinucleated cells by epithelioid cells was discussed in 
Chapter 5. Under unknown circumstances, apparently normal epithelial cells may form 
multinucleated giant cells or syncytia (from Latin, syn = together and cyto = cell) by cell 
fusion or endomitosis, that is, nuclear division not followed by division of the cytoplasm. 



Regardless of mechanism of formation, such cells may be observed in the bronchial epithelium 
(see Chap. 19) and, occasionally, in other glandular epithelia (Fig. 6-5). In multinucleated cells 
caused by cell fusion, the cell membranes separating the cells from each other disappear. 
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Multinucleation can be produced in vitro by the action of certain viruses, such as the Sendai 
virus, and in vivo in humans by herpesvirus and other viral infections. Thus, it is conceivable 
that the formation of true syncytia in epithelial cells is the reflection of a viral infection, although 
the causative agent may not be evident. To our knowledge, there is no known diagnostic or 
prognostic significance of the presence of 
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multinucleated epithelial cells. Such cell changes must not be confused with cell groupings 
or clusters, wherein cell membranes may not be visible under the light microscope, 
but are easily demonstrated by electron microscopy. The term syncytia has been 
proposed by some observers to define clusters of small cancer cells in cervical smears in some 
cases of carcinoma in situ of the uterine cervix (see Chap. 12). The use of this term under 
these circumstances is erroneous. 




Figure 6-5 Multinucleation of benign ciliated bronchial cells. Note the presence of 
three nuclei in one of the cells and innumerable nuclei in a large cell on the left. (High 
magnification.) 



Other Forms of Cell Injury 

Nuclear abnormalities, seen in healthy or diseased tissue, are nuclear creases or grooves, 
folds observed in the nuclei of many cell types, and in many organs. Frequent and conspicuous 
nuclear grooves may be observed in some benign and malignant tumors but are not tumor- 
specific. The significance or mechanism of this nuclear feature is unknown (see Chaps. 7, 8, 

21, and 41). 

Nuclear cytoplasmic inclusions, observed as a sharply defined clear zone in the 
nucleus, are more common in certain malignant tumors but may also occur in cells derived from 
normal organs (see Fig. 7-1 9A). It can be documented by electron microscopy that the 
abnormality is caused by infolding of the cytoplasm into the nucleus (Fig. 6-6B). The 
reason for the mechanism of these events is unknown. 



Other manifestations of cell damage may include the loss of specialized cell appendages, 
such as cilia. The loss of cilia may occur in otherwise well-preserved cells or it may be 
accompanied by a peculiar form of cell necrosis, often associated with viral infection 
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(ciliocytophthoria) (see Chap. 19). Loss of cell contacts is another form of cell injury that 
may be caused, for example, by antibodies directed against desmosomes observed in skin 
disorders, such as pemphigus (see Chaps. 19, 21, and 34). It should be noted that, in cancer, 
the relationship of cells to each other is often quite abnormal as discussed at some length in 
Chapter 7. 




Figure 6-6 Electron micrograph of an intranuclear cytoplasmic inclusion in a cell from renal 
carcinoma. Note cytoplasmic organelles within the nucleus. (High magnification.) (Courtesy 
of Dr. Myron Melamed, Valhalla, NY.) 



Cytoplasmic Vacuolization 

This phenomenon may reflect a partial or temporary disturbance in the permeability of the cell 
membrane, resulting in formation of multiple, clear, spherical cytoplasmic inclusions (vacuoles) 
of variable sizes (see Fig. 6-3). Most vacuoles contain water and water-soluble substances. 
The viability of such cells is unknown, although extensive vacuolization may be a manifestation 
of cell death, for example, caused by radiotherapy. Small cytoplasmic vacuole formation may 
also occur as a consequence of cell invasion by certain microorganisms, such as 
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Chlamydia trachomatis and other infectious agents (see Chap. 10). Storage of fat may also 
result in the formation of cytoplasmic vacuoles. 

Cytoplasmic Storage 

Under special circumstances, the cell may also store other products of cell metabolism that can 
be recognized under the light or electron microscope. Thus, glycogen, bile, melanin pigment 
(normally present in the epidermis of the skin and in the retina), and iron, derived from 
disintegrating hemoglobin molecules (hemosiderin or hematoidin) may accumulate in 
abnormal locations (see Fig. 7-24B). Another pigment, lipofuscin, thought to represent 
products of cell wear and tear, may also be seen, usually in perinuclear locations. Because 
hemosiderin, melanin, and lipofuscin form brown cytoplasmic deposits that may look similar 
under the light microscope, the use of special stains may be required for their identification (see 
Chap. 45). The identification of these pigments may be of critical significance in the differential 
diagnosis of a melanin-producing, highly malignant tumor, the malignant melanoma. Under 
some circumstances, salts of calcium may form irregularly shaped amorphous or 
concentrically structured deposits within the cytoplasm. Such deposits are usually recognized 
by their intense blue staining with hematoxylin. Also, a variety of crystals, either derived from 
amino acids or from inorganic compounds, may accumulate in cells. The implications of these 
findings is discussed in the appropriate chapters. 

Storage Diseases 

In a variety of inherited storage diseases, caused by deficiencies of specific lysosomal 
enzymes, such as Gaucher's disease, Niemann-Pick disease, von Gierke's disease, Tay-Sachs 
disease, Hand-Schuller-Christian disease, and other very rare disorders, the products of 
abnormal cell metabolism may accumulate, mainly in macrophages, but also in the cytoplasm 
of other cell types. As a general rule, such cells become markedly enlarged. Several of these 
disorders can be identified under the light microscope because of the specific appearance of 
the large cells. Some of these disorders may be recognized in aspirated cell samples and are 
discussed in Chapter 38. Most commonly, however, such cells are seen 
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in bone marrow samples. The description of the specific cell changes may be found in 
hematology manuals. 
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Figure 6-7 Diagrammatic representation of the stages of phagocytosis. (1) The 

foreign particle is trapped in a vesicle formed by invagination of the cell membrane. (2) It 
sinks into the depth of the cytoplasm, and (3) merges with a cytophagic vacuole 
(lysosome). (4) The enzymes contained in the cytophagic vacuole digest the foreign 
material. The mechanism is similar to that of pinocytosis. 



Phagocytosis 

Phagocytosis, or ingestion of foreign particles by cells, has already been discussed in Chapter 
2. Although phagocytosis, strictly speaking, cannot be considered a form of cell reaction to 
injury, it is often enhanced in disease processes such as inflammation and cancer. The 
sequence of events in phagocytosis is shown in Figure 6-7. The cells principally involved in 
phagocytosis are the macrophages, which accumulate visible particles of foreign material in 
their cytoplasm (Fig. 6-8). Occasionally, however, epithelial and mesothelial cells, and 
particularly cancer cells, are also capable of the phagocytic function and may display the 
presence of foreign particles, cell fragments, or even whole cells in their cytoplasm. Aspecial 
form of phagocytosis is erythrophagocytosis, in which whole red blood cells are engulfed by 
macrophages, but also sometimes by cells of other types (see Chap. 25). The precise 
mechanisms of these phenomena are now being studied (Caron and Hall, 1998). Aspecial 
situation is represented by an uncommon disorder, malacoplakia, observed mainly in the 
urinary bladder but also in other organs. In it, the cytoplasmic lysosomes of macrophages lack 
certain enzymes necessary for the destruction of phagocytized coliform bacteria. As a 
consequence, the lysosomes become enlarged and readily visible as the socalled Michaelis- 
Guttmann bodies. Such bodies may undergo calcification (see Chap. 22). 




Figure 6-8 Phagocytosis of foreign material by macrophages. Aso-called tingible 
body macrophage (arrow) in an aspiration smear from a normal lymph node. 



LONG-TERM EFFECTS OF CELL INJURY. REPAIR AND REGENERATION 
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Localized cell damage and death, resulting from physical or infectious causes, leads to a 
replacement or regeneration of the injured tissue, sometimes referred to as repair. The 
source of replacement is the neighboring cells of the same type. Thus, an epithelium will be 
replaced by epithelial cells and the regeneration of the connective tissue will be provided by 
fibroblasts. Theoretically, the growth of cells leading to regeneration should cease when the 
restoration of the injured tissue is complete. In practice, this is not always so: the newly formed 
tissue is sometimes less than perfect and its growth may continue beyond the confines of the 
original tissue, sometimes resulting in a hyperplasia, and even a socalled pseudotumor. 

Alternatively, a portion of the injured tissue may be replaced by collagen-forming connective 
tissue, with resulting formation of a scar. In experimental systems, regeneration has been 
exhaustively studied in the liver after partial hepatectomy and in the epithelium of the urinary 
bladder, after destruction with the cytotoxic drug, cyclophosphamide (see Chap. 22). 

In general, the first event in the regeneration process of the injured epithelium, usually 
occurring within approximately 24 hours after the onset of injury, is an intense mitotic activity 
in the normal cells surrounding the injured tissue. Cell division is apparently triggered by 
biochemical signals, from the injured cells. The mitotic activity in tissue repair is not always 
normal: abnormal mitotic figures may be observed. The mitotic activity results in the 
formation of young epithelial cells that migrate into the defect to form a single layer of 
epithelial cells bridging the gap caused by the injury. With the passage of time, the 
epithelium becomes multilayered. The newly formed young epithelial cells are often 
atypical and are characterized by the 
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presence of a basophilic cytoplasm, reflecting the intense production of ribonucleic acid (RNA) 
and proteins in the rapidly proliferating cells. However, the most conspicuous finding in such 
cells is nuclear abnormalities in the form of large nuclei of uneven sizes, often provided with 
multiple, large, and irregular nucleoli reflecting the cell's requirement for RNA (see Fig. 

6-4). Such cells may mimic nuclear and nucleolar abnormalities of cancer and are one of the 
major potential pitfalls in diagnostic cytology. The term repair has been proposed to define 
certain benign abnormalities observed in endocervical cells in cervical smears although, in 
many such cases, there is no evidence of prior epithelial injury. Similar changes may also be 
observed in other organs (see Chaps. 10, 19, and 21). 

The reaction to injury may also involve connective tissue, with resulting intense proliferation 
of fibroblasts. The proliferating fibroblasts are usually large and have a basophilic 
cytoplasm, not unlike proliferating fibroblasts in culture. Large nuclei and conspicuously 
enlarged nucleoli are a landmark of such reactive changes. The presence of abnormal 
mitotic figures may be noted, resulting in patterns reminiscent of malignant tumors of 
connective tissue or sarcomas (Fig. 6-9). Such self-limiting abnormalities may occur in muscle, 
fascia, or subcutaneous tissue, and they are referred to as infiltrative or 
pseudosarcomatous fasciitis. 

The molecular biology of tissue regeneration and repair has been shown to be extremely 
complex. It can be assumed, in general, that under normal conditions of regeneration, there are 
two sets of biochemical factors working in tandem: factors inducing mitosis and, thereby, 
stimulating cell proliferation and factors arresting the cell proliferation, once the repair has been 
completed. Studies of regeneration of hepatocytes (Michalopoulos and DeFrances, 1997), 
wound healing (Martin, 1997), and amphibian limb regeneration (Brockes, 1997) have shown 
the enormous complexity of the system. Numerous genes, perhaps activated by the initial 
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necrosis of the target tissue, enter into the equation, resulting in production of new cells and 
tissues. There is little known about the molecular signals that arrest the proliferative process 
upon completion of the repair. Some years ago, poorly characterized chemical factors, named 
cha/ones, were thought to be the “stop” signal, but essentially no information emerged within 
the recent years. The interested reader is referred to the bibliography for further information on 
this subject. 






V 



fil 




. - o \1G2Sfc 

,t * * n A<fi -■* « 



y -n JJT >' < : 

X* >- 

* * M&s 



•< 







Figure 6-9 A benign reactive process known as infiltrative fasciitis. A. Note large 
fibroblasts with prominent nuclei and nucleoli. B. Aquadripolar mitosis is evident in the 
center of the field. 



The results of regeneration of repair are frequently far from perfect, particularly for epithelia, 
and may result in a number of abnormalities that will be described in the following sections. 



BENIGN EPITHELIAL ABNORMALITIES CONSIDERED TO REPRESENT A 
REACTION TO CHRONIC INJURY 

Basal Cell Hyperplasia 

In this lesion, which may affect almost any epithelium, the number of layers of small basal 
cells is increased, so that up to one-half or even more of the epithelial thickness is occupied 
by small cells (Fig. 6-10). It is generally assumed, although it remains unproved, that basal cell 
hyperplasia is the result of a chronic injury. The true significance of this abnormality and its 
mechanism of formation remain unknown. It is sometimes assumed that this lesion is a 
precursor lesion of cancer, but the evidence for this is lacking. Because the events take place 
in the deeper layers of the epithelium, the cells resulting from the multiplication of the basal 
layer are not represented in samples obtained from the epithelial surface, unless there is an 
epithelial defect with loss of superficial cell layers. The lesion is of greater practical importance 
when the small basal cells are removed by an instrument or are found in an aspiration 
biopsy. Because of a large nuclear surface and, hence, an increased nucleocytoplasmic ratio 
(see Chap. 19), and the occasional presence of nucleoli, such cells may be sometimes 
mistaken for a malignant lesion composed of small cells. 

Metaplasia 

By definition, metaplasia is the replacement of one type of epithelium by another that is 
not normally present in 
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a given location. In most instances, during the metaplastic process, a columnar or 
glandular epithelium is replaced by squamous epithelium or by cells with unusual 
characteristics, such as the mitochondria-rich oncocytes. Metaplasia may occur as a 
result of an injury or chronic irritation caused by an inflammatory process or a mechanical 
trauma, for example, the pressure of a stone on an epithelium. With few exceptions, however, 
the mechanisms of metaplastic replacement are generally not understood, although 
lack of vitamin A may induce keratinization of epithelia in vivo or in vitro. 
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Figure 6-10 Schematic illustration of basal cell hyperplasia in squamous 
epithelium. The process may also involve other types of epithelia. 



An example of metaplasia is the replacement of the columnar mucus-producing 
epithelium of the endocervixor of the ciliated bronchial epithelium by squamous epithelium, 
colloquially referred to as squamous metaplasia (Fig. 6-11). The epithelial replacement may 
be partial or total, complete or incomplete, and the resulting squamous epithelium may be 
mature or immature. The latter may be composed of squamous cells, showing abnormalities 
of cell shape and, occasionally, nuclear enlargement, when compared with normal. Some 
metaplastic cells may show very large nuclei, possibly the result of increased DNA although 
there is currently no understanding of this observation. The newly formed metaplastic 
epithelium very often retains some features of its predecessor. For example, metaplastic 
squamous epithelial cells replacing mucus-producing endocervical epithelium may contain 
mucus. 



In some organs and organ systems, for example in the bronchus, it is thought by some that 
squamous metaplasia of the bronchial epithelium may represent a steppingstone in the 
development of lung cancer. It is quite true that certain intraepithelial malignant lesions may 
resemble metaplasia, but the relationship of the two remains enigmatic. For further discussion 
of this important subject, see Chapter 20. 

In human cytologic material derived from some organs, such as the endocervix or the bronchi, 
the presence of squamous metaplasia may be recognized under certain circumstances that will 
be described in the appropriate chapters. 
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Figure 6-11 Schematic summary of events in squamous metaplasia of the 
glandular-type epithelium. Such events are common in the uterine cervix and the 
bronchus and occasionally occur in other glandular epithelia. 



The transformation of epithelial cells into cells known as oncocytes (Hurthle cells) may be 
observed in organs such as the salivary glands, thyroid, breast, and kidney. The oncocytes are 
rich in mitochondria that fill the cytoplasm. Such cells are characterized by unusual respiratory 
pathways and have been shown to have abnormalities of mitochondrial DNA (see Chap. 2). 
Virtually nothing is known about the mechanisms of their occurrence. The diagnostic 
significance of these cells will be discussed in the appropriate chapters. 

Hyperplasia 

The term hyperplasia, indicating excessive growth, may be applied to tissues or to individual 
cells. In light microscopy, the term is most often applied to an increase in the number of cell 
layers in a normally maturing epithelium (Fig. 6-12) or to an increase in the number of glandular 
structures, as in the endometrium. For whole organs, the term hypertrophy is used to indicate 
an increase in volume. For individual cells, the term must be used with great caution because it 
may indicate a benign process (as in cardiac muscle), but also a precancerous event or even 
cancer, when used in reference to epithelial cells. Unfortunately, in practice, these simple 
definitions are not always easy to follow. Quite often, the hyperplastic process is associated 
with abnormalities of component cells and the term atypical hyperplasia has been applied to 
such lesions. Atypical hyperplasia may pose significant diagnostic problems because the 
subsequent course of events cannot be predicted. Some of these lesions may regress or they 
may remain unchanged for many years. Other such lesions may progress to cancer if untreated 
(see Chaps. 11, 12, and 13). 
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Normal Hyperplasia Atrophy 

Figure 6-12 Schematic presentation of events in epithelial hyperplasia and atrophy 
in squamous epithelium. 



The recognition of hyperplasia in cytologic material is impossible unless the cells show notable 
abnormalities, as they may occur in the atypical variant. 

Atrophy 

Atrophy is the opposite of hyperplasia; it indicates a reduction in the volume of an organ or, 
in the microscopic sense, a reduction in the number of cells within an organ or a tissue, or 
a reduction in the size or volume of individual cells. In the practice of microscopy, the atrophy of 
certain tissues may be recognized. For example, the number of cell layers in a squamous 
epithelium may be reduced (see Fig. 6-13) or there may be a reduction in the size of the 
component cells of an organ. Sometimes, epithelial atrophy may be identified in cytologic 
material, for example, in smears from the female genital tract (see Chap. 8). 

SPECIFIC NONNEOPLASTIC DISEASE PROCESSES AFFECTING CELLS 

Inf /amatory Disorders 

Inflammation is a common form of tissue reaction to injury. The reaction is usually caused by 
bacterial, viral, or fungal agents, but it may also occur as a response to tissue necrosis, 
foreign bodies, and injury by therapy. The inflammatory processes always involve a 
participation of the immune system, which is represented at the site of reaction by 
polymorphonuclear leukocytes of various types, lymphocytes, plasma cells, and macrophages 
in various proportions, depending on the causes of the inflammatory reaction and its natural 
course. The recognition of the type of inflammation may help in assessing the type of injury to 
the participating cells. It is convenient to classify inflammatory reactions as acute, subacute, 
chronic, and granulomatous. 

Acute Inflammation 

The acute inflammatory- type response to injury is characterized by necrosis and breakdown of 
cells and tissues. Because of damage to capillaries and sometimes to larger blood vessels, 
blood and blood products (fibrin) are invariably present. The dominant inflammatory cells 
participating in this process are neutrophilic polymorphonuclear leukocytes, usually 
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accompanied by small populations of lymphocytes. The combination of necrotic material, cell 
debris, red blood cells, fibrin, and leukocytes, known collectively as purulent exudate (pus), 
give a characteristic cytologic picture that is readily identified. Although the term “acute” for this 
inflammatory process suggests an event of short duration (and most of them are), some 
reactions of this type may persist for prolonged periods, sometimes lasting several years. The 
outcome of the acute inflammatory reaction is either healing, associated with tissue 
regeneration and repair of the damage, or a transition to a chronic inflammatory process. 

Subacute Inflammation 

Subacute inflammation is an infrequent variant of the acute inflammatory process, characterized 
by minimal necrosis of the affected tissues and the presence of eosinophilic 
polymorphonuclear leukocytes (eosinophils) and lymphocytes. Such reactions may also be 
observed in the presence of parasites, which appear to be able to mobilize eosinophils. There 
are no documented specific cell changes associated with this type of inflammatory reaction. 

Chronic Inflammation 

The chronic type of inflammation is, by far, the most interesting in diagnostic cytology because 
it may cause perceptible cell changes. As the name indicates, the reaction is usually of long 
duration. The dominant inflammatory cells are lymphocytes, plasma cells, and 
macrophages, which may be mononucleated or have multiple nuclei. Besides evidence of 
phagocytosis, the macrophages may show nuclear abnormalities in the form of nuclear 
enlargement and hyperchromasia. Rarely, plasma cells may be the dominant cell population, 
especially in the nasopharynx and the oropharynx; when this occurs, the possibility of a 
malignant tumor composed of plasma cells (multiple myeloma) must be ruled out. Epithelial cells 
and fibroblasts may show various manifestations of regeneration and repair, as discussed in 
the preceding pages. 

Granulomatous Inflammation 

Granulomatous inflammation is a form of chronic inflammation characterized by the formation of 
nodular collections (granules) of modified macrophages resembling epithelial cells, hence 
known as epithelioid cells. The epithelioid 
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cells are often accompanied by multinucleated giant cells, which have been shown to result 
from fusion of epithelioid cells (Mariano and Spector, see Chap. 4). The multinucleated cells 
observed in tuberculosis and related disorders are known as Langhans' giant cells (Fig. 6- 
13). Similar cells may occur as a reaction to foreign material and are then known as foreign- 
body giant cells. The causes of granulomatous inflammation have been recognized: infections 
with Mycobacterium tuberculosis and related acid-fast organisms and some species of fungi 
are most commonly observed. In AIDS, microorganisms that are not necessarily pathogenic in 
normal humans, may also cause this type of inflammatory reaction. For other examples of 
granulomatous inflammatory process, see Chapters 10, 19, and 29. 
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Figure 6-13 Tuberculosis of lymph nodes. Note several multinucleated giant cells 
(Langhans 1 cells) in the center of a spherical lesion composed of small epithelioid cells, 
forming a granuloma. 



TABLE 6-1 CYTOPATHIC CHANGES CAUSED BY COMMON HUMAN VIRUSES 



Virus 


Cytoplasm 


Nucleus 


Inclusions 


Herpesvirus 
(simplex of type 
1 and type 2) 


Enlarged in 

multinucleated 

cells 


Early changes: 
ground-glass 
(opaque) nuclei, 
frequent 

multinucleation with 
nuclear Late stage: 
molding intranuclear 
inclusions 


Eosinophilic 
intranuclear (in late 
stage) 


Cytomegalovirus 


May contain 
small satellite 
inclusions 


Large inclusions 
with clear zones of 
“halos” 


Mainly basophilic, 
sometimes eosinophilic 
large intranuclear 
inclusions with halos 
and smaller “satellite” 
inclusions in nucleus 
and cytoplasm 


Human 

papillomavirus 


Large, sharply 

demarcated 

perinuclear 


Enlarged, 

sometimes pyknotic 
Virus documented 


None 
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clear zones 
due to 



techniques, electron 
microscopy, or DNA 
hybridization in situ 



by immunologic 



cytoplasmic 

necrosis 



(koilocytes) 



Human 

polyomavirus 



Normal or 
enlarged 



Enlarged; chromatin Large, basophilic, 

replaced by a large homogeneous; no halo 

inclusion (decoy or satellite inclusion 

cells) 



RECOGNITION OF SPECIFIC INFECTIOUS AGENTS IN CYTOLOGIC MATERIAL 

Inflammatory processes pertaining to various organs and organ systems will be discussed in 
appropriate chapters. Hence, this is but a brief overview of this field. 

Bacteria 

Very few bacterial agents cause specific cell changes, beyond the inflammatory reactions 
described above. Occasionally, however, specific microscopic images may be observed. Thus, 
the presence of the so-called clue cells in cervicovaginal smears is suggestive of an infection 
with Gardnerella vaginalis (see Chap. 10). Chlamydia trachomatis causes cell changes in 
the form of cytoplasmic inclusions. The cell changes in granulomatous inflammation, described 
above, occasionally may be observed in various cytologic preparations and in aspiration biopsy 
material. 

Fungi 

Fungal agents are easily identified by species in several diagnostic media. They are most 
commonly found, however, in pulmonary material, spinal fluid, and aspiration biopsies (see 
appropriate chapters for a description of these organisms). 

Parasites 

Parasitic agents are not commonly seen in the Western world, but are exceedingly common in 
the developing countries. 



Several examples of parasites are given in the text (see appropriate chapters). The most 
important of these is the obligate intracellular parasite of uncertain classification, 
Pneumocystis carinii, which is the cause of a pneumonia that occurs with high frequency in 
AIDS patients (see Chap. 19). Cytologic samples are commonly used for the identification of 
this agent. 

Viruses 

Viral agents may cause recognizable cell changes. A summary of the cytologic findings in 
infections with the most common viruses is provided in Table 6-1. Additional information is 
provided in chapters dealing with specific organs. 

Therapeutic Agents 
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Radiotherapy, cryotherapy, and a number of drugs, most of them belonging to the group of 
cytotoxic chemotherapeutic agents, may cause significant cell abnormalities. Because of the 
diversity of these effects, which are organ related, the changes will be described in the 
appropriate chapters. 
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7 

Fundamental Concepts of Neoplasia: Benign Tumors and 
Cancer 



The term neoplasia (from Greek, neo = new and p/asis = a moulding) indicates the formation 
of new tissue or a tumor (from Latin for swelling) that may be benign or malignant. The primary 
task of diagnostic cytology is the microscopic diagnosis and differential diagnosis of malignant 
tumors or cancers and their precursor lesions. This chapter presents an overview of these 
groups of diseases that will attempt to correlate current developments in basic research with a 
description of morphologic changes observed in tissues and cells. 

BRIEF HISTORICAL OVERVIEW 

Cancer has been recognized by ancient Greeks and Romans as visible and palpable 
swellings or tumors, affecting various parts of the human body. In fact, the very name of 
cancer (from Greek, karkinos, and Latin, cancer = crab) reflects the invasive properties of the 
tumors that spread into the adjacent tissues and grossly mimic the configuration of a crab and 
its legs. Ancient Greeks were even aware that the prognosis of a karkinoma (carcinoma) of 
the breast was poor but also cited alleged examples of healing the disease by amputation. Over 
many centuries, numerous attempts were made based on clinical and autopsy observations to 
separate “tumors” caused by benign disorders, such as inflammation, from those that inexorably 
progressed and killed the patient, or true cancers. These distinctions could not be objectively 
substantiated until the introduction of the microscope as a tool of research. As was narrated in 
Chapter 1, the first recognition of microscopic differences between malignant and benign cells 
is attributed to Johannes Muller (1836). Muller's work stimulated numerous investigators, 
including his student Rudolf Virchow, considered to be the founder of contemporary pathology, 
and led to the recognition of various forms of human cancer in the 1 9th century. The 
observations on microscopic makeup of cancer subsequently led to the recognition of precursor 
lesions 
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or precancerous states. The reader interested in the history of evolution of early human 
thoughts pertaining to cancer is referred to the books by M.B. Shimkin (1976), L.J. Rather 
(1978), and to the first chapter of this book. 

In the first half of the 20th century, many attempts were made to shed light on the causes and 
sequence of events in cancer. Only a very few of these contributions can be mentioned here. 

As early as 1906, Boveri suggested that cancers are caused by chromosomal abnormalities. 
Differences in glucose metabolism between benign and cancerous cells were documented by 
Otto Warburg (1926), who believed that cancer was caused by insufficient oxygenation of cells 
or anoxia. Early measurements of cell components documented differences in nuclear and 
nucleolar sizes between benign and malignant lesions of the same organs (Haumeder, 1933; 

Schairer, 1935). The investigations of the sequence of events in experimental cancer supported 
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the concept of two stages of development — initiation and promotion. The principal 
contributors of this theory were Friedwald and Rous (1944) and Berenblum and his associates 
(summary in 1974) who documented that cancer of the skin in animals (usually rabbits) may be 
produced more efficiently if the target organ, treated with a carcinogenic agent (such as tar) 
was treated with a second, noncarcinogenic agent, acting as a promoter. Knudson (1971, 1976) 
proposed the “two hit” theory of cancer, in reference to retinoblastoma, a tumor of the eye. 

The theory assumed that two events may be necessary for this cancer to occur — a genetic 
error that may be either congenital or acquired, followed by another carcinogenic event that 
again could be either genetic or acquired. With the discovery that the retinoblastoma gene 
(Rb gene; see below) is damaged or absent in some patients with retinoblastoma, the theory 
has proved to be correct. Subsequent developments in molecular studies of cancer led to the 
discovery of numerous tumor-promoting genes (oncogenes) and tumor suppressor 
genes, discussed later. It has been documented within recent years that the transformation of 
normal cells into cancerous cells is a multistep genetic process that is extremely complex. It 
is virtually certain today that carcinogenesis in various organs may follow different and, 
perhaps, multiple pathways. So far, there are only a very few genetic abnormalities that may 
represent common denominators of several cancers, such as the mutations of the p53 gene, 
discussed later, but the events preceding these mutations are in most cases still hypothetical 
and obscure. 

None of these observations has shed much light on the morphologic and behavioral differences 
between cancer cells and benign cells, which are the principal topics of this book. Nonetheless, 
there is no further doubt that all tumors, whether benign or malignant, are genetic 
diseases of cells. 

BENIGN TUMORS 

Definition 

Benign tumors are focal and limited proliferations of morphologically normal or nearly 
normal cells, except for their abnormal arrangement and quantity. Benign tumors may 
occur in any tissue or organ and are characterized by: 

■ Limited growth 

■ A connective tissue capsule 

■ The inability to either invade adjacent tissue or metastasize 

Classification 

The most common benign tumors of epithelial origin are papillomas, usually derived from the 
squamous epithelium or its variants, such as the urothelium lining the lower urinary tract, and 
adenomas or polyps, derived from glandular epithelia (Fig. 7-1). Papillomas and polyps are 
visible to the eye of the examiner as pale or reddish protrusions from the surface of the 
epithelium of the affected organ. Microscopically, these tumors are characterized by a 
proliferation of epithelial cells, surrounding a core composed of connective tissue and capillary 
vessels. In some benign tumors of epithelial origin, such as fibroadenomas of the breast, the 
relationship of the epithelial structures and connective tissue is complex (see Chap. 29). Benign 
tumors may also originate from any type of supportive tissue (e.g., fat, muscle, bone) and 
usually carry the name of the tissue of origin, such as lipoma, myoma, or osteoma 
(Table 7-1). 
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Causes 

The causes of benign tumors have not been fully elucidated but, in some of these tumors, 
chromosomal abnormalities have been observed (see Chap. 4 and Mitelman, 1991). The 
molecular significance of these abnormalities is not clear at this time. More importantly, 

Vogelstein and his group at Johns Hopkins observed that a tumor suppressor gene named 
APC (from adenomatous polyposis coli) is frequently mutated in benign polyps of patients with 
familial polyposis of colon, a disease characterized by innumerable colonic polyps and often 
leading to colon cancer. This gene 
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appears to interfere with adhesion molecules maintaining the normal integrity of 
colonic epithelium. The mutation of the APC gene may be a stepping stone to the 
development of colonic cancer (summary in Kinzer and Vogelstein, 1996). Although at this time 
no definitive information is available in reference to other benign tumors, it appears likely that 
they also occur as a consequence of mutations affecting genes essential in maintaining the 
normal relationship of cells. 




Figure 7-1 Low-power view of rectal polyp. Note the central stalk of connective tissue 
and the benign glandular epithelium forming a mushroom around the stalk but also 
covering the stalk. 



TABLE 7-1 CLASSIFICATION AND NOMENCLATURE OF HUMAN TUMORS* 
Tissue Origin Benign Malignant (Cancer) 



Stratified 


Papilloma 


Squamous or epidermoid 


protective 




carcinoma; urothelial 


epithelium 




carcinoma 
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Columnar 
epithelium, 
including that 
of glands 


Adenoma or polyp 


Adenocarcinoma, 
mucoepidermoid carcinoma 
Occasionally epidermoid 
carcinoma 


Mesothelia 
Supportive 
tissues of 
mesodermal 
origin 


Benign mesothelioma ...omas 
according to the type of tissue 
involved (i.e., fatlipoma, bone- 
osteoma) 


Malignant mesothelioma 
Sarcoma (with designation 
of tissue type; i.e., 
liposarcoma, osteogenic 
sarcoma) 


Lymphoid 

tissues 


Hyperplasia 


Malignant lymphomas 


Blood cells 




Leukemia 


Tumors 
composed of 
several 
varieties of 
tissue 


Benign teratomas 


Malignant teratomas 



★ 

This simplified classification, although allowing a general orientation in tumor types, 
should not be taken too rigidly. Avariety of malignant tumors may show a mixture of 
different types. Furthermore, combinations of sarcomas and carcinomas may occur. 
Special designations have been attached to a variety of benign and malignant 
neoplasms of some organs or systems. As the need arises, such diseases will be 
described in the text. 



Another known cause of benign tumors is certain viruses. Thus, papillomaviruses may cause 
benign tumors in various species of animals. Certain types of the human papillomaviruses 
(HPVs) are the cause of benign skin and genital warts and papillomas of the larynx; other 
types, designated as “oncogenic,” are implicated in the genesis of cancer of the uterine cervix 
and other organs (see Chap. 11 ). It has been shown that some of the protein products, of the 
oncogenic types (which may also be involved in the formation of benign tumors), interact with 
protein products of genes controlling replication of DNA(p53) and the cell cycle (Rb) (see 
Chap. 11). No such information is available in reference to HPVs associated with benign tumors 
and the mechanisms of formation of warts remain an enigma at this time. 

Cytologic Features 

In general, the cells of benign epithelial tumors differ little from normal, although they 
may display evidence of proliferative activity in the form of mitotic figures. In general, the 
epithelial cells tend to adhere well to each other and form flat clusters of cells with clear 
cytoplasm and small nuclei, wherein cell borders are clearly recognized, resulting in the so- 
called honeycomb effect (Fig. 7-2). 

Benign tumors of mesenchymal origin, such as tumors of fat (lipomas), smooth muscle 
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(leiomyomas), or connective tissue (fibromas), can be sampled only by needle aspiration 
biopsies. In smears, the cell population resembles the normal cells of tissue of origin 

(i.e., fat cells, smooth muscle cells, or fibroblasts). As a warning, some malignant tumors of the 
same derivation may be composed of cells that differ little from their benign counterpart (see 
Chap. 24). 

However, some benign tumors, such as tumors of endocrine 
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or nerve origin, may show significant abnormalities in the form of large, 
hyperchromatic, sometimes multiple nuclei that explain why the DNA pattern of such 
tumors may be abnormal (Agarwal et al, 1991). In the presence of such abnormal cells, the 
cytologic diagnosis of benign tumors may be very difficult. Benign tumors caused by human 
papillomaviruses, such as skin warts and condylomas of the genital tract or bladder, may show 
significant cell abnormalities that may mimic cancer to perfection. 







Figure 7-2 Cells from a benign epithelial tumor. In this example from prostatic 
hyperplasia, there is a flat sheet of cells of nearly identical sizes. The cell borders among 
cells are recognizable as thin lines, giving the “honeycomb” effect. 



Benign tumors of many organs show specific microscopic features that may allow their 
precise recognition, as will be discussed in detail in appropriate chapters. On the other hand, in 
some organs, such as the endometrium, the distinction between benign proliferative processes, 
known as atypical hyperplasia, and low-grade cancer may depend on the preference of the 
observer (see Chap. 14). 



Behavior 

Some benign tumors may regress spontaneously, such as skin warts. However, most benign 
tumors do not regress but achieve a certain size and then either stop growing or continue to 
grow at a very slow rate. Still, the size alone may interfere with normal organ function and may 
require removal. Other reasons for therapy may be necrosis or hemorrhage within the benign 
tumor that may cause acute discomfort to the patient. Also, a benign tumor may occasionally 
give rise to a malignant tumor although, on the whole, this is a rare event. The mechanisms 
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and causes of such transformations are unknown, except for the colon, where it was shown, in 
high-risk populations, that a series of successive genetic abnormalities may lead from benign 
colonic polyps to cancer of the colon (see below). 

MALIGNANT TUMORS (CANCERS) 

Definition 

Fully developed primary malignant tumors are characterized by several fundamental features 
that apply to all cancers: 

■ Autonomous proliferation of morphologically abnormal cells results in abnormal, often 
characteristic tissue patterns and leads to the formation of a visible or palpable swelling or 
tumor. 

■ Invasive growth involves growth of cancerous tissue beyond the boundaries of tissue of 
origin. The invasion may extend into adjacent tissues of the same organ and beyond. 

■ Formation of metastases involves growth of colonies of cancer cells in distant organs, 
which again can proliferate in an autonomous fashion. For metastases to occur, the cancer 
cells must have the ability to enter either the lymphatic or blood vessels. Spread of cancer 
through lymphatics is known as lymphatic spread and leads to metastases to lymph nodes. 

Spread of cancer through blood vessels is known as hematogenous spread and may result 
in metastases to any organ in the body, whether adjacent to the tumor or distant (see Chap. 

43). 

The terms recurrent cancer and recurrence indicate a relapse of a treated tumor. 

Classification 

Cancers originating from epithelial structures or glands are known as carcinomas, whereas 
cancers derived from tissues of middle embryonal layer origin (such as connective tissue, 
muscle, bone) are classified as sarcomas. The names of yet other cancers of highly 
specialized organs or tissues may reflect their origin, for example, thymus = thymoma and 
mesothelium = mesothelioma. Cancers of blood cells are known as leukemias, and 
cancers of the lymphatic system as lymphomas (see Table 7-1). 

Carcinomas and sarcomas may be further classified according to the type of tissue of origin, 
which is often reflected in the component cells. Carcinomas derived from squamous 
epithelium, or showing features of this epithelial type, are classified as squamous or 
epidermoid carcinomas. In this text, the term “squamous carcinoma” will be applied to tumors 
with conspicuous keratin formation, whereas tumors with limited or no obvious keratin formation 
will be referred to as “epidermoid carcinomas.” Carcinomas derived from gland-forming 
epithelium or forming glands are classified as adenocarcinomas. There are also carcinomas 
that may combine the features of these two types of cancer and are, therefore, known as 
adenosquamous or mucoepidermoid carcinomas. Carcinomas of highly specialized organs 
may reflect the tissue of origin, for example, hepatoma, a tumor of liver cells. 

Sarcomas are also classified according to the tissue of origin, such as bone (osteosarcoma), 
muscle (myosarcoma), and connective tissue or fibroblasts (fibrosarcoma). Again, tumors 
derived from highly specialized tissues may carry the name of the tissue of origin, for example, 
glial cells of the central nervous system (glioma) or pigment-forming cells, melanoblasts 

(melanomas). 

Yet other tumors may show combinations of several tissue types (hamartomas and 
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teratomas), or reflect certain common properties, such as production of hormones (endocrine 
tumors). In certain age groups, tumors that show similar morphologic characteristics (although 
not cells of origin) have been grouped together as small-cell malignant tumors of 
childhood. The feature of all these tumors will be discussed in appropriate chapters. 

Immunochemistry may be of significant help in classifying tumors of uncertain origin or type 
(see below and Chap. 45). 

Risk Factors and Geographic Distribution 

Only about 5% of all malignant tumors occur in children and young adults. Most cancers are 
observed in people past 
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the age of 50. In fact, it can be stated that advancing age is a risk factor for cancer. The 
reasons for this are speculative and most likely are based on reduced ability of the older 
organism to control genetic abnormalities that are likely to occur throughout the life of an 
individual but are better controlled in the younger age groups. A possible candidate is capping 
of chromosomes by telomeres that protect the ends of chromosomes from injury and that are 
reduced with age (de Lange, 2001). Another important risk factor is immunosuppression, 
particularly in patients with AIDS (Frisch et al, 2001). 

Epidemiologic data from various continents and countries suggest that certain cancer types 
may preferentially occur in certain populations. For example, gastric cancer is very 
common in the Japanese, whereas cancer of the nasopharynx and esophagus is common in 
the Chinese. On the other hand, prostatic cancer is much less frequent in Japan than in the 
United States, where the disease is particularly common among African-Americans. Such 
examples could be multiplied. Epidemiologic studies have attempted to identify the causes of 
such events with modest success. It is known, for example, that among the Japanese living in 
Hawaii and the mainland United States, the rate of gastric carcinoma drops rapidly, and the 
change is attributed to a different diet. Several other environmental risk factors have been 
identified, but there are still huge gaps in our understanding of these events. The search for 
factors that may account for the geographic disparities is still in progress. 

Causes 

The first observations on the causes of human cancer had to do with environmental factors. 

Thus, an epidemic of lung cancer was observed in the 1880s in Bohemia (today the Czech 
Republic) in miners extracting tar that was subsequently shown to be radioactive (see Chap. 

20). In the 1890s, after the onset of industrial production of organic chemicals, some chemicals 
were shown to cause bladder tumors (see Chap. 23). Asbestos has been linked with malignant 
tumors of the serous membranes (mesotheliomas; see Chap. 26), cigarette smoking with lung 
cancer, and exposure to ultraviolet radiation with skin cancers and melanomas. Many of these 
relationships have been studied by cancer epidemiology, a science that attempts to 
document in an objective, statistically valid fashion the relationship of various factors to cancer. 

Another association of cancer is with infectious agents, such as viruses and bacteria 
(Parsonnet, 1999). Several RNA viruses, today known as retroviruses, have been shown to 
cause malignant tumors and leukemias in mice and other rodents, among them mammary 
carcinoma (Bittner, 1947; Porter and Thompson, 1948) and erythroleukemia in mice (de 
Harven, 1962). The ability of certain DNA viruses, such as the simian virus 40 (S V 40), to 
modify the features and the behavior of cells in culture has also been documented (Dulbecco, 

1964). Such modified cells, when injected into the experimental animal, produce tumors capable 
of metastases. 
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In humans, a number of DNA viruses have been implicated in various malignant processes. As 
previously mentioned, human papillomaviruses (HPVs) of certain types have been linked 
with cancer of the uterine cervix (see Chap. 11) and the esophagus (see Chap. 24). Another 
DNA virus, the Epstein-Barr virus (EB virus) was implicated in Burkitt's lymphoma and 
nasopharyngeal carcinoma. Virus of hepatitis B has been implicated in malignant tumors of 
the liver (hepatomas), whereas a newly discovered herpes virus type 8 has been found in 
association with vascular tumors, known as Kaposi's sarcoma, and certain types of malignant 
lymphomas in patients with AIDS. 

Bacteria, notably Helicobacter pylori, have now been implicated in the origin of gastric 
carcinoma and, perhaps, the uncommon gastrointestinal stromal tumors (GISTs) (see 
Chap. 24). 

However, the vast majority of human cancers occur in the absence of any known risk 
factors. With the onset of molecular biology, the study of members of families with known high 
risk for certain cancers (cancer syndromes; see below) has led to the observations that they 
carried certain genetic abnormalities that were either recessive or dominant. These 
abnormalities have led to the studies of molecular underpinning of the events leading to cancer, 
discussed below. 

Grading and Staging 

Grading of cancers is a subjective method of analysis of cancers that attempts to describe the 
histologic (and sometimes cytologic) level of deviation from normal tissue or cells of 
origin. Grading is expressed in Roman numbers or equivalent phrases. If the histologic 
pattern of a cancer resembles closely the makeup of the normal tissue, and is composed of 
cells that closely resemble normal, it may be graded as well differentiated, or grade I. On the 
other extreme are cancers that barely resemble the tissue of origin, if at all, and are composed 
of cells that differ significantly from normal; such cancers can be classified as poorly 
differentiated, or grade III. Most cancers fall somewhere between the two extremes and are 
therefore classified as moderately well differentiated, or grade II. There are also systems of 
grading based exclusively on the configuration of nuclei of cancer cells, particularly in 
breast cancer (see Chap. 29). Several objective methods of measurements of cancer cells and 
their nuclei have been introduced to replace subjective grading (review in Koss, 1982). Grading 
may have some bearing on behavior of cancer, inasmuch as poorly differentiated tumors may 
be more aggressive than well differentiated. Grading is most valuable as a modifier of cancer 
staging. 

Staging of cancers is based on an internationally accepted code to assess the spread of 
cancer at the time of diagnosis. The TNM system includes tumor size and extent of 
invasion (T), the involvement of the regional lymph nodes by metastases (N), and the presence 
or absence of distant metastases (M). The T group is usually subclassified and ranges from Tis 
(tumor in situ) or To, indicating a cancer confined to the tissue or organ of origin, to T1 , T2, 
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T3 and T4, indicating tumor size and, in some instances, the depth of invasion. 

Clinical staging is based on the results of inspection and palpation, now usually supplemented 
by radiologic techniques, such as magnetic resonance imaging (MRI) or ultrasound. Pathologic 
staging is based on examination of tissues surgically removed from the patient. The pathologic 
stage of a tumor may be higher than the clinical stage because, on microscopic examination, 
spread of cancer may be discovered in tissues that were clinically not suspect of harboring 
disease. The TNM system (sometimes combined with grading) is particularly useful in 
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assessing the prognosis. To tumors have a much better outcome than T3 or T4 tumors. 

Tumors without metastases have a better prognosis than tumors with metastases. The TNM 
system is very useful in comparing the results of treatment of various malignant diseases in 
different institutions. 

Behavior 

In principle, all invasive cancers, if untreated, should lead to the death of the patient. However, 
even in untreated patients, the behavior of cancers may be extremely variable; some 
types of malignant tumors progress very slowly and take many years to spread beyond the site 
of origin, whereas other cancers progress and metastasize very rapidly, such as some cancers 
composed of small, primitive cells. In experimental systems, arrest and regression of malignant 
tumors was accomplished by a variety of manipulations (e.g., Silagy and Bruce, 1970) or by 
replacement of damaged genes and chromosomes. There is no doubt that occasionally, but 
very rarely, a spontaneous regression of human cancer can occur. Gene replacement 
therapy, however, has not been successful to date in human cancer. 

Although statistical data are available today in reference to prognosis of most tumor types, 
experience shows that the rules do not always apply to individual patients. Except for the 
recognition of some cancer types with notoriously rapid progression, the classification of tumors 
by histologic (or cytologic) types may have limited bearing on behavior that is sometimes 
dependent on the organ of origin. For example, patients with squamous carcinomas of the 
cervix have a generally better prognosis and live longer than patients with cancers of identical 
type of the esophagus. As a group, adenocarcinomas of the breast are likely to be more 
aggressive and produce metastases sooner and more frequently than adenocarcinomas of the 
endometrium. In most common cancers, the behavior is better correlated with tumor stage than 
histologic type or grade, although grading may be a modifier of staging. The behavior of tumors 
of the same stage but different grades may vary. Tumors of higher grade often behave in a 
more aggressive fashion. 

PRECURSOR LESIONS OF HUMAN CANCER 

Although the concepts of precursor lesions of cancers were proposed in the early years of the 
20th century (see Chap. 1), the existence and significance of these processes was firmly 
established during the last half of the 20th century. It is now known, with certainty, that tumors 
of epithelial tissue origin or carcinomas are preceded by abnormalities confined to the 
epithelium (Fig. 7-3). All these precursor lesions were initially classified as carcinoma in situ, 
and are now subdivided into several categories with names such as dysplasia or 
intraepithelial neoplasia. Some of these lesions may be graded by numbers (grade I, II, or 
III); by 
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adjectives, such as “mild,” “moderate,” or “severe”; or, within recent years, as “low-grade” or 
“high-grade” lesions. The grading has been used to indicate the makeup of these lesions 
— that is, the degree of morphologic abnormality — when compared with normal tissue of 
origin. Lesions resembling closely the epithelium of origin, albeit composed of abnormal cells, 
are classified as “low grade.” Lesions showing less or little resemblance to the epithelium of 
origin, usually composed of small abnormal cells, are classified as “high grade.” The grading 
has some bearing on the behavior of the precursor lesions, although in practice it has a rather 
limited value and reproducibility, as will be set forth in appropriate chapters. 



286 / 3276 



Koss' Diagnostic Cytology & Its Histopatho7ogfdjBdae$pi5tal Eabncepts of Neoplasia: Benign Tumors and Cancer 




Figure 7-3 Carcinoma in situ (severe dysplasia) of colon. A. Low power view of 
normal {right) and abnormal (left) colonic epithelium. B,C. The differences between the 
makeup of benign glands ( B ) lined by mucus-producing cells with small nuclei, and the 
malignant epithelium ( C ) composed of cells with no secretory function, very large nuclei, 
and evidence of mitotic activity are shown. 



The general characteristics of precursor lesions of carcinomas are as follows: 

■ The lesions are confined to the epithelium of origin. 

■ They are composed of cells showing abnormalities that are similar but not necessarily 
identical to fully developed cancers. 

■ Their discovery is usually the result of a systematic search, usually by cytologic 
techniques (e.g., in the uterine cervix, lung, oral cavity, urinary bladder, or esophagus) or 
incidental biopsies (e.g., colon). Although some precursor lesions may produce clinical 
abnormalities visible to the eye, such as redness, they do not form visible tumors. The 
discovery of precursor lesions is one of the main tasks of diagnostic cytology. 
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■ The behavior of precancerous lesions is unpredictable. Some of these lesions are 
capable of progression to invasive cancer but the likelihood of progression varies 
significantly from organ to organ. For example, in the urinary bladder at least 70% to 80% 
of untreated precursor lesions (flat carcinomas in situ and related lesions) will progress to 
invasive cancer, whereas, in the uterine cervix, the likelihood of progression does not exceed 
20% (see Chaps. 1 1 and 23). The data for other organs are not secure because the system 
of discovery of precancerous lesions is not efficient. It must be noted that molecular genetic 
studies of precancerous lesions of the urinary bladder disclosed the presence of 
abnormalities that may also be observed in fully developed cancer. Similar observations were 
made in the sequence of events leading to cancer of the colon. 

Progression of Intraepithelial Lesions to invasive Cancer 

Epidemiologic studies have shown that, as a general rule, precursor lesions occur in persons 
several years younger than persons with invasive cancer of the same type. Hence, it is 
assumed that several years are required for an intraepithelial lesion to progress to 
invasive cancer. For invasion to take place, the cells of the precursor lesion must break 
through the barrier separating the epithelium from the underlying connective tissue and, hence, 
must breach the basement membrane. One of two possible events must be assumed: 

■ The cells composing the precancerous lesions acquire new characteristics that allow them to 
breach the basement membrane. 

■ The basement membrane becomes altered and becomes a porous barrier to the cells. 

Although the molecular mechanisms of such events are unknown at this time, there is evidence 
that some of the genes involved in carcinogenesis affect the adhesion molecules on cell 
membranes (see below). This relationship, when unraveled, may explain the mechanisms of 
invasion. Another, as yet unexplored, possibility is that the basement membrane is breached 
by ingrowing or outgrowing capillary vessels, thus paving the way for cancer cells to 
escape their confinement. 

CURRENT TRENDS IN MOLECULAR BIOLOGY OF HUMAN CANCERS 
Overview of the Problem 

Cancer is a disease of cells that escape the control mechanisms of orderly cell growth 
and acquire the ability to proliferate, invade normal tissues, and metastasize. It is 

generally assumed that cancer is a clonal disorder derived from a single transformed cell 
(see below). The fundamental research issue was to determine whether cancer was the result 
of stimulation of cell growth, damage to the mechanisms regulating normal cell replication, or 
both. Marx (1986) referred to this dilemma as the Yin and Yang of cell growth control, referring 
to the old Chinese concept of contradictory forces in nature. 

There were several significant problems with the study of molecular events in cancer. One of 
them was the heterogeneity of cancer cells — the observation that few, if any, cancer cells 
were identical. This phenomenon of cancer cell diversity was extensively studied by Fidler et al 
(1982, 1985), who documented that, in experimental tumors in mice, some cancer cells were 
capable of forming metastases and others were not. It has also been known for several years 
that the number and type of chromosomal abnormalities increased with the progression of 
cancer, reflecting the genomic instability in the cancer cells (recent review in Kiberts and Marx, 

2002). Nowell (1976), who studied this phenomenon in leukemia, called it clonal evolution. In 
cytogenetic studies of fully developed solid cancers, the number of chromosomes in individual 
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cancer cells is often variable and other aberrations of chromosomes may also occur (see Chap. 

4). It is not an exaggeration to state that advanced human cancer represents a state of 
genetic chaos. The diversity of cancer cells, even within the same tumor, made it very difficult 
to assess whether observed molecular genetic abnormalities had universal significance or were 
merely an incidental single event (recent reviews in Tomlison et al, 2000, and Hahn and 
Weinberg, 2002). 

The type of material that was available to the basic science investigators also posed similar 
problems. Fragments of cancerous tissues available for such purposes were usually derived 
from advanced tumors that were likely to show a great deal of heterogeneity and genetic 
disarray. In vitro 
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culture of human cancers is technically difficult, and the cell lines derived therefrom usually 
represented a single clone of cells that is not necessarily representative of the primary tumor. 

Further complications arose when DNAor RNAwere extracted from such tissue samples for 
molecular analysis. Besides tumor cells, such tissues always contained an admixture of benign 
cells from blood vessels, connective tissue stroma, inflammatory cells, and remnants of the 
normal organ of origin. The question as to what constituted tumorspecific findings, rather than 
findings attributable to normal cells, was often difficult to resolve. Many of these difficulties 
persist. 

Some solutions to these dilemmas came from several unrelated sources. One of them was the 
discovery of growthpromoting DNA sequences, known as oncogenes, and their precursor 
molecules, the protooncogenes, in an experimental system of transformed rodent cells. The 
protooncogenes and oncogenes could be isolated and sequenced. The search could now 
begin for matching sequences in the DNA extracted from normal human tissues and cancer. 

The protooncogenes and oncogenes and their role in cancer are described below. 

Another breakthrough occurred with the study of the patterns of occurrence of 
retinoblastoma, an uncommon malignant tumor of the retina in children. Knudson (1971) 
anticipated that a fundamental genetic abnormality accounted for the familial pattern of this 
disease. This abnormality was subsequently identified as a deficiency or absence of a gene 
located on chromosome 13, which was named the retinoblastoma (Rb) gene (see below for 
further discussion). Similar studies of families with “cancer syndromes” were also 
conducted. Such families, described by a number of investigators (Gardner, 1962; Li and 
Fraumeni, 1969; summaries in Lynch and Lynch, 1993; Fearon, 1997; Varley etal, 1997; Frank 
2001) were characterized by a high frequency of occurrence of cancers in various organs. The 
most important cancer syndromes are listed in Table 7-2. By a variety of techniques known as 
linkage analysis, the genetic abnormalities could be identified and the genes localized — first to 
chromosomes, then to segments of chromosomes, and, finally, to the specific location on the 
affected chromosome. The isolation and sequencing of such genes were an essential step in 
studying their function and interaction with other genes. 



TABLE 7-2 MOLECULAR GENETICS OF SOME CANCER SYNDROMES PERTINENT TO 

DIAGNOSTIC CYTOLOGY 



Clinical 

Tumor Suppressor Chromosomal Significance 
Syndrome Gene Location — Target Organs 



Cytologic 

Targets 
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Familial 
polyposis coli 


APC 


5 q 


colon cancer 


metastatic 
cancer (liver, 
effusions, etc.) 


Hereditary 

retinoblastoma 


RB 1 


13 q 


eye: 

retinoblastoma 

bone: 

osteosarcoma 


primary or 
metastatic 


Breast cancer 
(less 

commonly 


BRCA1 


17 q 


breast, ovary 


primary or 
metastatic 


ovarian and 
tubal cancer) 


BRCA2 


13 p 


breast, 

pancreas 


primary or 
metastatic 


Li-Fraumeni 


p53 


17 p 


diverse 

malignant 

tumors 


primary or 
metastatic 


Multiple 
endocrine 
neoplasia 
(MEN 1) 


MEN 1 


11 q 


tumors of 

endocrine 

organs [thyroid, 

parathyroid, 

adrenal, 

pancreas 

(islands of 

Langerhans), 

pituitary] 


primary or 
metastatic 


Multiple 
endocrine 
neoplasia 
(MEN 2) 


★ 

RET 

adrenal: 

pheochromocytoma 


10 q 


thyroid: 

medullary 

carcinoma, 


primary or 
metastatic 


Renal ca (part 
of von Hippel- 
Lindau 
syndrome) 


VHL 


3 P 


kidney: 

carcinoma 


primary or 
metastatic 


Wilms' tumor 


WT 1 


11 p 


kidney: Wilms' 
tumor 


primary or 
metastatic 


Peutz-Jeghers 


STK 11 + 


19 p 


associated with 


endocervical 
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syndrome 




minimal 

deviation 

endocervical 

adenocarcinoma 


adenocarcinoma 


Hereditary PI 6 


9 q 


skin: malignant 


metastatic 


melanoma 




melanoma 


tumors 


CDK4 


12 q 






* 

oncogene 

q = long arm of chromosome 








inactivation of protein kinases 
p = short arm of chromosome 









Of special value in this research were families with congenital polyposis of the colon, a 
disease process in which the patients develop innumerable benign colonic polyps and, unless 
treated, invasive cancer of the colon sooner or later. A group at The Johns Hopkins medical 
institutions in Baltimore, MD, led by Vogelstein, Fearon, and others, undertook a systematic 
study of genetic changes occurring 
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in benign colonic polyps, polyps with atypical features, early cancer, and invasive colonic 
cancer. These studies led to a model of carcinogenesis in the colon that postulated a 
sequence of genetic abnormalities leading from normal epithelium to polyps to cancer (Fig. 7-4). 
Although this model is not likely to be applicable to all cancers of the colon, let alone other 
organs, it stimulated a great deal of research on carcinogenesis. Perhaps the most important 
developments, resulting directly or indirectly from the studies of familial cancer, were the 
discovery of the role played by regulatory genes (tumor suppressor genes) in the events of 
cell cycle and the relationship of genes involved in cancer genesis with adhesion 
molecules that regulate the relationship of cells to each other and to the underlying stroma. 

These observations are discussed below. 
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Figure 7-4 Sequence of molecular events in the development of carcinoma of 
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colon. (Courtesy of Dr. Bert Vogelstein, Johns Hopkins Medical Institutions, Baltimore, 

MD.) 



Another development that proved to be of significance in this research was the Human 
Genome Project, which provided a great deal of information on the distribution of genes on 
human chromosomes. Although the map of the human genome has been completed and the 
significance and role played by most of the genes remain unknown, commercial probes to many 
of these genes have become available that allow the study of genetic abnormalities in various 
human cancers. The emerging information is, unfortunately, enormously complex and so far has 
shed little light on the initial events, or sequence of events, in solid human cancer. Still, the 
genome project led to the discovery of the human breast cancer genes BRCA1 and BRCA2, to 
be discussed below. 
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Figure 7-5 Schematic representation of the origin of an oncogene (sarcoma or src 
gene) in an experimental system in which malignant transformation of cultured cells is 
achieved by means of a retrovirus. 



Protooncogenes and Oncogenes 

The first significant observation shedding light on the molecular mechanisms of cancer was the 
discovery of oncogenes in the 1980s (summary in Bishop, 1987). The oncogenes were first 
identified in experimental systems in which cultured, benign rodent cells were infected with 
oncogenic RNA viruses (retroviruses) and were transformed into cells with malignant 
features. The viral RNA by means of the enzyme reverse transcriptase is capable of producing 
cDNAthat is incorporated into the native DNA (genome) of the cell, which becomes the source 
of viral replication. It has been observed that regulatory genes of host DNA, named 
protooncogenes, which may be incidentally appropriated by the viral genome, are essential 
in the transformation of the infected cells into cells with malignant features. The 
“stolen” host cell genes, when either overexpressed or modified (mutated), become a 
growth -promoting factor that has been named an oncogene (Fig. 7-5). The first 
oncogenes discovered were named ras (retrovirus-associated sarcoma or rat sarcoma). 

Several variants of the ras oncogenes were subsequently discovered and described with 
various prefixes, such as Ki -ras, Ha -ras, and N -ras, reflecting the initials of the investigators. 

Shortly after the discovery of the first protooncogenes and oncogenes and their sequencing, 
their presence could be documented by Southern blotting and similar techniques in DNA from 
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normal human tissues, in human tumors, and in cell lines derived therefrom. On the assumption 
that the study of oncogenes will provide the clue to the secrets 
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of abnormal cell proliferation in cancer, the search for other oncogenes and growth-promoting 
factors began in earnest and led to the discovery of a large number of such genes that have 
now been sequenced and traced to their chromosomal sites. 

Two fundamental modes of oncogene function have been identified — overexpression 
(amplification) of a normal protooncogene product, and a point mutation, a single nucleotide 
change in an exon of the gene, leading to a modified protein product. It is known that some 
oncogenes can be activated because their original chromosomal site has been disturbed by 
breakage and translocation of chromosomal segments, as observed in lymphomas and 
leukemias (see below). They may also be overexpressed in chromosomal fragments, such as 
C-myc oncogene, observed in the double-minute chromosomes of neuroblastoma (see 
Chap. 4). 

The protooncogenes and the oncogenes exercise their activity through their protein 
products, many of which have been identified. For example, the genes of the ras family 
encode a group of proteins of 21 ,000 daltons, known as p21 . Contrary to the initial hopes that 
all oncogenes would have a simple, well-defined function in the transformation of benign into 
malignant cells, it is now evident that the oncogenes are a diverse family of genes, with 
different locations within the cell and different functions. Several oncogenes have been traced 
to the nucleus (e.g., myc, myb, fos, jun), presumably interacting directly with DNA Other 
proteins encoded by oncogenes have an affinity for cell membranes (e.g., ras, src, neu) or the 
cytoplasm (e.g., mos). These latter two groups of oncogenes appear to interact, on the one 
hand, with cytoplasmic and cell membrane receptors and, on the other hand, with enzymes, 
such as tyrosine kinase, that play a role in DNA replication. It is possible that the oncogenes 
located on cell membranes are instrumental in capturing circulating growth factors that stimulate 
proliferation of cells. 

In solid human tumors, the activation or overexpression of various oncogenes has been 
shown to be a common event, unlikely to establish a simple cause-effect relationship between 
oncogene activation and the occurrence of human cancer. The presence of oncogene products 
could be demonstrated either by molecular biology techniques or by immunocytochemistry in 
many different human cancers. As an example, the presence of the ras oncogene product, p21 , 
has been documented by us and others in gastric, colonic, and mammary cancer cells, and in 
several other human tumors (Czerniak et al, 1989, 1990, 1992). In cytochemical studies, it was 
noted that oncogene products are variably expressed by cancer cells, some of which stain 
strongly and some that do not stain at all, suggesting heterogeneity of oncogene expression. It 
is possible that the expression of the oncogene products is, to some extent, cell cycle 
dependent (Czerniak et al, 1987). With image analysis and flow cytometric techniques (see 
Chaps. 46 and 47), the amount of the reaction product can be measured (Fig. 7-6). Press et al 
(1993) stressed that immunocytologic microscopic techniques with specific antibodies are 
probably more reliable in assessing the expression of an oncogene in tissues than is the 
Southern or northern blotting technique. The blotting techniques require the destruction of the 
tissue samples and, therefore, fail to provide information on the makeup of the destroyed tissue 
and on the proportion of normal cells in the sample. 

However, there is no agreement on the diagnostic or prognostic value of such measurements in 
human solid tumors, with a few exceptions. For example, the elevated expression of the product 
of the oncogene HER2 (also known as c-erbB2), a transmembrane receptor protein, indicates 
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poor prognosis and rapid progression of breast cancers in about 25% of affected women 
(Slamon et al, 1989). In fact, an antibody to the protein product of this gene has been 
developed commercially for human use and is of benefit in prolonging life in some women with 
advanced metastatic breast cancer (see Chap. 29). This is one of the first indications that 
knowledge of the oncogenes or tumorpromoting factors may be of benefit to patients. Although 
oncogenes play an important role in human cancer, their precise role is complex (summary in 
Krontiris, 1995). Weinstein (2002) suggested that individual cancers are “addicted” to their 
specific oncogenes and suggested that oncogene suppression may lead to cure. 

As on example, the drug Gleevac (Novarrtis) has been shown to be effective against chronic 
myelogenous leukemia by blocking the oncogenic protein ber = abl, the product of 
chromosome translocation. 

Tumor Suppressor Genes and Gatekeeper Genes 

The oncogene story became even more complicated with the identification of genes known 
collectively as tumor suppressor genes or gatekeeper genes. As previously mentioned, this 
research has been stimulated by studies of families with cancer syndromes (recent 
summary in Fearon, 1997; see Table 7-2). The first such gene discovered was the 
retinoblastoma (Rb) gene, located on the short arm of chromosome 13. Retinoblastoma is an 
uncommon, highly malignant eye tumor of childhood that occurs in two forms: (1) a familial form, 
in which usually both eyes are affected, and (2) a sporadic form, in which one eye is affected. 

Following treatment of retinoblastoma, other cancers, such as osteogenic sarcoma, may 
develop in the affected children. Thus, the defect of the Rb gene may have multiple 
manifestations. 

It was postulated by Knudson in 1971 that retinoblastomas are the consequence of two 
mutational events (two-hit theory of cancer). The familial form of retinoblastoma implied a 
hereditary defect of some sort, supplemented by a single additional sporadic mutation, leading 
to cancer. In the sporadic form, two mutational events were anticipated against a normal genetic 
background. In retinoblastoma, the gene on chromosome 13 was frequently deficient or absent, 
thus fulfilling the first requirement of Knudson's hypothesis. This gene has now been 
sequenced and its anti-tumor activity has been confirmed in vitro by Huang et al in 1988. It has 
been learned in recent years that the protein product of the Rb gene regulates the 
expression of one of the proteins regulating the cell cycle, known as D cyclins, which govern 
the transition of cells from Go to Gi stage of 
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mitosis. It is postulated that the absence of, or damage to, the Rb gene deregulates the 
cell cycle, leading to cancer. 
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Figure 7-6 Measurement of fos p55 by computer-assisted image analysis (top) and flow 
cytometry (bottom). BS = background staining; fosP + fosAb = antibody to fos product p55 
blocked by p55; fosAb = expression of unopposed antibody to p55; BF = background 
fluorescence. (Bottom right) Western blot of MCF7-K0 protein extract incubated with 
antibody to c -fos p55. (Czerniak B, et al. Quantitation of oncogene products by computer- 
assisted image analysis and flow cytometry. J Histochem Cytochem 38:463, 1990.) 



Another important regulatory gene is p53, a protein product of the gene located on the short 
arm of the chromosome 17 (Levine et al, 1991). p53 is a DNA binding protein that regulates 
the transcription of DNA, its repair by a cascade of other proteins, and is, therefore, 
considered to be a “guardian of the genome” (Lane, 1992). If a transcriptional error occurs, 
the replication is stopped until the error is repaired. The mechanism of arrest is mediated by a 

cell cycle inhibitor, protein p 2 iWAF 1 /CIP 1 , j s different from the p21 protein of the ras 
gene. If the repair is not executed, the cell may enter into the cycle of programmed cell death or 
apoptosis, discussed in detail in Chapter 6. 

The natural p53 product is short-lived and difficult to demonstrate; however, a gene mutation 
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leads to a modified protein that has a much longer life span and can be demonstrated by a 
variety of techniques, including immunocytochemistry. Loss of heterozygosity of p53 
(inactivation or mutation of one of the two identical genes within the cell) is a very common 
event in many human cancers of various organs, mainly in advanced stages (see later text). 

However, in some cancers, such as high-grade cancer of the endometrium, the mutation of p53 
is presumed to occur as an early event (see Chap. 13). The presence of mutations of the Rb 
gene and of the p53 protein has been shown to confer a poor prognosis on some cancers, such 
as cancers of the bladder (Esrig et al, 1993; Sarkis et al, 1993), some malignant lymphomas 
(Ichikawa et al, 1997), and chondrosarcomas (Oshiro et al, 1998). 

Other tumor suppressor genes include the recently identified breast cancer genes, BRCA1 
and BRCA2 (see Table 7-2). The mutations of these genes have been observed in a larger 
proportion of Jewesses of Eastern European (Ashkenazi) origin than in other comparable 
groups of women (recent summary in Hofmann and Schlag, 2000). Although some of these 
women are at an increased risk for breast, and, to a lesser extent, ovarian and tubal cancer, 
and deserve close follow-up, the extent of risk for any individual patient cannot be assessed. In 
some of these women, preventive measures, such as a prophylactic mastectomy and 
oophorectomy have been proposed (Schraq et al, 1997). Clearly, many such dilemmas will 
occur as new risk factors for cancer are discovered. Silencing of tumor suppressor genes may 
be caused by methylation that does not involve DNA mutations (recent summary in Herman 
and Baylin, 2003). 
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Another set of genes involved in malignant transformation of normal cells into cancer cells is the 
susceptibility genes, considered by Kinzerand Vogelstein (1998) as “caretakers of the 
genome.” These genes, when mutated or inactivated, contribute indirectly to the neoplastic 
process, probably by regulating the relationship of the transformed cells to connective tissue 
stroma. Such genes have been observed in a colon cancer syndrome known as the hereditary 
nonpolyposis colorectal cancer (summary in Kinzer and Vogelstein, 1996). These 
observations bring into focus another critical issue in reference to cancer, namely the 
relationship of cancer cells to adhesion molecules that normally maintain order within the 
tissue and are critical in understanding the mechanism of cancer invasion and metastases. 

Several such molecules, such as cadherins (Takichi, 1991), integrins (Albelda, 1993), lamins 
(Liotta et al, 1984), and CD44 (Tarin, 1993), have been studied and have been shown to be of 
significance in cancer invasion and metastases. 

It is the consensus of most investigators that cancer is a multistep process that includes 

sequential and progressive accumulation of oncogenes and inactivation of growth- 
regulating genes. 

Microsatellite Instability 

Another mechanism of cancer formation is instability of microsatellites, which are repetitive 
DNA sequences scattered throughout the genome. It has been noted that about 15% of colon 
cancers with a relatively normal chromosomal component display abnormalities of 
microsatellites (Gryfe et al, 2000; de la Chapelle, 2003). It is of note that the two pathways of 
colon cancer, i.e., chromosomal instability and microsatellite instability, result in different 
tumors with different behavior pattern and prognosis. The tumors with chromosomal 
instability are aneuploid, occur mainly in descending colon, and have a poor prognosis when 
compared with tumors with microsatellite instability, which tend to be diploid and occurring 
mainly in ascending colon (de la Chapelle, 2003). 
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Gene Rearrangement in Malignant Lymphomas and Leukemias: Effects of 
Translocations 

Chromosomal abnormalities in leukemias have been studied since the onset of contemporary 
genetics. The Philadelphia chromosome (Ph), a shortened chromosome 22, described by 
Nowell and Hungerford in 1960 in chronic myelogenous leukemia, was the first documented 
chromosomal abnormality characteristic of any human cancer (see Chap. 4). With the 
availability of the techniques of chromosomal banding and molecular biology, the genetic 
changes in this group of diseases could be studied further. Many of these fundamental 
observations are of diagnostic and prognostic value. In many disease processes within this 
group of cancers, an exchange of chromosomal segments or translocation is observed 
(see Chap. 4 for a discussion of cytogenetic changes in human cancer). Thus, it has been 
shown that the Ph chromosome is the result of a translocation of portions of the long arm of 
chromosome 22 to the long arm of chromosome 9 [abbreviated as t(q9;q22)]. In certain forms of 
malignant lymphoma (notably in lymphomas of Burkitt's type), there is a reciprocal translocation 
between segments of chromosomes 14 and 18 (Fig. 7-7). 




Figure 7-7 Reciprocal translocation between fragments of chromosomes 8 and 14 
in Burkitt's lymphoma. The translation activates the myc gene and an adjacent 
immunoglobulin gene. 



The results of a translocation can be: 

■ Activation of a gene 

■ Silencing of a gene 

■ Formation of a novel protein by fusion of coding sequences of participating chromosomes 

It is the last property that has served as a template for development of a new drug (Gleevec, 
Novartis) that is effective against the product of chromosomal translocation in chronic 
myelogenous leukemia. The new agent also appears to be active against a group of 
gastrointestinal tumors known as GIST (see Chap. 24). 

Many genes affected by translocations have been localized, identified, and sequenced 
(Mitelman and Mertens, 1997). It is now known that the genes involved are often related to the 
principal sites encoding immunoglobulin genes. Adjacent genes often encode for certain 
oncogenes. For example, the 14:18 chromosomal translocation in B-cell lymphomas affects a 
gene known as bd-2 and, in Burkitt's lymphoma, the c -myc gene. Both the bcl-2 and c-myc 
genes have been shown to be inhibitors of programmed cell death or apoptosis and it is 
assumed that their mutation prevents apoptosis of genetically deficient cells and, thus, 
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contributes to an unregulated proliferation of abnormal cells or cancer (Sanchez-Garcia, 1997). 

Tumor Clonality: Loss of Heterozygosity 

Another molecular feature that is common in cancer is loss of heterozygosity. The observation 
is based on the premise 
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that the two chromosomal homologues in each cell are not identical, as one is of paternal 
and the other of maternal origin. It is assumed that all cancer cells are derived from a single 
progenitor cell that carries the characteristics of only one parent and not both. One of 
the two genes may be inactivated or mutated. This phenomenon, known as loss of 
heterozygosity (LOH), could be first documented by studying the clonality of X chromosome 
expression in human cancer using markers to inactive chromosomal DNA. The most 
informative of these markers is X-linked human androgen receptor or Humara that can be 
effectively used in the detection of clonality of various disorders, whether malignant or benign 
(Willman et al, 1994). LOH can also be determined by Southern blotting searching for 
differences in expression of specific genes between the normal and malignant cells of the same 
person, using DNA amplified by polymerase chain reaction. 

Angiogenesis 

Another critically important factor in growth of cancer is supply of nutrients necessary to sustain 
the growth of cancer cells. A network of capillary vessels sustains the growth of cancer 
(Folkman and Klagsbrun, 1987). The molecules responsible for growth of capillaries have been 
identified and drugs directed against these factors are under development (Folkman, 1995). In 
the broad assessment of factors leading to cancer by Hahn and Weinberg (2002), 
angiogenesis is considered to be one of the five fundamental factors in the genesis of human 
cancer, the other four being resistance to growth inhibition, evasion of apoptosis, 
immortalization, and independence from mitotic stimulation. 

In animal models, suppression of angiogenesis leads to regression of end-stage cancers 
(Bergers et al, 1999). 

Immortality of Cancer Cells 

In 1965, Hayflick pointed out that normal cells have a limited life span and die after 50 
generations. These constraints are not applicable to cancer cells, which are theoretically 
immortal, as pointed out by Cairns (1975). Contrary to normal cells, given favorable conditions 
necessary for survival, cancer cells can live forever, and, in fact, they do so in tissue cultures. 

The reasons for the ability of cancer cells to proliferate without constraints are complex and not 
fully understood. One of the likely reasons is that cancer cells are deficient in control 
mechanisms protecting normal cells from faulty reproduction of DNA In favor of this concept is 
the presence of the genetic defects, such as a mutated p53, in some cancer cells. This 
heritable defect in DNA control mechanisms may explain why the initial genetic changes lead to 
a cascade of events that result in ever increasing molecular (and chromosomal) disorders, 
discussed previously. 

It is also possible that the chromosomes in cancer cells have a better mechanism of survival 
that prevents them from entering senescence, customary in normal cells. The guilty party may 
be the group of enzymes known as telomerases, enzymes governing the formation of 
telomeres, or the terminal endings of chromosomes (Blackburn, 1990). In normal cells, the 
length of the telomeres shrinks with age, presumably preventing the chromosomes from normal 
replication and leading to cell death after the 50 generations observed by Hayflick. 
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Telomerases may be overexpressed in cancer and provide additional telomeres, thus 
preventing the senescence of chromosomes and leading to the immortality of cancer cells 
(Haber, 1995). Measuring the elevated expression of telomerase in cells has been used in 
the diagnosis of cancer (see Chap. 26). 

The observations on the role of telomeres and telomerase in normal and cancerous cells are 
somewhat paradoxical; longevity of cells (and, by implications, multicellular organisms) and 
cancers have a common denominator. It is a matter for pure speculation at this time whether the 
efforts at extending the span of normal human life will inevitably lead to cancer. The same 
reasoning may, perhaps, be applied to the efforts at reversal of the malignant process by 
replacing damaged genes with intact genes. Such procedures have been repeatedly and 
successfully performed in vitro on tissue cultures but, so far, there is no reported evidence 
known to us of a successful application of such a procedure to multicellular organisms in vivo. It 
remains to be seen what long-term consequences this sort of a genetic manipulation of complex 
organisms may produce. 

Animal Models 

Many of the relationships among genes in cancer cells have been studied in experimental 
models in mice and rats wherein, by special manipulations on ova, certain genes can be 
removed or inserted. Knockout mice (summary in Majzoub and Muglia, 1996) and transgenic 
animals (summary in Shuldiner, 1996) are models of gene suppression or enhancement. It is 
still questionable whether such animal models have direct or even indirect bearing on human 
cancer where rescue mechanisms surely exist that prevent single gene abnormalities from 
transforming normal cells into cancer cells. Nonetheless, some of the animal models shed light 
on mechanisms of some human cancer (see Chap. 23). 

MOLECULAR BIOLOGY AND DIAGNOSTIC CYTOLOGY 

The techniques of molecular biology, described in Chapter 3, have had, thus far, a relatively 
small impact on diagnostic cytology, and have not as yet, and perhaps never will, replace the 
light microscope as the principal diagnostic tool. Nonetheless, it is evident that some of these 
techniques already play an important role in the diagnosis, prognosis, and even treatment of 
human cancer and that this role may increase with the passage of time. 

Some of these developments pertain to: 

■ Identification and quantitation of various gene products 
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by in-situ hybridization and immunocytochemistry, DNA RNA tissue arrays and proteomics 

■ Analysis of DNA replication and cell proliferation 

■ Determination of cell death (apoptosis and necrosis, see Chap. 6) 

■ Documentation of chromosomal abnormalities by fluorescent in situ hybridization (FISH) and 
other techniques (see Chap. 4) 

■ Application of molecular biologic techniques to the identification of cancer cells (as an 
example, see Williams et al, 1998, Keesee et al, 1998) 

■ Identification and characterization of viral agents that may play an important role in the 
genesis of human cancer 

■ Identification of infectious agents that may directly or indirectly influence the natural history of 
cancer 
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Some of the early work documented that it was possible to perform cytogenetic studies on 
aspirated samples (Kristoffersson et al, 1985). Subsequently, gene rearrangement in 
aspirated cell samples of malignant lymphoma was documented (Lubinski et al, 1988). 
Cleaving the patient's DNAwith an appropriate endonuclease and an analysis of the DNA 
product by Southern blotting disclosed patterns characteristic of the disease. Such techniques 
have been applied to aspirated samples of lymph nodes. If necessary, scanty DNA samples 
can be subjected to polymerase chain reaction (PCR; see Chap. 3) to amplify the genes of 
interest. This technique has been used by Feimesser et al (1992) to document the presence of 
Epstein Barr virus (EBV) in cells aspirated from neck lymph nodes in patients with presumed 
nasopharyngeal carcinoma. Because EBV is commonly associated with this tumor, its 
presence was confirmatory of the diagnosis. 

The fluorescent in situ hybridization technique (FISH) has been repeatedly used in aspirated 
samples to document numerical abnormalities of various chromosomes in cancer cells 
(early example in Veltman et al, 1997; review in Wolman, 1997; see Chaps. 23 and 26 for 
further comments). The presence of chromosomal translocations by probes to hybrid 
transcripts was documented by Akerman et al (1996) in Ewing's sarcoma and in mantle cell 
lymphoma by Hughes et al (1998). Reverse transcriptase polymerase chain reaction (RT- 
PCR) to identify rare cancer cells in the bone marrow and circulating blood is described in 
Chapter 43. Nilsson et al (1998) used this technique to study translocations in synovial 
sarcoma. 

Studies of apoptosis using the TUNEL reaction (see Chap. 6) have been repeatedly 
performed. As this chapter is being revised (2004), these techniques, including DNA, RNA 
arrays, and proteomics, are in their infancy. Still, the early experience has shown that 
aspirated cell samples are suitable for molecular genetic analysis and offer one major 
advantage — the sampling can be repeated, if needed, without surgical removal of the lesion 
and without harm to the patient. Li et al (1995) documented that DNA extracted from archival 
cell samples is suitable for polymerase chain reaction. 

Application of these techniques in reference to tumors of various organs is discussed in 
appropriate chapters. Examples include molecular characterization of neuroblastoma 
(Frostad et al, 1999), determination of telomerase activity in fluids (Mu et al, 1999), detection 
of chromosomal aberrations in squamous cancer by FISH (Veltman et al, 1997), 
characterization of Ewing's sarcoma by reverse transcriptase polymerase chain reaction on 
archival cytologic samples (Schlott et al, 1997), and detection of loss of heterozygote in breast 
aspirates (Chuaqui et al, 1996). 

MORPHOLOGIC CHARACTERISTICS OF CANCER CELLS 

Identification of cancer cells by a light microscopic examination is an accepted means of cancer 
diagnosis, with certain limitations. The limitations may occur under two sets of 
circumstances. On the one hand, self-limiting, hence, benign, proliferative or reparative 
processes may occasionally mimic cancer (see Chap. 6 and Fig. 6-10); on the other hand, 
cancer cells may not differ sufficiently from normal cells of the same origin for secure 
microscopic identification. Both of these sources of error are avoidable, to a certain extent, 
by experience and by knowledge of the clinical history. However, there are few experienced 
observers who will not have recorded their occasional diagnostic failure and mistakes. 

Although it is very tempting to consider identification of cancer cells as a science, the truth is 
that it is still largely an art, which is based on visual experiences that are recorded by the 
human memory in a manner that defies our current understanding. Cancer cells, like normal 
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cells, are composed of a nucleus and a cytoplasm. The nucleus contains DNAand is 
therefore responsible for the replication of the genetic material and other events governed by 
DNA(see Chap. 3). As shown by electron microscopy, the cytoplasm of cancer cells contains all 
of the organelles necessary for energy production and other cell functions. Thus, cancer cells 
are endowed with all the necessary components to sustain life and, to some extent, 
preserve the genetic characteristics of the tissue of origin. 

The principal morphologic differences between benign cells and cancer cells are shown 
schematically in Figure 7-8 and are summarized in Table 7-3. The differences are based on cell 
size and configuration, interrelationship of cells, cell membrane, characteristics of the 
nucleus, and mitotic activity. These will be discussed in sequence. 

The Cytoplasm 
Cell Size 

The size of cancer cells usually differs from normal cells of the same origin. However, 
physiologic variability in cell sizes also occurs in benign tissues. This is particularly 
evident in epithelial tissues, such as squamous epithelium, wherein component cells may 
undergo substantial size 



changes during normal maturation (see Fig. 5-4). Cancer cells vary in size beyond the 
limits usually associated with physiologic variation. Extreme size changes may be 
occasionally recorded; very large, sometimes multinucleated giant cells and very small cancer 
cells may occur. More importantly, a population of cancer cells is rarely made up of cells of 
equal size. The cancer cells usually vary in size among themselves (anisocytosis) (Fig. 
7-9). These differences may be enhanced in air-dried smears stained with hematologic stains 
(Fig. 7-9D). However, cell size alone is not a sufficient criterion for the diagnosis of 
cancer in the absence of nuclear abnormalities. 



(ERGASTROPLASM) 

Figure 7-8 Schematic representation of the principal differences between a 
hypothetical benign cell (left) and a malignant cell (right). The differences, detailed in 
Table 7-3, pertain to cell configuration; nuclear size, shade, and texture; nucleolar size and 
shape; and the cell-to-cell relationship. The last is symbolized by the desmosome present 
on the benign cell and absent on the malignant cell to emphasize the reduced 
adhesiveness among cancer cells. 
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TABLE 7-3 PRINCIPAL MORPHOLOGIC DIFFERENCES BETWEEN NORMAL CELLS 

AND CANCER CELLS 



Benign Cells Cancer Cells 



Cell size 


Variable within physiologic 
limits 


Variable beyond 
physiologic limits 


Cell shape 


Variable within physiologic 
limits and depends on 
tissue type 


Abnormal shapes 
frequent 


Nuclear size 


Variable within limits of cell 
cycle 


Significant variability 
(anisonucleosis) 


Nucleocytoplasmic ratio 


Variable within physiologic 
limits 


Commonly altered in 
favor of nucleus 


Nuclear shape 


Generally spherical, oval, 
or kidney-shaped 


Aberrations of shape 
and configuration 


Chromatin texture 
(nondividing nucleus) 


Finely granular texture, 
“transparent” 


Coarsely granular 
texture, “opaque” 


Hyperchromasia 


Rare 


Common 


Multinucleation 


Not characteristic 


Not characteristic 


Nucleoli 


Small, regular in shape, 
limited in number 


Enlarged, of irregular 
configuration, increased 
in number 


Nucleolini 


Small and of constant size 


Enlarged and of variable 
sizes 


Adhesiveness 


Excellent (except in lymph 
nodes, spleen, bone 
marrow) 


Poor 


Cell junctions 


According to tissue type 


No conclusive evidence 
of abnormalities 


Growth pattern in culture 


Contact inhibition 


No contact inhibition 


Number of cell generations 


±50 


Unlimited 
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in culture 



Effects of lectins 


k 

Not agglutinable 


Agglutinable 


Ultrastructure of cell 
surface in scanning 
electron microscope 


Ridges, ruffles and blebs 

(microvilli in specific sites 

* 

only) 


Microvilli of variable 
configuration on the 

entire surface f 


Mitotic rate 


As needed for 


Elevated 




k 

replacement 




Mitoses 


k 

Bipolar 


Aberrant forms 


Placement of mitoses in 
epithelium 


k 

Basal layer only 


Not confined to basal 
layer 


Cell cycle duration 


16-22 hr 


Normal or longer 



* 

For exceptions, see text. 

In effusions and other fluids. Configuration still unknown in many situations. 



Very little is known about the biologic events regulating cell size. It is perhaps of interest that 
deficiency in vitamin B-|2, which affects the synthesis of DNAby a complex mechanism, may 
result in cell gigantism (see Chap. 10). It may 
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be inferred, therefore, that the abnormal sizes of cancer cells are the result of DNA 
abnormalities of a yet unknown nature. 
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Figure 7-9 Variable sizes and configuration of cancer cells and their nuclei. A Small 
cell (oat cell) carcinoma of lung, bronchial brush smear. B. Large cells. Adenocarcinoma of 
lung, needle aspiration biopsy (FNA). C. Gastric carcinoma, metastatic to vertebra, 
aspirated sample. Note the variability of cell and nuclear sizes and shapes. D. Mesodermal 
mixed tumor, ascitic fluid. Note bizarre, multinucleated giant cancer cells, next to smaller 
cells; the features are enhanced in this air-dried Diff-Quik-stained smear. 



Cell Configuration 

Unusual, abnormal cell shapes may be observed in cancer cells, especially in 
advanced cancer (Fig. 7-9C), although cancer cell configuration may mimic, sometimes in a 
grotesque fashion, normal cells of the same origin. The configuration of cancer cells does not 
necessarily depend on the physical relationship of cancer cells to each other or to the 
supporting connective tissue, as had been claimed. For example, bizarre configuration may be 
observed in human cancer cells growing freely in effusions (see Chap. 26). 

It must be added, however, that bizarre configuration of cells may also be observed in 
benign processes, particularly those associated with rapid proliferation of cells of either 
connective tissue or epithelial origin. Therefore, once again, nuclear and clinical features 
must be considered before rendering the diagnosis of cancer. There has been no substantial 
research on the factors governing cell shapes in cancer. It is likely that the configuration of 
cancer cells is encoded in the nuclear DNA and translated by RNA governing the formation of 
structural proteins. 



Cell Adhesiveness 

One of the principal traits of cancer cells is their poor adhesiveness to each other. 

Thus, in smears prepared from an aspirated sample of a malignant tumor, the abundant cancer 
cells may appear singly or in loosely structured aggregates, whereas this phenomenon cannot 
be fully appreciated in the corresponding histologic preparation (Fig. 7-10). Also, a smear from 
the corresponding benign tissue will yield cells mainly arranged in tightly fitting, orderly clusters, 
wherein the cell borders can be often identified (see Fig. 7-2). 

There are some differences in the adhesiveness of cells of various tumor types. 

Generally speaking, cancer cells of epithelial origin tend to form clusters and aggregates, 

even when allowed to proliferate freely (Fig. 7-1 OB). Poor adhesiveness is more evident in 
anaplastic, poorly differentiated tumors than in well differentiated tumors. On the other hand, 
the cells of most nonepithelial tumors, particularly malignant lymphomas and sarcomas, 
rarely, if ever, form clusters and tend to remain single (Fig. 7-11). 
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Figure 7-10 Poor adhesiveness of cancer cells. A Aspirate of mammary carcinoma. 
The cancer cells are dispersed. B. Aspirate of pulmonary adenocarcinoma. The cell cluster 
is loosely structured. (A: Pap stain; B: May-Grunwald-Giemsa stain.) 



The original observations pertaining to decreased adhesiveness of cancer cells were made 
by Coman (1944) who measured with a micromanipulator the force required to separate cells of 
squamous carcinoma and found it to be significantly lower when compared with normal 
squamous epithelium. Using a different technique, McCutcheon et al (1948) made similar 
observations on cells of adenocarcinomas of various origins. The causes of poor adhesiveness 
of cancer cells are not well understood. Coman (1961) pointed out that calcium played a major 
role because its removal diminished the adhesiveness. The possible deficiencies in cell-to- 
cell attachments and junctions were studied, using a variety of techniques. Normal tissues 
have an elaborate apparatus of cell attachments (e.g., junctional complexes, gap junctions, 
desmosomes, and hemidesmosomes) holding the cells together (see Chap. 2). All of these 
organelles have also been observed in cancer, both human and experimental. For example, 
Lavin and Koss (1971) showed that cultured cancer cells are capable of forming 
morphologically normal desmosomes. In searching for qualitative and quantitative differences in 
cell junctions between normal urothelium and urothelial cancer, Weinstein et al (1976) could 
find none and stated that in cancer “there is neither concrete nor compelling circumstantial 
evidence which supports the popular notion that junctional defects contribute to those 
properties which are the hallmarks of malignant growth, namely, invasiveness and the ability to 
metastasize.” This view was confirmed in a subsequent review by Weinstein and Paul (1981). 




Figure 7-11 Dispersed cancer cells. A Malignant lymphoma. Note mitosis and prominent 
nucleoli. B. Rhabdomyosarcoma. Note bizarre cell shapes and cells with eosinophilic 
cytoplasm, characteristic of this tumor. 



Molecular biologic investigations, summarized earlier, strongly suggest that alterations of 
adhesion molecules may be the cause of poor adhesiveness of cancer cells. As has 
been stated, there is evidence that oncogenes and modified tumor suppressor genes interact 
with the adhesion molecules. This research is still in early stages. It has been repeatedly shown 
that an overexpression of adhesion signaling molecules (focal adhesion kinase) is associated 
with malignant transformation (Oktay et al, 2003). 



From a practical point of view, poor adhesiveness of cancer cells gives a distinct 
advantage to some techniques of cell sampling. Aspiration of a cancer, whether human or 
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experimental, by means of a needle and syringe, will usually yield abundant cells, compared 
with normal tissue of similar origin. The only exceptions to this rule are normal 



lymphoid organs, the spleen, and the bone marrow, which yield abundant cells also in the 
absence of cancer. Scraping of cancers located on the surface of organs may yield abundant 
free cancer cells. Cancers may spontaneously shed (exfoliate) cells into adjacent body cavities. 

Cell Membranes 

The interrelationship of cancer cells may also depend on cell membranes. The first 
objective evidence that the membrane of cancer cells may differ from that of normal cells was 
based on the observation of patterns of cell growth in tissue culture. When normal 
(diploid or euploid) cells are grown on hard surfaces, such as glass or plastic, they show 
contact inhibition, or stop growing when their borders contact each other. After the initiation of 
a tissue culture from a fragment of tissue or a cluster of cultured cells, the cells multiply actively 
and migrate away from the inoculum. This migration takes place because of an undulating 
movement of cell membranes. The cell migration stops once the cell membranes come in 
contact with each other in the state of confluent monolayer. Simultaneously, the undulations of 
the cell membranes cease, the mitotic rate drops precipitously, and the synthesis of DNA, RNA 
decrease sharply. Although contact inhibition can be manipulated by various experimental 
means, it generally characterizes benign cells in culture. 

In contrast, cancer cells grown on glass or plastic surfaces do not show contact 
inhibition. Their growth does not stop when a confluent monolayer is formed and the cells form 
multilayered accumulations (piling up) (Fig. 7-12). Ambrose (1968) pointed out that malignant 
cells are also capable of changing the direction of their movements more frequently than normal 
cells. Contact inhibition may be lifted when benign cells are transformed in vitro into malignant 
cells by viral or chemical agents. 

The precise mechanisms of the differences in the behavior of normal and cancer cells in vitro 
remain to be elucidated. However, it is virtually certain that these behavior patterns are 
governed by adhesion molecules and growth factors, as has been shown by Segall et al (1996) 
in reference to cultured cells of rat mammary carcinoma. 
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Figure 7-12 A Growth pattern of BHK-21 benign fibroblasts growing on a glass or smooth 
cellulose acetate surface. B. Growth pattern of PPY polyoma-transformed (malignant) cells 
on glass (rough or smooth) or cellulose acetate (rough or smooth). Note overlapping of cell 
processes. (Ambrose EJ. The surface properties of mammalian cells in culture. In The 
Proliferation and Spread of Neoplastic Cells. Baltimore, Williams & Wilkins, 1968, pp 23- 
37.) 



Figure 7-13 Schematic representation of effect of lectins on benign (top) and 
malignant cells (see text). 



Besides behavior in culture, there are other observations that point out fundamental differences 
in membrane structure between benign and malignant cells. For example, there are significant 
differences in the effects of various substances of plant origin, known as lectins, such as 
wheat germ agglutinin (WGA) and concanavalin A(ConA), on the membranes of various benign 
and virus-transformed cells in culture. The general effect of lectins can be summarized as 
follows: (1) dispersed benign cells are not agglutinated by lectins and remain in 
suspension, and (2) malignant cells of similar origin are agglutinated by lectins and form 
clumps (Fig. 7-13). The agglutinability of benign cells may be briefly enhanced by the action of 
proteolytic enzymes. Also, the benign cells are agglutinable during the mitotic cycle, except the 
prophase. Some embryonal cells, although normal, are also agglutinable by lectins. It appears 
logical that the differences are based on the presence of agglutination 



BENIGN CELLS 




MALIGNANT CELLS 
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sites (receptors) on the cell surface. These sites are exposed on the surface of malignant cells 
and are hidden on the surface of benign cells (Ben-Basset et al, 1971 ; Inbar et al, 1972). It must 
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be noted that certain lectins, such as phytohemagglutinin and concanavalin A stimulate 
proliferation of T lymphocytes, with resulting formation of large, immature cells (blasts) that 
are capable of mitotic division. This function may also reflect the presence of appropriate 
receptors on the surface of the cells. 

Although the biochemical and biophysical differences between membranes of benign and 
malignant cells require further elucidation, certain fundamental structural differences have been 
discovered by electron microscopy. 

Scanning and transmission electron microscopic studies of benign and malignant human cells 
in some tissues and in cancer cells suspended in effusions or in urine, disclosed major 
differences in cell surface configuration. In general, the surfaces of benign cells, such as 
squamous cells, lymphocytes, macrophages, or mesothelial cells, display either 
ridges, blebs, or uniform microvilli. The surfaces of most (but not all) malignant cells of 
epithelial origin (carcinomas) are covered with microvilli of variable sizes and 
configuration (Fig. 7-14AB). One notable exception is the oat cell carcinoma of lung origin, 
wherein the surfaces of cancer cells are smooth. The microvilli on the surfaces of benign cells 
differ from microvilli observed on surfaces of cancer cells. In benign epithelial cells of 
glandular origin, the microvilli are polarized (i.e., confined to one aspect of the normal cell, 
usually that facing the lumen of a gland or organ) and are of uniform and monotonous 
configuration. The microvilli of epithelial cancer cells cover the entire cell surface, vary 
in size and length, sometimes forming clumps of very long microvilli. In some tumors, notably 
carcinomatous mesothelioma, tufts of long microvilli characterize the malignant cells. The 
microvilli on the surface of some cancer cells may be seen under the light microscope and are 
helpful in recognizing cancer cells (see Chaps. 26 and 27). The mechanisms of formation of 
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microvilli have not been investigated so far. For the same reason, the relationship of microvilli 
on the surfaces of cancer cells to their agglutinability with lectins is not clear. Possibly, the two 
phenomena are connected in a manner that remains to be elucidated. 
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Figure 7-14 A Scanning electron micrograph of a breast cancer cell in effusion. 

The surface is covered by innumerable microvilli of variable length and configuration. B. 
Transmission electron micrograph of the surface of a cancer cell of ovarian origin, in 
effusion. Note the innumerable microvilli of various lengths, thicknesses, and 
configurations. (A ><4,600; B : *25,000.) Domagala W, Koss LG. Configuration of 
surfaces of human cancer cells in effusions. Virchows Arch 26:27-42, 1977. B: Courtesy of 
Dr. W. Domagala.) 



The Nucleus 

Nuclear abnormalities are the dominant morphologic feature of cancer cells that allow 
their recognition in microscopic preparations. The key changes observed are: 

■ Nuclear enlargement, particularly in reference to the area of the cytoplasm [altered 
nucleocytoplasmic (N/C) ratio] in favor of the nucleus 

■ Irregularity of the nuclear configuration and contour 

■ Altered nuclear texture; hyperchromasia and coarse granulation of chromatin 

■ Abnormalities of sex chromatin in females 

■ Changes in nuclear membrane 
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■ Nucleolar abnormalities 

■ Abnormalities of cell cycle and mitoses 

■ Special features observed in some tumors 
These abnormalities will be discussed in sequence. 

Size 

The size and, hence, the area of the nucleus in smear and other cytologic preparations 
depends on DNA content. The relationship is not linear. For example, the doubling of the 
amount of DNA that occurs during the S-phase of the normal cell cycle results in doubling 
of the nuclear volume, however, the nuclear diameter increases by only 40%, a 

calculation based on principles of geometry. Because the nucleus in smears is flattened on the 
surface of the glass slide, the nuclear diameter, corresponding approximately to the largest 
cross section of the nucleus, is the dominant feature observed under the microscope. 

In a normal cycling population of cells, some variability in the nuclear sizes will be 
observed, with larger nuclei representing cells in S, G2 phases of the cell cycle. However, 
under normal circumstances, the proportion of cycling normal cells is small, rarely surpassing 
1% to 2%. In most, but not all, populations of malignant cells, nuclear enlargement is a 
common feature, often encompassing a large proportion of cancer cells. Because the 
cytoplasm of such cells is often of approximately normal size, the area of the nucleus is 
disproportionately enlarged, resulting in an increase of the nucleocytoplasmic (N/C) ratio. 

Because the increase in the nuclear size usually reflects an increase in the amount of DNA in 
malignant tumors with approximately normal DNA content, the nuclear enlargement may not be 
evident but other nuclear abnormalities, discussed below, may be observed. 

The amount of DNA in nuclei can be measured by techniques of image cytometry or flow 
cytometry (see Chaps. 46 and 47). These techniques show that in many, but not all, cancer 
cells there is an increase in the amount of DNA However, because of heterogeneity of 
cancer cells in many cancers, the amount of DNA varies from one cancer cell to 
another, although it can be increased in many cells; some cells may have the normal (diploid) 
or even subnormal amounts of DNA Consequently, the size of cancer cell nuclei within 
the same cancer often varies, a phenomenon named anisonucleoisis (nonequal 
nuclei), and this feature is also common in cancer (see Fig. 7-9B-D). 

Because heterogeneity or the variability of size of cancer cell nuclei would make a 
characterization of any given cancer nearly impossible, the concept of DNA ploidy was 
established, based on the DNA content in the dominant population of cancer cells in a 
given cancer and disregarding the deviant DNA values. The concept is based on 
comparison of normal amount of DNA (diploid or euploid cells) with the DNA content in the 
dominant population of cancer cells. In some cancers, the DNA ploidy of cancer cells may be 
equal to normal (diploid tumors). When the DNA content deviates from normal, the tumors are 
aneuploid. Aneuploid tumors may have a DNA content below normal (hypodiploid aneuploid 
tumors), or above normal (hyperdiploid aneuploid tumors). Several groups may be 
recognized among aneuploid tumors, for example, when the dominant DNA content is one and a 
half times higher than normal, the tumors are classified as triploid; when it is twice the normal, 
the tumors are classified as tetraploid. Various other deviations from normal may occur that are 
neither triploid nor tetraploid (Fig. 7-15). The DNA ploidy of a tumor ora given cell population is 
often expressed as DNA index, expressing the ratio between the ploidy of the tumor cell 
population compared with the normal index of one. Thus, the DNA index of a tetraploid 
tumor, which has twice the amount of DNA is 2.0 and that of a triploid tumor 1 .5 (see Chap. 
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47). 

If the increase in the diameter of the nucleus represents an increase in the amount of 
nuclear DNA, it also indicates an increase in the number of chromosomes. The number of 
chromosomes in cells is determined in spreads of metaphases. The total number of 
chromosomes is often increased in cancer cells. Not all chromosomes are affected, some 
chromosomes may retain their normal number and configuration, whereas others may show 
numerical and morphologic abnormalities (see Chap. 4). There is a fairly good concordance 
between the DNA content and the number of chromosomes per cell. However, once again to 
reflect the heterogeneity of cancer cells, the term stem line, rather than ploidy, is used in the 
classification of human tumors based on cytogenetic findings. Again, the stem line designates 
the dominant cell population with an approximately constant number of chromosomes. The stem 
line may be diploid or euploid (corresponding to 46 chromosomes), or aneuploid, 
corresponding to abnormalities in the number of chromosomes. Thus, one can 
recognize triploid tumors, corresponding to 69 chromosomes, tetraploid tumors (92 
chromosomes), or tumors with variable deviations from normal, in keeping with the terminology 
of DNA ploidy. It is evident from this information that the size of the cancer cell nucleus in 
smears depends, to a large extent, on the number of chromosomes or tumor stem 
line. This was documented many years ago in a study conducted by Miles and Koss (1966). 

The aggregate length of all chromosomes 
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was measured in cells of several cultured cell lines and compared with the sizes of the nuclei 
(Fig. 7-16). Adiploid embryonal rhabdomyosarcoma with 46 chromosomes (Fig. 7-16AB) had 
small, bland nuclei. Cultured cells from several epidermoid carcinomas, with stem lines between 
59 and 70 chromosomes, show larger nuclei (Fig. 7-16D-F). A malignant melanoma, with a stem 
line of 123 chromosomes (Fig. 7-1 6G), shows the largest nuclei. In Figure 7-16 panels C 
through G, abnormalities of nuclear chromatin are also observed (see below). 
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[ Log scale ] 

Figure 7-15 Dominant DNAploidy values, as determined by Feuglen 
spectrophotometry, of 111 carcinomas of the corpus uteri {top), 392 squamous cell 
carcinomas of the cervix uteri {middle), and 85 carcinomas of the large bowel {bottom). D 
and T signify diploid and tetraploid DNA levels, respectively. It may be noted that for all 
three cancer sites the dominant modal DNA content is predominantly aneuploid although 
some cancers are diploid, and a few are tetraploid. (Atkin NB. Cytogenetic studies on 
human tumors and premalignant lesions: The emergence of aneuploid cell lines and their 
relationship to the process of malignant transformation in man. In Genetic Concepts and 
Neoplasia. Baltimore, Williams & Wilkins, 1970, pp 30-56.) 



Another approach to document numerical or functional abnormalities of chromosomes in 
individual cancer cells is the technique of in situ hybridization, based on biotinylated (and 
hence visible in light microscopy) or fluorescent specific probes to entire chromosomes, or to 
chromosomal segments, such as centromeres, or to individual genes. The principles of the 
technique were discussed in Chapter 4. The technique examines interphase nuclei and, thus, 
may be applied to any population of cells. The basic assumption of the technique is that, in 
normal cells, there are two homologues of each chromosome. The presence of more than two 
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signals indicates a chromosomal abnormality that, for all intents and purposes, is diagnostic of 
cancer, unless the patient has a congenital abnormality in chromosomal numbers, such as 
trisomy of chromosome 21 . The technique has been used as a diagnostic tool to document the 
presence of chromosomal abnormalities in cells from different body sites, such as effusions, 
bladder washings, and material from aspiration biopsies (Cajulis et al, 1993, 1997). With the 
development of new probes, the technique can be applied to the search for aberrant genes, 
translocations, etc. (summaries in Glassman, 1998; Luke and Shepelsky, 1998). Examples of 
this technique are shown in Chapters 4 and 23. 

As previously discussed and in Chapter 4, besides numerical abnormalities, the 
chromosomes in cancer cells may show a variety of other changes, such as 
translocations and marker chromosomes. 

It is evident from the earlier discussion that nuclear size alone may be helpful in the 
diagnosis of malignant tumors with elevated DNAor chromosomal content but will fail 
in the recognition of tumors with normal or nearnormal DNA content (diploid or near- 
diploid tumors). If the changes in nuclear size are subtle, the microscopist should always 
compare the nuclear size of the unknown cell with a microscopic object of known size, 
such as an erythrocyte (7 pm in diameter) or the nucleus of a recognizable benign cell. Subtle 
differences in size are of limited diagnostic help and the search for other nuclear features is 
necessary. 

Irregularities of the Nuclear Configuration and Contour 
The configuration of the nuclei in normal cells usually follows the shape of the 
cytoplasm. Most nuclei, in benign spherical or polygonal epithelial cells, are spherical. In cells 
of columnar shape, the nuclei are usually oval. Nuclei of elongated epithelial cells, fibroblasts, 
or smooth muscle cells are often elongated and sometimes spindle-shaped. Nuclear 
configuration of highly specialized cells probably reflects highly specialized functions. Thus, the 
nuclei of macrophages may be kidney-shaped and those of polymorphonuclear leukocytes and 
megakaryocytes show lobulations. It is not known, at this time, why this is so or what factors 
influence the shape of the nucleus. Hypothetically, it would be logical to assume that nuclear 
configuration and shape are optimal for most efficient nucleocytoplasmic exchanges and, 
hence, cell function in any given cell type. Still, the nuclei of all benign cells have a smooth 
nuclear contour. 

The configuration of the nuclei of cancer cells also generally follows the configuration 
of the cells. Thus, most spherical or polygonal cancer cells have approximately spherical or 
oval nuclei. Elongated or “spindly” cancer cells have elongated nuclei. However, these nuclei 
often show abnormalities of the nuclear contour, best observed in spherical or oval nuclei. 

These abnormalities may be subtle, in the form of small protrusions or notches, in the 
nuclear membrane that may be difficult to observe and may require a careful inspection of the 
target cells (Fig. 7-17). Less often, the nuclei may show fingerlike protrusions that were 
attributed in the very few pertinent studies to the presence of long marker chromosomes (Atkin 
and Baker, 1964; Atkin, 1969; Kovacs, 1982). It must be noted that dense nuclear 
protrusions (“nipples”), possibly an artifact, also occur in certain benign cells, such as 
endocervical cells (see Chap. 8). 
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Figure 7-16 Impression smears of tumors with varying chromosomal numbers. A,B. Same 
tumor, an embryonal rhabdomyosarcoma with 46 chromosomes and a normal karyotype. C. 
A soft part sarcoma, 47 chromosomes. D-F. Epidermoid carcinomas with stemlines of 59, 
66-67, and 70 chromosomes, respectively. G. Represents a malignant melanoma with 
stemline of 123 chromosomes. Note that the diploid tumor ( A,B ) exhibit small, relatively 
bland nuclei. All of the aneuploid tumors, even the one (C) with one extra chromosome, 
exhibit large hyperchromatic pleomorphic nuclei. (All oil immersion.) (Miles CP, Koss LG. 
Diagnostic traits of interphase human cancer cells with known chromosome patters. Acta 
Cytol 10:21-25, 1996.) 
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Figure 7-17 Abnormalities of the nucleus in cancer cells. A. Aspirate of pancreatic 
carcinoma. B. Aspirate of neuroblastoma. C,D. Urothelial carcinoma. Coarse granulation of 
chromatin and subtle abnormalities of nuclear contour (notches and protrusions) may be 
observed in all photographs. (Pap stain; A high magnification; B-D: oil immersion.) 



In elongated cancer cells and most nonepithelial cells with elongated nuclei, the abnormalities 
of the nuclear contour are more difficult to recognize, although sometimes spinelike protrusions 
may be observed at one pole. In bizarre cancer cells that are sometimes multinucleated, bizarre 
configuration of nuclei may be observed (see Fig. 7-9D). 

The abnormalities of the nuclear configuration and contour, particularly when 
associated with nuclear enlargement and an increase in the nucleocytoplasmic ratio, 
raise a high level of suspicion for the diagnosis of cancer and are usually associated 
with other stigmata of cancer cells. 

Several observers attempted to correlate the configuration of nuclei of human tumors in 
histologic sections with behavior and prognosis (Miller et al, 1988; Borland et al, 1993). The 
observations reported may reflect a fixation artifact and, more remotely, the chromosomal 
makeup of the tumors studied. 

Nuclear Texture: Hyperchromasia and Coarse Granulation of Chromatin 
Dark staining of interphase nuclei of cancer cells with appropriated dyes, such as hematoxylin 
or acetic orcein, is known as hyperchromasia. Hyperchromasia is usually associated with 
changes in configuration of nuclear chromatin, which shows coarse granulation and 
may be associated with a thickening of the nuclear membrane (Fig. 7-17). By contrast, 
normal fixed and stained nuclei have a transparent nucleoplasm, with a fine network of 
filaments of constitutive chromatin, which forms small dense granules known as 
chromocenters. In females, the sex chromatin body (Barr body), representing facultative 
chromatin, may be observed as a dense, semicircular structure attached to the nuclear 
membrane (see Chaps. 2 and 4). 

Tolies et al (1961) documented objectively the presence of hyperchromasia in cancer cells from 
the uterine cervix by measuring the extinction coefficients. Several studies based on 
computerized image analysis also documented that the changes in nuclear texture are an 
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objective parameter separating cancer cells from normal cells of the same origin (see Chap. 

46). The reasons for coarse granulation of chromatin are essentially unknown and have not 
received any attention from molecular biologists. Afew speculative 
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thoughts can be offered. There is evidence that the condensed DNAof some cancer cells 
has a lower melting point than DNAof normal cells. In other words, the two chains of DNA 
in cancer cells are easier to separate than the two chains of normal DNA(Darzynkiewicz et al, 

1987). The issue has been studied further by Darzynkiewicz and his associates (1987) who 
suggested that the condensation of chromatin is associated with structural nuclear proteins. 

Atkin (1969) spoke of “telophase pattern” of chromatin in cancer cells, suggesting similarities 
in the distribution of coarsely granular DNA in cancer cells with chromatin distribution in normal 
telophase. Another analogy may be offered with condensation of chromosomes in prophase of 
mitosis. However, neither analogy corresponds to the reality because only a small fraction of 
cancer cells displaying hyperchromasia are undergoing mitosis. The only reasonable 
conclusion that is permissible, at this time, is that the DNA in cancer cells has undergone 
significant structural changes of unknown nature that accounts for hyperchromasia and 
coarse granulation of chromatin. Stein et al (2000) proposed that the abnormalities of nuclear 
structure in cancer reflect altered gene expression. However, the mechanisms and function of 
these changes are enigmatic. Gisselsson et al (2000, 2001) attributed the nuclear abnormalities 
to chromosomal breakage and fusion of fragments (breakage fusion bridges). The 
concept is interesting and warrants further exploration but fails to explain the coarse granularity 
of chromatin so common in the nuclei of cancer cells. 

It must also be stressed that hyperchromasia and coarse granularity of chromatin may 
be absent in cancer cells. Numerous examples of invasive cancer of various organs have 
been observed wherein nuclei of cancer cells are enlarged but completely bland and 
transparent. In some of these cells, enlarged nucleoli can be observed. These abnormalities 
are most often observed in clusters of cells with generally abnormal configuration and are 
usually accompanied elsewhere by more conventional cancer cell abnormalities. Thus, the 
finding of cell clusters with large bland nuclei is, a priori, abnormal and should lead to 
further search for evidence of cancer. 

It must also be stressed that nuclear enlargement and hyperchromasia may occur in 
normal organs, such as the embryonal adrenal cortex and endocrine organs, for example, the 
acini of the thyroid gland (see Chap. 30). Thus, the provenance of the material is of capital 
significance in assessing the value of the microscopic observations. 

Abnormalities of Sex Chromatin in Females 

Sex chromatin body (Barr body) represents the inactive X chromosome in female cells (see 
Chap. 4). The formula pertaining to the number of Barr bodies visible on the nuclear membrane, 
is X minus 1 , X representing the total number of X chromosomes in a cell. Thus, a patient with 3 
X chromosomes will have two Barr bodies. Because the naturally occurring excess of X 
chromosomes is exceedingly rare, the presence of two or more sex chromatin bodies in a 
nucleus is clear evidence of genetic abnormality that may be observed in cancer cells 
(Fig. 7-18). The finding is particularly helpful in situations where other nuclear stigmata of 
cancer are not clearly evident and may have prognostic significance in mammary carcinoma 
(see Chap. 29). We found it to be of particular value in identifying cells of mammary carcinoma 
in effusions and in recognizing cancerous changes in cervicovaginal smears (see Chaps. 11 
and 26). 
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Figure 7-18 Breast cancer cell with two sex chromatin bodies (arrow). For further 
examples, see Chapters 26 and 29. (Orcein stain; oil immersion.) 




Abnormalities of Nuclear Membrane 

It has been previously mentioned that in many cancer cells displaying coarse granularity of 
chromatin, the nuclear membrane appears thickened. On close scrutiny, the thickness of 
the nuclear membrane is variable and irregular. It is not known whether this optical feature of a 
cancer cell nucleus, which is sometimes of diagnostic value, represents an actual physical 
change in the structure of the nuclear membrane or merely a deposition of chromatin 
granules (or modified chromosomes) along the nuclear envelope. Electron micrographs 
of cancer cells strongly suggest that deposition of chromatin (and hence chromosomes) on the 
nuclear membrane is the more likely explanation of this phenomenon. 

Another feature of cancer cells is the increase in the number of nuclear pores (Czerniak et 
al, 1984). Although this observation has no practical value because the freeze-fracture 
techniques required are too cumbersome for a clinical laboratory, the observations have some 
bearing on understanding the metabolic processes in cancer. The Czerniak study, which was 
based on cells of urothelial tumors, disclosed a relationship between DNAploidy and the 
density of the nuclear pores; the pore density was higher in tumors with increased amounts 
of DNA(and hence the number of chromosomes). On the other hand, the density of the pores 
in reference to the nuclear volume remained approximately constant. Because the nuclear 
pores represent a link between the nucleus and the cytoplasm, the observation suggests that 
the increased exchanges between the nucleus and the cytoplasm take place in cancer cells. As 
has been discussed in Chapter 2, the observation supports the 
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hypothesis that the formation of nuclear pores is closely related to organization of 
chromosomes in the nucleus. Further studies of this observation are clearly indicated (Koss, 

1998). 

Muitinucieation in Cancer Cells 

Cancer cells with two or more nuclei are fairly common. In some cells, such as the Reed- 
Sternberg cells in Hodgkin's disease, the finding of the specific arrangement and configuration 
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of the nuclei is of great diagnostic significance (see Chap. 31 ). However, in other tumors, the 
phenomenon is fairly common and of little diagnostic significance. It must be recognized that 

multinucleation is a common phenomenon that may occur in benign and in malignant 
cells and, therefore, is of no diagnostic value, unless the configuration or arrangement 
of the nuclei is specific for a disease process. 

Other Nuclear Changes in Cancer Cells 

In some malignant tumors, nonspecific nuclear abnormalities may occur that may be of 
diagnostic help. For example, in some thyroid carcinomas, malignant melanomas, and 
occasionally other cancers, cytoplasmic intranuclear inclusions appear as clear areas 
within the nucleus (nuclear cytoplasmic invaginations, Orphan Annie nuclei) (Fig. 7-19A). 

In electron microscopy, the clear zones contain areas of cytoplasm with cytoplasmic organelles, 
such as mitochondria (see Fig. 6-6). Nothing is known about the mechanism causing this 
nuclear abnormality, which, incidentally, can also occur in some benign cells, such as 
hepatocytes and ciliated bronchial cells. Another nuclear abnormality is nuclear “creases,” 

“grooves,” or folds (Fig. 7-1 9B). The changes may appear as dark, thin lines within the 
nucleus or as linear densities with numerous short lateral processes, sometimes referred to as 
“caterpillar nuclei” or Anitschkow cells. These nuclear features have been observed in a 
variety of normal cells, such as squamous cells of the oral cavity, cornea, or uterine cervix, 
and in mesothelial cells (see appropriate chapters for further comments). Deligeorgi-Politi 
(1987) observed numerous nuclear grooves in aspirated cells of thyroid carcinomas, an 
observation that has been confirmed many times. Subsequently, such nuclear changes have 
been observed in many different benign and malignant tumors, such as granulosa cell tumors of 
the ovary (Ehya and Lang, 1986) and ependymomas (Craver and McGarry, 1994), to name a 
few. In some tumors and conditions discussed throughout this book, the grooves are particularly 
numerous and their presence may be of diagnostic help (review in Ng and Collins, 1997). 

However, these nuclear changes should never be considered as diagnostic of any entity 
as concluded by Tahlan and Dey (2001). 



Figure 7-19 Intranuclear cytoplasmic inclusions (nuclear “holes”) and nuclear 
grooves or creases. A Intranuclear cytoplasmic inclusions. Note the sharp borders of the 
clear intranuclear space. Metastatic malignant melanoma to liver. B. Smear of a Hurthle cell 
tumor of thyroid. Nuclear folds or creases are seen as a diagonal line (arrow). (A Oil 
immersion; B : high magnification.) 



Nucleolar Abnormalities 



A 




B 
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Nucleolar abnormalities are an important feature of cancer cells. The nucleoli are 
characterized by their eosinophilic center, surrounded by a border of nucleolus-associated 
chromatin (see Chap. 2). The number and size of nucleoli in cancer cells is often 
increased and their configuration may be abnormal. Very large nucleoli (5 to 7 pm in 
diameter, macronucleoli) are, for all practical purposes, diagnostic of cancer (Fig. 7-20). 

Oddly, comma-shaped nucleoli, that the late John Frost called “cookie-cutter nucleoli,” 
are fairly common in cancer cells. The reasons for this abnormality are unknown. The 
abnormality in the shape of the nucleoli is a valuable diagnostic marker because it is 
rarely observed in repair reactions wherein the number and size of nucleoli can be 
substantially increased. 

It may be recalled that, in normal cells, nucleolus-organizing foci are found on terminal portions 
of chromosomes 13, 14, 15, 21, and 22, resulting in formation of up to 10 small nucleoli. Shortly 
after mitosis, the nucleoli merge to form usually one or two somewhat larger nucleoli. Because 
the nucleoli are the principal centers of synthesis of nucleic acids, their presence in the 
nuclei of normal cells reflects their protein requirement. Therefore, nearly all growing or 
metabolically active cells carry visible, albeit small nucleoli. However, during regeneration of 
normal tissues (socalled repair reaction), when the need for cell 
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growth and, hence, protein synthesis is great, large, and sometimes multiple, nucleoli 
may be present. 



>>’•*; r 




Figure 7-20 Nucleoli in cancer cells. A. Huge nucleolus of somewhat irregular shape in 
a cell of a malignant melanoma. B. Large, irregularly shaped and multiple nucleoli in cells 
of a spindle- and giant cell carcinoma of lung. C. Large, irregular nucleoli in a poorly 
differentiated tumor of anterior mediastinum. Cells of a metastatic gastric cancer. D. Large 
cancer cells of signet ring type are accompanied by smaller macrophages and still smaller 
leukocytes in pleural effusion. (A Oil immersion.) 



Although abnormalities in the number and size of nucleoli in cancer cells were recorded by 
several observers in the 1930s (Haumeder, 1933; Schairer, 1935), the first objective data on the 
relationship of nucleoli to cancer were provided by Caspersson and Santesson (1942). Using 
ultraviolet spectrophotometry, these authors observed that there was a reciprocal relationship 
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between the size of the nucleoli and the protein content of the cytoplasm of cancer cells. In 
cells located near blood vessels, the cytoplasm was rich in protein and contained small nucleoli 
(Type A cells). In cells distant from the blood vessels, the nucleoli were large and the amount 
of protein in the cytoplasm was small (Type B cells). It is logical that, in cancer cells with rapid 
growth and, therefore, high requirements for proteins, the nucleoli should be large and multiple. 

This was documented objectively by Long and Taylor (1956) in cells of ovarian and 
endometrial cancers. The proportion of cancer cells with multiple nucleoli (up to five 
per cell), particularly in poorly differentiated tumors, was much larger than in benign 
ovarian tumors and the differences were statistically significant. 

The increase in the number of nucleoli in cancer cells may be reflected in an increase in the 
number of the nucleolar organizer sites (NOR). These sites, which are constituted by open 
loops of DNA can be revealed by staining cells with silver salts (AgNOR). After reduction of 
the silver salts to metallic silver the nucleolar organizer sites appear as black dots within the 
nucleus (Goodpasture and Bloom, 1975; review in Ruschaff et al, 1989). The assumption of 
such studies is that the increase in the number of NORs per cell is indicative of a greater 
proliferation potential of the target tissue. In general, cancer cells have a greater number of 
NORs than normal cells of the same origin. The method has been extensively applied to 
aspirated cell samples with questionable results (review in Cardillo, 1992). 

The Nucleolini 

Ultrastructural studies of nucleoli reveal the presence of two components — granular and 
fibrillar. The fibrillar component apparently corresponds to small, round structures 
(nucleolini) that may be observed within the nucleolus with the light microscope after staining 
with toluidine blue molybdate (Love etal, 1973). By the use of this method, it has been shown 
that the nucleolini have a much greater variability in size and distribution 
(anisonucleolinosis) 
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in cancer cells than in benign cells. These observations originally made on cells in tissue 
culture, have been extended to diagnostic human material by Love and Takeda et al (1974) 

(Fig. 7-21). 




Figure 7-21 Nucleolini in a benign mesothelial cell (A) and a cell of metastatic 
adenocarcinoma ( B ) from a pleural fluid stained with toluidine blue molybdate. The small, 
even size of the nucleolini in the benign cell may be compared with the size variability in 
the malignant cell (anisonucleinosis). (Oil immersion.) (Courtesy of Dr. M. Takeda, 
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Cell Cycle and Mitoses 
Cell Cycle 

The principal characteristic of cancer cells is their uninhibited proliferation. Clinically, the rate 
of proliferation of a cancer can be measured as doubling time of tumor volume, using 
either clinical judgment or radiologic data. The doubling time may vary significantly from one 
cancer to another. There are two possible explanations for this phenomenon: (1 ) either the 
duration of the cell cycle is shortened, resulting in more frequent replication of the same cells, 
or (2) the number of cells undergoing mitosis is increased. 

It is commonly and erroneously assumed that the duration of the cell cycle (time 
required for replication of the DNA for the mitosis) is much shorter in cancer cells than in 
normal cells. This is not true. Both in the experimental systems and in humans, the duration 
of the cell cycle in cancer cells is variable, very rarely shorter, and usually very much 
longer than normal. Early studies by Clarkson et al (1965), and by others, documented that, in 
human cancers, cell cycle may be extended from the normal 18 hours to several days. 
Therefore, this mechanism cannot account for rapid growth of some malignant tumors. Rather, 
it is the proportion of cells undergoing mitosis (mitotic rate) that is increased in cancer. 

Mitotic Rate 

It has been observed, in experimental tumors, that the number of cells in mitosis increases 
substantially within hours or days after administration of a carcinogenic agent. Bertalanffy 
(1969) compared mitotic rates in normal, regenerating, and malignant cell populations in 
epidermal cell, mammary gland, and liver parenchyma in rats (Table 7-4). In general, the 
mitotic rate of malignant tumors exceeded significantly the rate for normal tissues of 
origin. However, the mitotic rate of regenerating or stimulated normal tissues (for instance, the 
breast in pregnancy or the regenerating liver after partial hepatectomy) could exceed the mitotic 
rate of cancer. There are, however, some significant differences. The high mitotic rate of 
regenerating or stimulated benign tissues is a temporary phenomenon, followed by a 
return to normal values once the reparative events have taken place or the stimulus has 
ceased. In cancer, the high mitotic rate is usually a sustained phenomenon. In 
proliferating normal tissues, the mitotic rate usually matches the rate of cell loss. The 
mitotic rate in cancer is not offset by an equivalent cell loss. The phenomenon of 
apoptosis, regulating normal cell growth, is reduced in cancer (see Chap. 6). 

Although mitotic counts represent a method of assessing the proliferative potential of tissues 
and cells, the method is generally not reproducible and tedious. Another way to assess the 
proliferative potential of tumors is a determination of the proportion of proliferating cells by 
[3H]thymidine incorporation, the estimation of cells in S-phase of the cycle by flow 
cytometry or image analysis, or by determining the proportion of cells in a tumor expressing 
proliferation cell nuclear antigen (PCNA), or reacting with the antibody Ki67. Measuring 
the incorporation of 5-bromodeoxyuridene (BRDU) and replacing thymine in the DNA 
chain, is yet another way of determining DNA proliferation in cell populations (Gratzner, 1982; 
Rabinovitch et al, 1988). These issues are discussed in Chapters 46 and 47. In general, most 
malignant tumors show an increase in the proportion of proliferating cells when compared with 
normal tissue of the same origin, although there may be serious problems with the techniques 
and the interpretation of results. 



321 / 3276 



Koss' Diagnostic Cytology & Its Histopatho7ogfdjBdae$ei5Stel Eabncepts of Neoplasia: Benign Tumors and Cancer 



P.170 



TABLE 7-4 COMPARISON BETWEEN 6-HOUR MITOTIC RATES OF NORMAL AND 

NEOPLASTIC CELL POPULATIONS 


Cell Population 


Mean 6-hr Percentage of Mitosis 


Epidermis (mouse) 




Normal 




Interfollicular and follicular wall epidermis 


1. 2-2.2 


Hair matrix 


29.8 


Tumors 




Keratoacanthoma 


3.4-6. 5 


Carcinoma 


5.6 


Mammary Gland (rat) 




Normal 




Virgin, lactation, involution 


0.4-0. 7 


Pregnancy 


0.4-4. 4 


Tumors 




Adenocarcinoma 


0.4-8. 4 (Ave. 2.2) 


Liver (rat) 




Normal 


0.02 


Regeneration 


0.7-16.2 


Hepatoma 


1.6-10.8 


These data illustrate that the epidermal and mammary gland cancers proliferate faster 
than the normal cell populations of the same origin. Yet during some physiologic 
activities, the mitotic rate of normal cell populations may increase to exceed those of 
malignant tumors of the same origin (for instance: hair matrix or mammary gland during 
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pregnancy). Similarly, mitotic activities of regenerating liver parenchyma may exceed 
that of a malignant hepatoma. 

(Bertalanffy FD. In Fry R, Griem M, and Kirsten W (eds.). Normal and Malignant Cell 
Growth. New York, Springer, 1969.) 



Abnormal Mitoses 

Mitotic abnormalities have been recognized for many years as a common occurrence in 
malignant tumors. Boveri (1914) attempted to explain malignant growth as a consequence of 
mitotic abnormalities. The causes of mitotic abnormalities are not well understood. 

Causes and Types of Mitotic Abnormalities 

As originally proposed by Stubblefield (1968), it is thought today that the cause of mitotic 
abnormalities are disturbances in the formation of mitotic spindle (Zhou et al, 1998; Duesberg, 

1999; Wilde and Zheng, 1999; Megee and Koshland, 1999; Kahana and Cleveland, 2001; Piel 
et al, 2001). The key to the abnormalities appears to be centrosome formation, which is 
governed by a complex of genes, among which p53 appears to play an important role 
(Fukasawa et al, 1996). 

The mitotic abnormalities may be quantitative, qualitative, or both. The term abnormal 
mitoses refers to mitotic figures with abnormal number or distribution of 
chromosomes or an excessive number of mitotic spindles, hence, more than two mitotic 
poles (multipolar mitoses). The history of identification of mitotic and chromosomal 
abnormalities in cancer was summarized by Koller (1972), who also contributed a great deal of 
original work in this field. The following summary, modified from Koller's work (1972), describes 
the principal abnormalities, illustrated in Fig. 7-22. 

Defects in movement of chromosomes: Stickiness of chromosomes results in clumping or 
formation of metaphase bridges, preventing proper separation during metaphase. 

Nondisjunction: Failure of separation of chromosomes during anaphase results in uneven 
division of the chromosomal complement between the daughter cells. 

Chromosomal lag: Chromosomal lag reflects the failure of some chromosomes to join in the 
movement of chromosomes during ana-, meta-, or telophase. In such cells, some chromosomes 
remain at both poles of the spindle, whereas most chromosomes migrate to form the metaphase 
plate. 

Abnormalities of the mitotic spindle: Such abnormalities result in multipolar mitoses with 
three, four or, rarely, more sets of centromeres (Fig. 7-23A). Perhaps the best known example 
of these abnormalities is the so-called tripolar mitosis (Dustin and Parmentier, 1953), often 
seen in carcinoma in situ of the uterine cervix, but not unique to this disease (Fig. 7-23B). 

Abnormal number of chromosomes: The results of abnormalities of the mitotic spindle are 
either cells with abnormal numbers of chromosomes or gigantic tumor cells with numerous 
nuclei. The numerical abnormalities are more frequent than multipolar mitoses and are 
observed in metaphases of cancer cells. Excessive numbers of chromosomes are readily 
evident in metaphase rosettes and rarely require counting (Fig. 7-23C,D). Although tumor cells 
with an abnormal number of chromosomes may be viable, the fate of the monstrous caricatures 
of cells resulting from abnormal mitoses is uncertain. They probably represent evil-looking, but 
innocuous “gargoyles” of cancer, with no other future but ultimate death. 
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Figure 7-22 Camera lucida drawings of mitotic anomalies in tumor cells, a. Sticky 
chromosomes; b. “bivalent configuration” of chromosomes; c,d. polyploidy tumor cells with 
incomplete multipolar spindles; e. multinucleate cell. ( a,b,c\ Carcinoma cervix; d,e: 
carcinoma of skin. Koller PE. The Role of Chromosomes in Cancer Biology. New York, 
Springer, 1972.) 
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Figure 7-23 Mitotic abnormalities in cancer cells. A Quadripolar mitosis, metastatic 
carcinoma to pericardial fluid. B. Tripolar mitosis, embryonal carcinoma, testis. C. Lung 
cancer, bronchial brush. Note a metaphase with numerous chromosomes next to cancer 
cells. D. Carcinoma of bladder, voided urine sediment with a tumor cell metaphase 
containing numerous chromosomes. ( AB\ High magnification; D: oil immersion.) (/land B 
Courtesy of Dr. Carlos Rodriguez, Tucuman, Argentina.) 
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Mitoses in abnormal locations: Another abnormality observed in cancer is the presence of 
mitotic figures, whether morphologically normal or abnormal, in abnormal location. This is 
particularly applicable to situations where the cancerous process is anatomically well- 
defined and polarized as, for example, in squamous carcinoma in situ. In this disease (see 
Chap. 11), the presence of mitotic figures may be observed at all epithelial levels, whereas in 
normal epithelium, the mitotic activity is confined to the basal layer. Similarly, mitotic figures 
occurring within cancerous, mucus-secreting, glandular acini may be observed, whereas such 
activity is usually not obvious in mature glandular cells. It must be emphasized, however, that 
mitotic activity in abnormal location may occur in benign tissues as a result of reaction to 
injury or repair. In such instances, the mitoses usually occur in waves and then subside once 
the reparatory process has been completed. 

Although, exceptionally, an abnormal mitosis may be encountered in the absence of 
cancer (see Fig. 6-9), it has been my experience that, as a general rule, abnormal mitotic 
figures in cytologic material are associated with cancer and, therefore, constitute an 
important diagnostic clue. 
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Figure 7-24 Examples of differentiation of cancer cells. A. Metastatic bronchogenic 
adenocarcinoma in pleural fluid. The cancer cells mimic bronchial epithelial cells. B. 
Metastatic malignant melanoma to liver. Melanin pigment granules in the cytoplasm are 
enhanced with Fontana-silver stain. C. Metastatic mammary adenocarcinoma in pleural 
fluid. The cells form a 3-dimensional spherical papillary cluster with evidence of mitotic 
activity. D. Lung brushings. Gland formation by cells of adenocarcinoma. ( B : Oil immersion; 
C\ high magnification.) (B: Courtesy of Prof. S. Woyke, Warsaw, Poland.) 



RECOGNIZING THE TYPE AND ORIGIN OF CANCER CELLS 

Although the recognition of the malignant nature of cancer cells is based primarily on the 
nuclear features, the cytoplasmic features often reflect their origin and derivation of these cells. 
The issue is important because the recognition of cell derivation may be of significant 
diagnostic and clinical value, particularly in the classification of metastatic tumors of unknown 
origin. As a general principle, cancer cells attempt, at all times, to mimic the tissue of 
origin with variable success and these attempts are expressed in the cytoplasm. Thus, 
cancer cells of bronchial origin may mimic bronchial cells (Fig. 7-24A). Cancer cells of 
squamous epithelial origin often contain an abundance of keratin filaments of high 
molecular weight; this is reflected in rigid polygonal shape and intense eosinophilic 
staining 



of the cytoplasm, easily recognizable under the microscope. The formation of squamous 
“pearls,” i.e., spherical structures composed of squamous cells surrounding a core of keratin, is 
commonly observed in squamous cancers (see Chaps. 11 and 20). The cytoplasm of cancer 
cells originating in the glandular epithelium may show evidence of production and 
secretion of mucin or related substances in the form of cytoplasmic vacuoles; such cells may 
also retain the columnar configuration of cells of the epithelium of origin. Cancer cells 
derived from striated muscle may display cytoplasmic striations and cells derived from 
pigment-producing malignant tumors, such as melanomas, may produce cytoplasmic deposits 
of melanin pigment (Fig. 7-24B). 

It is not uncommon for differentiated cancer cells to form three-dimensional structures 
mimicking the structure of the tissue of origin. Thus, formation of gland-like or tubule- 
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like structures is fairly common in adenocarcinomas, as is the formation of spherical or 
oval three-dimensional clusters of cancer cells, mimicking the formation of papillary structures 
of the tumor observed in tissue sections (Fig. 7-24C,D). Leighton (1967) devised an 
experimental system of tissue culture wherein cancer cells may be observed to form three- 
dimensional structures mimicking the tissue of origin or its function, such as formation of 
melanin (Fig. 7-25). 




Figure 7-25 Growth pattern of human tumors on cellulose sponge matrix coated with fibrin. 
A. Papillary carcinoma of thyroid. Note formation of colloid-filled acini. B. Primary culture of 
fibroblasts with a secondary culture of malignant melanoma. Note pigment formation. 
(Courtesy of Dr. Joseph Leighton, Philadelphia, Pennsylvania.) 



In many cancer cells, however, the efforts at differentiation are stymied, resulting in cells that 
have very few or no distinguishing features under the light microscope. Such cells are classified 
as “poorly differentiated” or “anaplastic” (from Greek, ana = again and plasis = a 
moulding), suggesting a reversal to a more primitive, embryonic type of cell. Still, even such 
cells may display features of sophisticated differentiation by electron microscopy or 



327 / 3276 




Koss' Diagnostic Cytology & Its HistopathoTogfofidaeseiStal Eabncepts of Neoplasia: Benign Tumors and Cancer 



by immunostaining. For example, cells derived from poorly differentiated tumors of the 
nervous system, such as neuroblastomas, 
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may show ultrastructural evidence of formation of characteristic cell junctions (synapses), and 
of neurofibrils (see Chap. 40). Cells derived from tumors with endocrine function may show 
evidence of hormone formation in the form of the characteristic cytoplasmic vesicles in electron 
microscopy. The endocrine function may also be revealed by immunocytochemistry with 
antibodies to the endocrine granules in general or to the specific cell product. Many such 
examples could be given. Immunocytochemistry, discussed in detail in Chapter 45, may be 
applied in an attempt to determine the origin on undifferentiated cancer cells. An overview of 
the fundamental reagents is given in Table 7-5. The issue of cell differentiation in cancer is 
further complicated by the fact that the expressions of differentiation may vary, not only 
from cell to cell within the same tumor, but may depend on the clinical presentation of 
the same tumor. As an example, a poorly differentiated primary carcinoma of squamous or 
glandular lineage may become fully differentiated in a metastatic focus and vice versa; a well 
differentiated primary tumor may form poorly differentiated metastases. Further, a tumor that 
may appear to be of a single lineage in its primary presentation may form metastases showing 
two or sometimes more families of cancer cells. In general, during the natural history of a 
cancer, recurrent or metastatic tumors tend to be less well differentiated than the 
primary but there are many exceptions to this rule. 



TABLE 7-5 CANCER CELL MARKERS* 



Marker 


Tumor Expression 


Remarks 


Oncofetal Antigens 






Carcinoembryonic antigen 


Tumors of the 
gastrointestinal and 
respiratory tracts 


Occasionally 
useful in 
diagnosis 






Used in 
monitoring of 
patients 


Aphafetoprotein 


Germ cell tumors of ovary 
and testis; primary 
hepatomas 


Useful in 
diagnosis 


Placental alkaline phosphatase 
Acid phosphatase 
Prostate specific antigen 


Prostatic cancer 


Useful in 
diagnosing stage 
and spread of 



tumor and in 

monitoring 

treatment 
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Hormones 



Hcg (human chorionic 
gonadotropin) 


Tumors of placenta; germ 
cell tumors of testis, 
sometimes ovary 


Useful in 
diagnosing and 
monitoring 
patients 


Polypeptide hormones 
(calcitonin, gastrin, 
somatostatin, serotonin, 
parathyroid hormone, pituitary 
hormones) 


Endocrine tumors of various 
organs: thyroid, pancreas, 
gastrointestinal, and 
respiratory tracts, adrenal 
medulla, pituitary 


Useful in tumor 
identification and 
classification, 
sometimes in 
monitoring 
patients 


Epitectin (Cal), milk factor 
epithelial membrane antigen 


Antigens without specificity 


Recognize cancer 
cell epitopes — not 
reliable 


Hormone receptors: estrogen, 
progesterone 


Breast cancer 
Endometrial cancer 


Guide to therapy 

Prognostic value 
still insecure 


Growth factors, oncogene 
products, platelet-derived 
growth factor, insulin-like growth 
factor, nerve growth factor, 
epidermal growth factor 


Widely distributed in many 
tumors 


Have diagnostic 
value 

Prognostic value 
questionable 
except c-myc in 
neuroblastoma 


Monoclonal antibodies 
recognizing specific organs or 
tumors (prostate, melanomas, 
ovarian tumors) 


Various organs and tumors 


Occasionally of 
diagnostic value 


Monoclonal antibodies 
recognizing intermediate 
filaments 


Widely distributed 


Of value in 
diagnosis 
carcinoma vs 
sarcoma 


Monoclonal antibodies 
recognizing stages of 


Malignant lymphomas 


Classification of 
lymphomas 



development of lymphocytes 
and their lineage (CDs, see 
Chap. 5) 
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Proliferation antigens Ki67, PCNA(cyclin) Possibly useful in 

tumor prognosis 



* 

For further discussion see Chapter 45. 



It is quite evident that the issues of cell differentiation in cancer are extremely complex and 
depend on multiple genes that may or may not be expressed in any given cancer cell. There 
is, at this time, essentially no factual information on the molecular biologic mechanisms that 
account for the differentiation of cancer cells. On the other hand, a great deal of work has been 
performed to explain the mechanisms 
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of differentiation occurring during embryonal life of multicellular animals, when germ cells are 
organized to form tissues and organs. The best known target of these studies is a small worm, 
Caenorhabditis e/egans, which has been shown to carry 1 9,000 genes that have been 
sequenced. It is of interest that many genes that govern the embryonal development of the 
worm also occur in other multicellular organisms (Ruvkun and Hobert, 1998). It may be 
assumed that such developmental genes remain active in mature organisms and that they may 
be transmitted to cancer cells wherein they may be activated or inactivated according to 
circumstances about which nothing is known at this time. The proof that all genes are present 
in normal cells is provided by successful animal cloning using nuclei from mature cells 
inserted into the ovum. 

MALIGNANCY-ASSOCIATED CHANGES 

Under this name, Nieburgs et al (1967) described, many years ago, changes observed in 
nuclei of leukocytes and epithelial cells in patients with cancer. The changes were 
observed in cells that were either remote or adjacent to the site of cancer origin. The changes 
were classified as “orderly” with clear spherical areas in nuclear chromatin, or “disorderly,” 
based on chromatin clumping. The orderly changes were observed in areas remote from the 
primary tumor and the disorderly changes were observed in cells adjacent to tumors. 

The observations were revived by the observation that morphologically normal parabasal and 
intermediate squamous cells in smears from patients with precancerous lesions of the 
uterine cervix showed abnormal patterns of chromatin (Bibbo et al, 1981; Burger et al, 1981). 

These abnormalities could be measured and became the basis of an automated diagnostic 
system based on Feulgen-stained cells (Poulin et al, 1994). It is interesting that molecular 
biologic observations of morphologically normal epithelium, adjacent to cancer in various 
organs, may show genetic abnormalities. In practice, some degrees of nuclear atypia of benign 
epithelial cells may be observed in patients with various cancers, as will be discussed in 
appropriate chapter. 
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The Normal Female Genital Tract 

ANATOMY 

The female genital tract is composed of the vulva, the vagina, the uterus, the fallopian tubes, 
and the ovaries (Fig. 8-1). 

Embryologic Note 

The fallopian tubes, the uterus, and the adjacent part of the vagina are derived from two 
embryonal structures, the mullerian ducts, so named after Johannes Muller, a German 
anatomist of the early 19th century who first described them. The mullerian ducts fuse to 
become the uterus and the proximal vagina but remain separated to form the two oviducts 
(fallopian tubes). Imperfect fusion of the mullerian ducts results in formation of various degrees 
of duplication or subdivision of the uterus and the vagina, such as uterus septus and vagina 
septa. An excellent discussion of embryologic origin and congenital abnormalities of the female 
genital tract may be found in the book by Gray and Skandalakis (1972). 

The Vulva 

The vulva is the external portal of entry to the female genital tract. It is composed of two sets of 
folds or labia (from Latin, labium = lip; plural, labia), which frame both sides of the entrance to 
the vagina. The larger external folds, or labia majora (from Latin, majus = larger; plural, 
majora ) are an extension 

P.184 

of the skin. The smaller inner folds, or labia minora (from Latin, minor = lesser; plural, minora), 
form a transition between the skin and the vagina. The outer surfaces of the labia minora retain 
some features of the skin, such as the presence of sebaceous glands, whereas the inner 
surfaces blend with the vagina. Located anteriorly between the labia minora is the female 
counterpart of the penis, the clitoris, provided with a retractile, prepuce-like structure. Located 
about 1 cm behind the clitoris is the opening of the urethra, the terminal portion of the urinary 
tract. 
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Figure 8-1 Schematic representation of the female genital tract in relation to bony 
structures (upper left ); a coronal section (lower left ); and a sagittal section showing the 
relationship to the bladder and the rectum (right). 



The lymphatic drainage of the vulva is to the inguinal lymph nodes, which are the primary 
site of metastases in malignant tumors of the vulva. 

The Vagina 

In virgins, the entrance to the vagina is protected by a thin, perforated membrane, the hymen. 
The torn hymen persists in the form of small vestigial elevations at the entrance to the vagina. 
Just behind the vestigial hymen, on both sides of the posterior and lateral aspect of the vagina, 
there are two mucus-secreting glands, the glands of Bartholin or Bartholin's glands. During 
the childbearing age, the adult vagina is a canal, measuring approximately 10 cm in length, 
demarcated externally by the vulvar folds or labia, described above. The posterior end of the 
vagina is a blind pouch, the cul-de-sac. The anterior wall of the vagina, near the cul-de-sac, 
accommodates the uterine cervix. The area demarcated by the cervix and the blind end of the 
vaginal pouch is the posterior vaginal fornix. The fornix is quite deep and is the site wherein 
the secretions from the uterine glands, as well as exfoliated epithelial cells, accumulate. The 
wall of the vagina consists of three layers: the inner or mucosal layer of squamous epithelium, 
which shows transverse ridges or rugae. The mucosa is supported by a layer of smooth 
muscle. The thin outer serosal layer of the vagina is composed of connective tissue. The wall 
of the vagina is rich in lymphatic vessels. The lymphatic drainage of the anterior one-third of 
the vagina goes to the inguinal lymph nodes, whereas the posterior two-thirds drain into the 
pelvic lymph nodes. 

Of importance are the anatomic relationships of the vagina, which are separated by thin 
connective tissue partitions or septa from the rectum posteriorly and the bladder anteriorly. 
Inflammatory processes and cancers of one of these organs may spread to the vagina and vice 
versa. 



One of the rare but important congenital abnormalities of the vagina is vagina septa, in which 
the vagina, and possibly the uterus as well, is divided into two separate chambers. On 
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occasion, this is of significance in tumor diagnosis, since cancer may be present in one part of 
the genital tract while the healthy part is being investigated with negative results. 

The Uterus 

The uterus is arbitrarily divided into two parts — the body, or corpus, and the neck, or cervix. 

The corpus and the cervix usually form an angle of 120°, with the corpus directed anteriorly. 

The body or corpus of the uterus is a roughly pyramidal organ, shaped like an inverted pear 
and flattened in the anteroposterior diameter. In the resting stage, it measures 4 to 7 cm in 
length and approximately the same at its widest point. The apex of the pyramid, which becomes 
the cervix, is directed downward, whereas the wide base, or fundus, is directed upward. The 
cervix is a tubular structure measuring approximately 4 cm in length and about 3 cm in diameter. 

Of its total length, about half is within the vagina and is called the portio vaginalis (also known 
as ecto- or exocervix); the rest is embedded within the vaginal wall and is continuous with the 
body of the uterus. 

The bulk of the uterus is formed by smooth muscle, or the myometrium, which is capable of a 
manifold increase in size and weight during pregnancy. The muscle encloses the uterine 
cavity, described below, and is covered on its surface by a reflection of the peritoneum, known 
as the uterine serosa. The uterus is anchored in the pelvis by a series of bands of connective 
tissue, or ligaments, the most important being the 
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posterior round ligament, and by folds or reflections of the peritoneum. Lateral folds, 
extending along the sides of the uterus and filled with loose connective tissue rich in 
lymphatics, are known as the broad ligaments forming the left and the right parametrium 
(plural, parametria). 

The cervix has a very close anatomic relationship to the urinary bladder, which is anterior, and 
to both ureters, which run along the lateral walls of the cervix to reach the bladder. This 
anatomic arrangement explains the frequent involvement of the lower urinary tract by cervical 
cancer. 

The Uterine Cavity 

The thick, muscular walls of the uterus contain a cavity that, within the cervix, is called the 
endocervical canal and is continuous with the endometrial cavity of the corpus. The 
opening of the cervical canal into the vagina is referred to as the external os (from Latin, os = 
mouth). The point of transition of the endocervical canal into the endometrial cavity is known as 
the internal os. The endocervical canal is normally very narrow, measuring at the most 2 or 3 
mm in diameter. The endometrial cavity follows the outline of the body of the uterus and is 
roughly conical, with the apex of the cone corresponding to the internal os and the base 
directed upward to the upper part, or fundus, of the uterine body. On each side of the 
triangular endometrial cavity, the horns, or the cornua, of the fundus are in communication with 
the fallopian tubes, or the oviducts. The lumen of the endometrial cavity in the resting stage is 
quite small, measuring only a few millimeters in the anteroposterior diameter. The endometrial 
cavity during pregnancy enlarges to harbor the fetus. 

The Fallopian Tubes 

The fallopian tubes (so named after Gabriello Fallopius, an Italian anatomist of the 16th century, 
who first described them), or the oviducts, measure between 8 and 12 cm in length and 3 and 



353 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 8 - The Normal Female Genital Tract 

5 mm in diameter. Their proximal ends are in direct continuation with the endometrial cavity, 
whereas their distal ends, with fingerlike folds, or fimbriae, open freely into the abdominal 
cavity, embracing the ovaries. The ova, released by the ovaries, find their way into the fallopian 
tubes, where they are fertilized by spermatozoa. The tubes are composed of three layers — the 
inner mucosal layer, followed by a layer of smooth muscle, and a serosal layer on the surface. A 
narrow canal, lined by the mucosa, is present throughout the entire length of the tube, thereby 
ensuring direct communication between the vagina and the abdominal cavity — a fact of some 
importance in the spread of infections and malignant tumors. The histology of the fallopian 
tubes is discussed in Chapter 15. 

Ovaries 

The ovaries are approximately ovoid structures, each measuring on the average 4 by 2 by 2 
cm, located anatomically in the immediate vicinity of the abdominal or fimbriated end of the 
tubes, but not directly contiguous with the tubal lumens. In spite of this, the ova, formed in the 
ovary, find their way into the tubes and from there into the uterine cavity. The ovaries are 
loosely suspended, as are the tubes, by peritoneal folds. The histology of the ovaries is 
discussed in Chapter 15. 

Adnexa and Lymphatic Drainage 

The term adnexa or uterine adnexa is used to describe, as a single entity, the structures 
peripheral to the uterus, which consist of the fallopian tubes, ovaries, parametria, and regional 
lymph nodes. The lymphatics of the uterus, the tubes, and the ovaries are the tributaries 
of the pelvic and the aortic lymph nodes. 

HISTOLOGY OF THE UTERUS 

Cytologic examination of the female genital tract is based mainly on the study of 
epithelial cells, with cells of other derivation playing only a minor role. Three types of 
epithelia are present within the uterus and the vagina: (1) the nonkeratinizing squamous 
epithelium that lines the inner aspect of the labia minora of the vulva, the vagina, and the 
portio vaginalis of the cervix; (2) the endocervical mucosa; and (3) the endometrium. All 
these epithelia, but especially the endometrium and the squamous epithelium, are under 
hormonal influence. The fullest development of these epithelia occurs during the 
childbearing age, and our description will be based on their appearance at this time. 

Subsequently, the changes observed in prepubertal and postmenopausal women will be 
described. Further details on the histology of the vulva and vagina are provided in Chapter 15. 

Nonkeratinizing Squamous Epithelium 

Squamous epithelium of the female genital tract is of two different embryologic origins. The 
epithelium lining the inner aspect of the labia minora and contiguous with the adjacent vagina, 
presumably to the level of the cervix, originates from the urogenital sinus. The remainder of the 
vaginal epithelium and the squamous epithelium of the vaginal portio of the cervix are derived 
from the mullerian ducts by transformation (metaplasia) of the original cuboidal 
epithelium into squamous epithelium. This fact has considerable bearing on certain 
congenital, neoplastic, and drug-induced abnormalities in the vagina and the cervix. The 
original squamous epithelium, not derived from metaplasia, is sometimes referred to as native 
squamous epithelium. 

The fundamental structure of the squamous epithelium is described in Chapter 5 (see Fig. 5-4). 
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In the female genital tract, during sexual maturity, four layers or zones may be arbitrarily 
discerned and include the bottom, or basal, layer, which is the source of epithelial 
regeneration; the adjacent parabasal zone, imperceptibly blending with the intermediate 
zone, forming the bulk of the epithelial thickness; and the thin superficial zone (Fig. 8-2A). It is 
estimated that the process of squamous epithelial maturation 
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takes approximately 4 days. The process may be accelerated to 30 to 45 hours by the 
administration of estrogens. The mature squamous epithelium of the cervix and vagina is 
rich in glycogen, as documented by periodic acid-Schiff stain (Fig. 8-2B). Clinically, the 
presence of glycogen may be revealed by staining the squamous epithelium with Lugol's iodine 
solution, which, by binding with glycogen, stains the epithelium mahogany brown. This is the 
basis of Schiller's test, which serves to visualize nonstaining, pale areas of the epithelium 
suggestive of an abnormality that can be either benign or malignant. 




Figure 8-2 Normal squamous epithelium of the uterine cervix. A. Note the epithelial 
layers described in text and the absence of a keratin layer on the surface, which is 
composed of nucleated cells. B. The glycogen in the upper layers of the epithelium is 
documented by dark red stain with periodic acid-Schiff (PAS) reaction. 



The Epithelial Layers 

The basal, or germinative, layer is composed of one row of small, elliptical cells, measuring 
approximately 10 pm in diameter. The vesicular nuclei, about 8 pm in diameter, commonly 
display evidence of active cellular growth, such as nucleoli or numerous chromocenters, and 
occasional mitoses. Under normal circumstances, the entire process of epithelial regeneration 
is confined to the basal layers; the remaining zones merely serving as stages of cell maturation. 

The wide midzone of the epithelium, comprising the parabasal and intermediate layers, is 
composed of maturing squamous cells. As the maturation of the epithelium progresses toward 
the surface, the amount of cytoplasm per cell increases, whereas the sizes of the vesicular 
nuclei remain fairly constant, measuring about 8 pm in diameter. Arbitrarily, the two or three 
layers of smaller cells of the deeper portion of the midzone are designated as parabasal 
layers. The larger cells, adjacent to the superficial zone, form the intermediate cell layers. If 
further maturation is arrested under various circumstances, the midzone may form the surface 
of the squamous epithelium. The cells forming the bulk of the epithelium are bound to each 
other by welldeveloped desmosomal attachments or intercellular bridges (Fig. 8-3). 
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The superficial zone is composed of three or four layers of loosely attached cells that are still 
larger than intermediate cells. The nuclei of the cells forming the surface of the epithelium are 
considerably smaller and pyknotic, measuring about 4 pm in diameter. These cells are not 
capable of further growth. The most superficial cells of the squamous epithelium are cast off 
the epithelial surface by a mechanism known as desquamation or exfoliation. The exfoliation 
either pertains to single squamous cells or to cell clusters. Within the clusters, the cells are still 
bound by desmosomes, as shown by electron microscopy (Dembitzer et al, 1976). The 
desquamation (exfoliation) of the squamous cells is related to splitting of the desmosomal 
bonds and, presumably, other cell attachments by an unknown mechanism (Fig. 8-4). It must 
be noted that, in vitro, the disruption of desmosomes among exfoliated squamous cells by either 
proteolytic enzymes or mechanical means, without destruction of the cells, is exceedingly 
difficult. Hence, one can only speculate either that specific enzyme systems become activated 
in the superficial layers of the epithelium or that intracytoplasmic changes occur that weaken 
the desmosomes and thereby allow the superficial cells to be dislodged, presumably by the 
pressure exercised by the growing epithelium. 

The squamous epithelium is provided with an immune apparatus, represented by bone 
marrow-derived modified macrophages or dendritic cells, which are dispersed in the basal and 
central layers. Among the dendritic cells are the Langerhans' cells, characterized by clear 
cytoplasm and vesicular nucleus. With special staining procedures, the branching cytoplasm of 
these cells can be identified (Figueroa and Caorsi, 1980; Roncalli et al, 1988). In electron 
microscopy, the cells are characterized by the presence of typical cytoplasmic tennis 
racquet-shaped granules, known as Birbeck's granules (Younes et al, 1968). Edwards and 
Morris (1985) studied the distribution of the Langerhans' cells in the squamous epithelium of the 
various parts of the female genital tract and found the highest concentration in the vulva and 
the lowest in the vagina. The Langerhans' cells play an important role in the immune 
functions of the squamous epithelium. 

The development of a superficial horny keratin layer composed of anucleated, fully 
keratinized cells, as observed in the epidermis of the skin (see Chap. 5), does not normally 
take place in the female genital tract but may occur under abnormal circumstances (see Chap. 

10). On the other hand, in a variety of conditions (e.g., pregnancy, menopause, hormonal 
deficiency, inflammation), the squamous 
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epithelium may fail to reach its full maturity. In such cases, the surface of the squamous 
epithelium may be formed by intermediate or, sometimes, parabasal layers. 
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Figure 8-3 Squamous epithelium of human uterine cervix. Electron micrograph of 
portions of two adjacent squamous cells from epithelial midzone. There are numerous 
cytoplasmic filaments, many ending in desmosomes (D). Rich deposits of glycogen (G) are 
observed adjacent to the nucleus (N). The empty areas within the glycogen zone are due 
to partial dissolution of glycogen in the fixative (glutaraldehyde). Afew vesicles are present 
between the nuclear membrane and the glycogen zone. A nucleolus (NL) is also noted. 
(*9,000.) 



Basement Membrane and the Supporting Apparatus 

Immediately underneath the basal layer of the epithelium, there is a thin band of hyaline 
material that is quite dense optically and is referred to as the basement membrane; it can 
also be found underneath the endocervical surface epithelium and glands (see Chap. 2). The 
significance of the basement membrane in determining invasion of a cancer is discussed in 
Chapters 11 and 12. 
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Figure 8-4 Electron micrograph of the superficial layer of the squamous epithelium 
of the vagina. Breakage of a desmosome (arrow) is shown next to two still intact 
desmosomes. (x 33,000.) (Photo by Dr. H. Dembitzer, Montefiore Hospital and Medical 
Center, New York, NY.) 



Beneath the basement membrane, there is a connective tissue stroma, containing variable 
numbers of T and B lymphocytes, with the highest concentration in the transformation 
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zone (Edwards and Morris, 1985). Small, fingerlike, blood vessel-bearing projections of 
connective tissue (papillae) supply the epithelium with nutrients. 

Electron Microscopy 

Transmission electron microscopy discloses a multilayer epithelium with cells bound to each 
other by numerous desmosomes. The cytoplasm is rich in glycogen and tonofibrils (see Fig. 8- 
3). In the most superficial epithelial layers, breakage of desmosomes is evident (Fig. 8-4) and 
accounts for spontaneous shedding of the superficial cells. 

Scanning electron microscopy of the surface of the normal squamous epithelium discloses 
platelike arrangement of large squamous cells closely fitting with each other (Ferenczy and 
Richart, 1974). The surface of the cells is provided with a network of short uniform microridges. 

At the points of cell junctions, more prominent ridges may be noted (Fig. 8-5). 

Endocervical Epithelium 

The epithelial lining of the endocervical canal, and of the endocervical glands, is formed by a 
single layer of mucus-producing tall columnar cells with oval nuclei and clear cytoplasm, 
also known as picket cells (Fig. 8-6). The endocervical epithelium participates in the events 
of the menstrual cycle, described below, and this is reflected by the consistency of the 
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endocervical mucus. During the preovulatory phase of the cycle, the mucus is thick and 
readily crystallized; it becomes liquid just before and during the ovulation, presumably to 
facilitate the entry of spermatozoa into the uterine cavity. Consequently, the appearance of the 
cytoplasm of the endocervical cells and the position of nuclei depends on the phase of the 
menstrual cycle. During the proliferative phase, the cytoplasm is opaque and the nuclei are 
centrally located (Fig. 8-6A). During the secretory phase, the transparent cytoplasm is bulging 
with accumulated mucus that pushes the flattened nuclei to the basal periphery of the cells (Fig. 

8-6B). In such cells, the luminal surface is flat but may show tiny droplets or smudges, reflecting 
secretion of mucus. The nuclei of the normal endocervical cells are open (vesicular) and 
spherical, and measure approximately 8 pm in diameter. Ciliated cells are commonly present in 
the upper (proximal) segment of the endocervical canal, as confirmed in a careful study by 
Babkowski et al (1996). The nuclei of the ciliated cells are somewhat larger than those of 
nonciliated cells (see Figs. 8-1 9B and 8-20D). Located among the columnar cells at the base of 
the epithelium, adjacent to the basement membrane, there are small, triangular basal, or 
reserve, cells. These cells are very difficult to see in light microscopy of normal epithelium but 
have been clearly demonstrated by electron microscopy. Under abnormal circumstances, a 
hyperplasia of the reserve cells may be observed. The role of reserve cells as the cell of origin 
of squamous metaplasia of the endocervix is discussed in Chapter 10. 




Figure 8-5 Scanning electron micrographs of mature squamous epithelium of the 
portio of the uterine cervix. A Low-power view showing platelike, flat, superficial cells of 
various sizes. The points of junction of these cells are marked by ridges. Atear, suggestive 
of cell exfoliation, is seen on the right. B. Detail of the surface showing an interlacing 
network of microridges characteristic of mature squamous cells. In the right upper corner of 
the photograph, a more prominent ridge marks the point of junction with an adjacent 
superficial squamous cell. (A High magnification; B: x10,000.) (From Ferenczy A, Richart 
RM. Scanning electron microscopy of the cervical transformation zone. Am J Obstet 
Gynecol 115:151, 1973.) 



The endocervical glands are of the simple tubular branching type, and they may vary 
substantially in number and distribution. In some women, the normal glands may be situated 
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distance from the surface; this distribution of endocervical glands is of importance in the 
diagnosis of extremely well-differentiated endocervical adenocarcinoma (see Chap. 12). The 
presence of glands underneath the squamous epithelium of the portio, in the area of the 
external os (transformation zone), is normal. The epithelium lining the glands is identical to the 
surface epithelium. 




Figure 8-6 Normal endocervix. A Typical columnar epithelium lining the surface of the 
endocervical canal and the endocervical glands. B. Higher power view of endocervical 
lining epithelium, composed of “picket cells” with clear cytoplasm, corresponding to the 
secretory phase of the menstrual cycle. 



Electron Microscopy 

Transmission electron microscopic studies of the endocervical epithelium reveal typical, 
mucus-secreting cells with secretory granules in the cytoplasm. On the luminal surface, the 
cells are bound to each other by junctional complexes and, elsewhere, by desmosomes (Fig. 8- 
7). The basal reserve cells are readily observed at the base of the columnar endocervical cells. 
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Figure 8-7 Electron micrograph of endocervical epithelium. At left there is a mucus- 
secreting cell, characterized by a large number of cytoplasmic granules (M); at right a 
ciliated epithelial cell is seen (see Fig. 8-8). (x 13,000.) (Photo by Dr. H. Dembitzer, 
Montefiore Hospital and Medical Center, New York, NY.) 



Scanning electron microscopy shows that ciliated endocervical cells are more common than 
is generally estimated by light microscopy (Fig. 8-8). 

Transformation Zone or the Squamocolumnar Junction 

The area of the junction between the squamous and the endocervical epithelium is of 
considerable importance in 
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the genesis of carcinoma of the uterine cervix (see Chap. 11). In a normal, quiescent cervix, the 
transition between the two epithelial types is often sharp and is known as the 
squamocolumnar junction, now usually designated as the transformation zone (Fig. 8-9). 

The term transformation zone is based on colposcopic observations of adolescent and young 
women, documenting that the glandular epithelium of the cervix in the area of the 
squamocolumnar junction is undergoing constant metaplastic transformation into squamous 
epithelium. The events of transformation are sometimes reflected in cervical smears, showing 
side by side endocervical glandular cells and young metaplastic squamous cells. 
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Figure 8-8 Scanning electron micrograph of endocervical epithelium. Numerous 
ciliated cells are next to mucus-secreting cells (M). The latter are characterized by a 
shaggy configuration of the surface (see Fig. 8-7). (x 4,800.) (Courtesy of Dr. Ralph 
Richart, New York, NY.) 



The anatomic location of the transformation zone varies considerably and is age-dependent 
(Fig. 8-10). In adolescents and young women, the junction is usually located at the level of 
the external os, but may extend to the adjacent vaginal aspect of the uterine cervix. In the latter 
case, the area occupied by the endocervical epithelium on the surface of the cervix may be 
visible to the naked eye as a sharply demarcated red area, sometimes inappropriately called an 
erosion, but better designated as eversion, ectropion, or ectopy. The redness reflects the 
presence of blood vessels under the thin endocervical epithelium. The ectropion is a benign, 
self-healing condition, which, however, may mimic important lesions of the cervix. The cytologic 
presentation and clinical significance of the ectropion are discussed in Chapter 9. 

With advancing age, the junction tends to move up into the endocervical canal. At the time of 
the menopause, the junction is usually located within the endocervical canal and is hidden from 
view. 

Because most of the initial precancerous changes in the uterine cervix occur within 
the transformation zone, this is an area of major importance in cervix cancer 
prevention (see Chap. 11). For this reason, much emphasis has been placed on sampling of 
the transformation zone by cervicovaginal smears (see comments on smear adequacy at the 
end of this chapter). It is evident that the transformation zone is more readily accessible in 
younger than in older women. For comments on cytology of the transformation zone, see below. 

The Endometrium 

The transition between the endocervical epithelium and the endometrium usually occurs at the 
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level of the internal os. The transition between the large picket cells of the endocervical 
mucosa and the smaller cells of the endometrium is usually quite sharp. 

The endometrium is essentially composed of layers of surface epithelium composed of 
cuboidal cells, forming simple tubular glands, surrounded by stromal cells. During the 
childbearing age, the endometrium undergoes cyclic changes (menstrual cycle) to prepare it 
for the implantation of the fertilized ovum, hence for pregnancy. The appearance of the glands 
and the stroma changes with the phase of the cycle, as described below. If the implantation 
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does not occur, the endometrium is shed before the beginning of the next menstrual cycle. A 
detailed history of the cyclic changes and their hormonal background can be obtained 
elsewhere; for our purpose, only a brief summary is necessary. 




Figure 8-9 Transformation zone. A. Squamocolumnar junction in a cervix of a full-term 
infant girl. Note the border between the endocervical and squamous epithelium. B. Same 
child as in A Higher magnification shows the process of squamous metaplasia in the 
endocervical canal. Squamous epithelium is beneath the surface layer of endocervical 
cells. C. Transformation zone in a young adult woman. Note the presence of endocervical 
glands beneath the level of squamous epithelium on left. D. A smear of the transformation 
zone in an adult young woman showing side-by-side secretory and nonsecretory (young 
metaplastic) endocervical cells. 



The Endometrium During the Menstrual Cycle 

The menstrual cycle is the result of a sequence of hormonal influences that, in a normal 
woman, follow each other with great regularity from puberty to menopause, except during 
pregnancy. It has been shown by Frisch and McArthur (1974) that a certain minimal body weight 
in relation to height is necessary for the onset and maintenance of the menstrual activity. The 
ovarian hormones most directly responsible for the menstrual cycle are estrogen, produced by 
follicles that harbor ova, and progesterone, produced by corpus luteumthat forms after 
expulsion of the ovum. The ovarian activity is regulated by hormones produced by the anterior 
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lobe of the pituitary and the hypothalamus. A simple diagram summarizes the principal hormonal 
factors and their influence on the endometrium (Fig. 8-11). 



\J\J WW \J\J 

teens 20 - 50 postmenopausal 



Figure 8-10 Transformation zone. The position of the transformation zone 
(squamocolumnar junction) varies according to age. In very young women and during the 
childbearing age (20 to 50 years of age) the transformation zone is either in an exposed 
position (left and center ) or at the external os. In postmenopausal women (right) the 
transformation zone is often located within the endocervical canal. It is evident that 
cytologic sampling of this epithelial target is much easier in younger women. 



Menstrual Bleeding 

The beginning of the menstrual flow marks the first day of the cycle. It corresponds to 
disintegration and necrosis of the superficial portion of the endometrium, indicating 
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the end of the activity of progestational hormones originating in the ovarian corpus 
luteum. The casting off of the endometrium usually takes 3 to 5 days and is accompanied by 
bleeding from the ruptured endometrial vessels. 




DAYS 4 14 28 
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Figure 8-11 Adiagrammatic and greatly simplified representation of the influence of 
anterior pituitary and ovarian functions on the cyclic growth and disintegration of 
endometrium. 



Proliferative Phase 

Endometrial necrosis is followed by regeneration and the onset of the growth or proliferative 
phase, during which the endometrium grows in thickness. This phase of endometrial growth is 
under the influence of estrogens originating in the granulosa and the theca cells of the 
ovarian follicles and, in essence, is a preparation for pregnancy. The initial event is the 
regeneration of the surface epithelium from residual endometrial glands. During this stage, 
the endometrial surface epithelium is composed of cuboidal to columnar cells with scanty 
cytoplasm and spherical, intensely stained nuclei that show significant mitotic activity. 
Occasionally, larger cells with clear cytoplasm (helle Zellen of the Germans) are also present. 
Their significance is unknown. 




The glands of the proliferative phase are formed by invagination of the surface 
epithelium. The glands are straight tubular structures lined by one or two layers of cuboidal, 
sometimes columnar, cells with scanty cytoplasm and intensely staining nuclei that show 
intense mitotic activity. The endometrial stroma in this stage is compact and formed by small 
cells (Fig. 8-1 2A). Single ciliated cells may be observed in proliferative endometrium, mainly 
on the surface. 

Ovulation and the Secretory Phase 

The release of the ovum from the ovarian follicle (ovulation) usually occurs between the 11th 
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menstrual cycle and signals the onset of the secretory phase. The ovarian corpus luteum, 
which replaces the follicle, begins to function by secreting progesterone, which stimulates the 
secretory activity of the cells lining the endometrial glands. Secretory vacuoles, composed 
mainly of glycogen, are formed, at first in subnuclear position, later shifting to a supranuclear 
one, closer to the lumen of the gland. At the same time, the straight tubular glands become 
more tortuous, and the surrounding stromal cells become larger and eosinophilic, resembling 
decidual cells (Fig. 8-1 2B). There is evidence that the actual process of secretion is of the 
apocrine type; that is, the apical portions of the glandular cells containing glycoproteins are cast 
off into the lumen of the gland. With the passage of time, the tortuosity of the glands and the 
vacuolization of the lining cells continue to increase and the stroma becomes loosely structured. 

Just before the beginning of the next menstrual flow, the glands acquire a see-saw 
appearance before collapsing, signaling the onset of the epithelial necrosis and the beginning 
of a new cycle. 




Figure 8-13 Electron micrograph of proliferative endometrium. View of an acinus of 
an endometrial gland showing cilia-forming columnar cells. The cytoplasm, although rich in 
a variety of organelles, shows no distinguishing features. The nuclei (N), some containing 
two nucleoli, are not remarkable. (* 7,500.) (Courtesy of Prof. Claude Gompel, Brussels, 
Belgium.) 
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Electron Microscopy 
Transmission electron microscopic studies of human endometrium in various phases of the 
cycle were carried out by several investigators. In the proliferative phase, the glands are 
composed of columnar cells, some ciliated, resting on a basement membrane. These cells have 
no distinguishing features (Fig. 8-13). The secretory phase is accompanied by a rapid formation 
of deposits of glycogen, which is the chief product of the glandular cells. Accumulation of 
glycogen and glycoproteins in the secretory phase is accompanied by formation of large 
mitochondria with peculiar cristae arranged in parallel fashion (Fig. 8-14) (Gompel, 1962, 1964). 
Scanning electron microscopic studies disclosed some differences between the epithelium 
of the endometrial surface and that of the endometrial glands. The endometrial surface 
epithelium shows few cyclic changes. The cells produce cilia and show relatively little secretory 
activity during the secretory part of the cycle. The epithelium lining the endometrial glands 
during the proliferative phase shows an intense production of cilia and microvilli. During the 
secretory 
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phase, the formation of cilia is inhibited, and, under the influence of progesterone, there is 
conversion of the glandular cells to the secretory function (Ferenczy, 1976; Ferenczy and 
Richart, 1973). 




Figure 8-14 Electron micrograph of secretory endometrium. Glycogen deposit (G), 
seen as an accumulation of black granules, and large mitochondria (M) with parallel cristae 
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are well in evidence, (x 18,500.) (Courtesy of Prof. Claude Gompel, Brussels, Belgium.) 



NORMAL CYTOLOGY OF THE UTERUS DURING CHILDBEARING AGE 

Cells Originating from Normal Squamous Epithelium 
Superficial Squamous Cells 

During the childbearing age of a normal woman, the bulk of cells observed in cervicovaginal 
smears originate from the superficial zone of mature squamous epithelium. Although several 
varieties of cells may originate from the surface of the squamous epithelium, the term 
superficial squamous cells is reserved for large polygonal cells possessing a flat, delicate, 
transparent cytoplasm and small, dark nuclei, averaging about 4 pm in diameter (Figs. 

8-1 5AB). The diameter of the superficial squamous cells is approximately 35 to 45 pm but 
somewhat smaller, or more often, larger cells may occur. The polygonal configuration of these 
cells reflects the rigidity of the cytoplasm, caused by the presence of numerous bundles of 
tonofibrils (intermediate filaments) seen in transmission electron microscopy (see previous). 

Scanning electron microscopy emphasizes the irregular configuration of these cells (Fig. 8-16). 

The flat surface, provided with microridges, shows a knoblike elevation of the spherical 
nucleus. 

In well-executed Papanicolaou stains, the cytoplasm of the majority of the superficial cells 
stains predominantly a 
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delicate pink. This staining property reflects the chemical affinity of the cytoplasm for acid 
dyes such as eosin; hence, the term eosinophilic, or a less frequently used term, acidophilic 
cytoplasm. Dryness and exposure to air tend to enhance the eosinophilic properties of cells. 

The cytoplasm of the superficial cells may, at times, stain a pale blue, reflecting a slight affinity 
for basic dyes such as hematoxylin. Intense blue staining (cyanophilia) of the cytoplasm of 
superficial cells should not be seen in Papanicolaou stain, although it may be seen with other 
staining procedures such as the Shorr's stain (see Chap. 44). 




368 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



8 - The Normal Female Genital Tract 



Figure 8-15 Superficial and intermediate squamous cells. A Mature squamous cells 
with tiny, pyknotic nuclei, surrounded by a narrow clear zone. Some of the cells contain 
small, dark, brown cytoplasmic granules. B. Superficial and intermediate squamous cells, 
the latter with blue cytoplasm and larger, vesicular nuclei. C. “Polka dot cell.” A poorly 
preserved superficial squamous cell at higher magnification, showing brown granules of 
various sizes in the cytoplasm. D. Nuclear bar (arrow) in intermediate squamous cell. 



Small, dark brown cytoplasmic granules are often visible, usually in a perinuclear location 
but, occasionally, they are also present in the periphery of the cytoplasm (see Fig. 8-1 5A). 

Masin and Masin (1964) documented that the granules contain lipids and that their presence is 
estrogen dependent. Occasionally, larger, spherical, pale brown inclusions of variable sizes 
may be observed in the cytoplasm of the superficial squamous cells, which have been named 
polka-dot cells (Fig. 8-1 5C). The nature of these inclusions is unknown. Some observers 
consider such cells to be an expression of human papillomavirus (HPV) (summary in DeMay, 

1996). In our experience, such inclusions are uncommon and occur mainly in poorly preserved 
or degenerated squamous cells. The polka dot cells do not correspond to any known disease 
state, a view also shared by Schiffer et al (2001). Superficial squamous cells with vacuolated 
cytoplasm, resembling fat cells, have also been considered by some as reflecting HPV 
infection. In our experience, such cells are usually the result of treatment by radiotherapy or 
cautery (see Chap. 18). 

The superficial squamous cells are the end-of-the-line dead cells and this is reflected in their 
small nuclei, which are pyknotic, that is, the nuclear material has become condensed and 
shrunken. A narrow clear zone often surrounds the condensed nucleus, indicating the area 
occupied by the nucleoplasm before shrinkage (see Fig. 8-1 5AB). Sometimes the nuclear 
chromatin may be fragmented and broken into small granules, suggestive of karyorrhexis and, 
hence, apoptosis (see Chap. 6). Upon close inspection of such cells, minute detached 
fragments of nuclear material may be seen in the vicinity of the main nuclear mass. In phase 
microscopy, the pyknotic nuclei display a characteristic reddish hue. 

Since complete maturity of the epithelium can rarely occur in the absence of estrogens, 

nuclear pyknosis in mature 
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superficial cells constitutes morphologic evidence of estrogenic activity. This feature is 
of value in the analysis of hormonal status of the patient (see Chap. 9). 
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Figure 8-16 Scanning electron micrograph of a cluster of superficial squamous cells from 
the uterine cervix. The flat surface of the cells provided with microridges and a knoblike, 
elevated nucleus may be seen. More prominent ridges mark the cell junctions. 
(Approximately * 2,500.) (Courtesy of Dr. Ralph Richart, New York, NY.) 



Intermediate Squamous Cells 

The intermediate-type cells are of the same size as the superficial cells or somewhat smaller. 
Their cytoplasm is usually basophilic (cyanophilic) and occasionally somewhat more opaque in 
the Papanicolaou stain, although eosinophilic cells of this type may occur. The chief 
difference between the superficial and the intermediate cells lies in the structure of 
the nucleus; the nuclei of the intermediate cells measure about 8 pm in average diameter, are 
spherical or oval, with a clearly defined nuclear membrane surrounding a well-preserved 
homogeneous, faintly granular nucleoplasm. Chromocenters and sex chromatin may be 
observed within such nuclei. The term vesicular nuclei is applied to define this type of nuclear 
configuration. 

It is not uncommon to observe in the nuclei of normal intermediate cells nuclear grooves or 
creases in the form of straight or branching dark lines (review in Payandeh and Koss, 2003). In 
some cases, chromatin bars with short lateral extensions (caterpillar nuclei), are observed 
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along the longer axis of oval nuclei (Fig. 8-1 5D). Such bars are commonly observed in the 
nuclei of squamous cells in oral and conjunctival smears, discussed in Chapters 21 and 41. 

Kaneko et al (1998) suggested that the nuclear creases or bars represent an infolding of the 
nuclear membrane but the mechanism of their formation remains unknown. It has been 
documented that the presence or frequency of nuclear grooves is not related to either 
inflammatory or neoplastic events (Payandeh and Koss, 2003). 

A variant of the intermediate cells is the boat-shaped navicular cell (from Latin, navis = 
boat). These approximately oval-shaped cells store glycogen in the form of cytoplasmic 
deposits that stain yellow in Papanicolaou stain, and push the nucleus to the periphery (see 
Figs. 8-27B and 8-31A). The navicular cells are commonly seen in pregnancy and may be 
observed in early menopause (see below). 

It must be emphasized that, under a variety of physiologic and pathologic circumstances 
(pregnancy, certain types of menopause, hormonal deficiencies, inflammation), the squamous 
epithelium of the female genital tract may fail to reach full maturity. In such cases, the 
intermediate, or sometimes even parabasal cells, form the epithelial surface and become the 
preponderant cell population in smears (see below and Chap. 9). 

Physiologic Variations of the Superficial and Intermediate Squamous Cells 
Cytoplasmic folding, often accompanied by clumping of cells is a normal phenomenon 
occurring during the last third of the menstrual cycle, prior to the onset of menstrual bleeding. 
Cytoplasmic folding may also occur during pregnancy (see below). Folding and clumping are 
often accompanied by lysis of the cytoplasm (cytolysis) caused by lactobacilli (see below; see 
also Fig. 8-31 B). 

The superficial and intermediate cells may form tight whorls or “pearls” in which the cells are 
concentrically arranged, in an onion-like fashion (Fig. 8-17A.B). The 
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whorls are often interpreted as reflecting estrogenic effect, but the proof of this is lacking. This 
must be differentiated from a similar arrangement of cells with abnormal nuclei, occurring in 
squamous carcinoma (see Chap. 11). An elongation of the intermediate cells, resulting in a 
spindly shape, has been observed at times (Fig. 8-1 7C). Such cells may somewhat resemble 
smooth-muscle cells (see Fig. 8-36). The identification of spindly squamous cells is facilitated in 
the presence of transitional forms of these cells, as shown in Figure 8-1 7C. Benign spindly 
squamous cells must also be differentiated from similarly shaped cancer cells with abnormal 
nuclei (see Chap. 11). 
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Figure 8-17 Benign squamous pearls and spindly squamous cells in cervical 
smear. A. Note the small nuclei in the whorls of keratin-forming cells. B. Cervix biopsy from 
the same patient showing pearl formation within the benign squamous epithelium (arrow). 
C. Spindly small intermediate squamous cells. Note normal nuclei. 



Parabasal Cells 

The parabasal squamous cells vary in size and measure from 12 to 30 pm in diameter. The 
nuclei are vesicular in type and similar to the nuclei of intermediate squamous cells. The 
frequency of occurrence and the morphologic presentation of parabasal squamous cells in 
cervicovaginal smears depend on the technique of securing the sample. 

In vaginal pool smears obtained by a pipette or a blunt instrument, spontaneously 
exfoliated parabasal cells occur singly and are usually round or oval in shape, with 
smooth cytoplasmic borders (Fig. 8-1 8A). The cytoplasm is commonly basophilic 
(cyanophilic) and occasionally contains small vacuoles. Exposure to air and dryness may cause 
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cytoplasmic eosinophilia. The nuclei are usually bland and homogeneous. This appearance 
of parabasal cells results from contraction of the cytoplasm following cell death and breakage 
of desmosomes that occurred prior to desquamation. Few cells of this type are seen in normal 
smears from women in their 20s and early 30s, but the number increases in women more than 
35 years of age. Such cells may become the dominant cell type in postmenopausal 
women with epithelial atrophy (see below). In the presence of inflammatory processes 
within the vagina or the cervix with resulting damage to the superficial and intermediate layers 
of the squamous epithelium, the proportion of parabasal cells in smears may increase 
substantially (see Chap. 10). 

In direct cervical scrapes and brush smears, the proportion of parabasal cells is much 
higher than in vaginal pool smears. Such cells are derived from areas of immature squamous 
epithelium and areas of squamous metaplasia of the endocervical epithelium in the 
transformation zone and the endocervical canal. For further discussion of squamous metaplasia 
(see Chap. 10). In cervical scrape smears, such cells are trapped in streaks of endocervical 
mucus. In preparations obtained by endocervical brushes and in preparations obtained from 
liquid fixatives, the relationship of parabasal cells to endocervical mucus is lost. 

Parabasal cells forcibly dislodged from their epithelial setting by an instrument are 
often angular and have irregular polygonal shapes. Such cells occur singly, but often 
form flat clusters that vary in size from a few to several hundred cells. In clusters, such 
cells often form a mosaic-like pattern, in which the contours of the cells fit each other (Figs. 8- 
9D and 8-1 8B). The term metaplastic cells is often used to describe such cells, although their 
origin from squamous metaplasia is not always evident or secure. The reason for the angulated 
appearance of parabasal cells is the presence of intact desmosomes that bind the adjacent 
cells together. As the cytoplasm shrinks during the fixation process, the desmosomes are not 
affected and, consequently, the portions of the cytoplasm attached to the desmosomes stretch 
and become elongated, giving the cells an angulated appearance (see Fig. 8-1 8B). Thus, the 
angulated appearance of the parabasal cells of “metaplastic” type, whether occurring 
singly or in clusters, is a useful fixation artifact. 
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Figure 8-18 Parabasal and basal squamous cells. A. Parabasal cells from a 
cervicovaginal smear. Many of these small cells are spherical in shape, have a basophilic 
cytoplasm and spherical nuclei. B. Parabasal cells from a direct cervical sample. The 
angulated appearance of these cells suggests origin from the transformation zone. Such 
cells are usually classified as metaplastic. C. Basal cells in a brush specimen. A cohesive 
cluster of very small epithelial cells with very scanty cytoplasm and small nuclei of identical 
sizes. It may be assumed that these cells are basal squamous cells. The finding is 
uncommon. 



The nuclei of parabasal cells, which measure about 8 pm in diameter, show a fine network of 
chromatin, chromocenters, and, occasionally, very small nucleoli. When compared with 
superficial or intermediate cells, the nuclei of parabasal cells occupy a much larger portion of 
the total cell volume and, therefore, give the erroneous impression of being larger. I have not 
observed mitotic figures among normal parabasal cells in smears. 

The presence of parabasal cells in smears is of interest in defining an “adequate cervical 
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smear,” which is often judged by the presence of “metaplastic” cells derived from the 
transformation zone and the endocervical canal (for further discussion of smear adequacy, see 
end of this chapter). It is evident that when the transformation zone is readily accessible to 
sampling, as in women of childbearing age, it will be better represented in the smears than in 
older women (see Figs. 8-9D and 8-10). 

Basal Cells 

Because of their protected status, the basal cells are practically never seen in smears. If 
present, it may be safely assumed that a pathologic process or vigorous brushing has damaged 
the upper layers of the squamous epithelium, resulting in the appearance of these very small 
round or oval cells, resembling miniature parabasal cells. Their very scanty cytoplasm is 
basophilic but may become eosinophilic in dry smears (Fig. 8-1 8C). The nuclei are of the same 
size as those of the parabasal cells but, because of the small size of the cells, appear to be 
larger. The nuclei display fine chromatin structure with chromatin granules and, occasionally, 
tiny round nucleoli. The uncommon normal basal squamous cells should not be 
confused with small cancer cells that may be of similar size and configuration (see 
Chap. 11). 

Dendritic Cells and Langerhans Cells 

These cells have never been identified by us in normal smears, although their presence in the 
histologic sections of the squamous epithelium has been well documented, as previously 
described. 

Cells Originating from the Endocervical Epithelium 

In vaginal pool smears, the endocervical cells are relatively uncommon and rarely well 
preserved. In cervical smears obtained by means of instruments, particularly endocervical 
brushes, the endocervical cells are usually numerous and well preserved. When seen in 
profile, the endocervical cells are columnar and measure approximately 20 pm in length 
and from 8 to 12 pm in width (Fig. 8-1 9A). Shorter cells, of plump, more cuboidal configuration 
may also occur. The columnar endocervical cells may occur singly but, quite often, they are 
seen as sheets of parallel cells, arranged in a palisade (Fig. 8-1 9B). When the endocervical 
cells are flattened on the slide and are seen “on end,” they form tight clusters or plaques, 
wherein the cells form a tightly fitting mosaic resembling a honeycomb. In such plaques, the 
cell membranes form the partitions of the honeycomb and the centers are filled by clear 
cytoplasm surrounding the nuclei (Fig. 8-19A,C). The identification of such cells as 
endocervical is facilitated if columnar cells are present at the periphery of the cluster. 

The cytoplasm of endocervical cells is either finely vacuolated or homogeneous and faintly 
basophilic or distended by clear, transparent mucus that is pushing the nuclei toward 
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the narrow end of the cell. Some such cells may become nearly spherical in shape because of 
cytoplasmic distention by mucus. On the surface of the mucus-containing cells, small droplets 
or smudges of mucus may be observed. 
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Figure 8-19 Endocervical cells. A Two of the most characteristic presentations of 
endocervical cells in cervical smears are a strip of palisade-forming columnar cells with 
opaque cytoplasm and a cluster of such cells seen “on end,” forming a “honeycomb 
pattern” wherein the borders of adjacent cells are clearly seen. In the palisading cluster, 
the surface of the cells is topped with a pink layer of mucus. B. Higher-power view of 
endocervical cells with clear cytoplasm. Some of the nuclei contain tiny nucleoli. C. Aflat 
“honeycomb” cluster of endocervical cells with clear cytoplasm. The irregularly shaped 
nuclei show short, dense protrusions or “nipples.” 



The nuclei are spherical or oval, vesicular in configuration, with delicate chromatin filaments, 
often showing chromocenters and very small nucleoli. The nuclei may vary in size. The 
dominant size of the nuclei is about 8 pm in diameter but larger nuclei, up to 15 or 16 pm 
in diameter, are not uncommon. The variability of the nuclear sizes may reflect stages in cell 
cycle or other, unknown factors. Multinucleated cells may also occur (Fig. 8-20A). The fragile 
cytoplasm of the endocervical cells may disintegrate, with resulting stripped, or naked, nuclei, 



376 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 8 - The Normal Female Genital Tract 

usually of spherical or somewhat elliptical configuration (Fig. 8-20B). These nuclei may also 
vary in size and may be difficult to recognize, unless they are similar to, or identical with, the 
nuclei of adjacent better-preserved endocervical cells. Small intranuclear cytoplasmic 
inclusions in the form of clear areas within the nucleus may occur in endocervical cells (Fig. 8- 
20B). 

At the time of ovulation, and sometimes during the secretory (postovulatory) phase of the 
menstrual cycle, the nuclei of endocervical cells form intensely stained, dark, nipplelike 
protrusions of various sizes, up to 3 pm in length, that are an extension of the nucleus into the 
adjacent cytoplasm (see Figs. 8-1 9C and 8-20C). The protrusions appear mainly on the 
lumenal aspect of the nucleus, facing the endocervical lumen. Sometimes the protrusions are 
split in two. All stages of formation of the protrusions may be observed, ranging from a 
thickening of the nuclear membrane to protrusions growing in size. In nuclei with fully developed 
protrusions, the remainder of the nucleus is usually less dense and transparent, suggesting that 
there has been a shift of the chromatin to the protrusion. The mechanism of formation and the 
nature of the protrusions are the subject of a considerable debate. Taylor (1984) thought that 
the protrusions occurred mainly in ciliated endocervical cells and that their formation was 
the result of high ciliary activity. McCollum (1988) observed the protrusions in women receiving 
the long-term contraceptive drug medroxyprogesterone, during periods of amenorrhea, when 
the estrogenic activity was low. McCollum thought that the protrusions represented an attempt 
at nuclear division arrested by progesterone and, therefore, consistent with events 
occurring at the onset of ovulation. Zaharopoulos et al (1998) studied the protrusions by a 
number of methods, including electron microscopy, cytochemistry, and in situ hybridization of X 
chromosome. These investigators observed the presence of nucleoli and single X 
chromosome within the protrusions and reported findings suggestive of formation of an 
abortive mitotic spindle attached to the protrusion, thus providing support to McCollum's 
suggestion that the protrusion represents an attempt at mitotic division. Although further studies 
may shed some additional light on this very interesting phenomenon, it is quite certain that the 
protrusions do not represent an artifact, as has been suggested by Koizumi (1996). It is of 
note that similar protrusions may be occasionally observed in histologic sections of the 
endocervix during the secretory phase of the cycle and in epithelial cells of various origins, 
for example, in bronchial epithelial cells and in duct cells of the breast obtained by aspiration 
(see Chaps. 19 and 29). Zacharopoulos et al observed similar nuclear protrusions in occasional 
nonepithelial cells, suggesting that the phenomenon 



is of a general nature and clearly worthy of further studies. 
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Figure 8-20 Nuclear variants of endocervical cells. A. Multinucleated cells. B. Stripped 
nuclei. Note intranuclear clear inclusions. C. Nipple-like projections and intranuclear 
vacuoles. D. Ciliated endocervical cells. The nuclei of these cells are often somewhat 
larger and stain darker than the nuclei of other endocervical cells. ( B : High magnification.) 



Ciliated Endocervical Cells 

Endocervical cells showing recognizable cilia, supported by a terminal plate, are fairly 
frequent, particularly in brush specimens from the upper (proximal) segments of the 
endocervical canal. The nuclei of such cells are sometimes larger than average and somewhat 
hyperchromatic (Fig. 8-20D). The presence of the ciliated cells has been interpreted by some 
as evidence of tubal metaplasia, an entity that is discussed in Chapter 10. 

Hollander and Gupta (1974) were the first to report the presence of detached ciliary tufts in 
cervicovaginal smears (Fig. 8-21A). This very rare event, occurring in about onetenth of 1 
percent of smears, cannot be correlated with time of cycle or age of patients. The ciliary tufts 
are fragments of ciliated endocervical cells, although sometimes their origin from the 
endometrium, or even the fallopian tubes, cannot be excluded. Next to detached ciliary tufts, 
remnants of the cell body with pyknotic nuclei may sometimes be observed (Fig. 8-21 B). The 
phenomenon is similar to ciliocytophthoria, which was described by Papanicolaou in ciliated 
cells from the respiratory tract (see Chap. 19). So far, there is no evidence that the detached 
ciliary tufts in cervicovaginal smears are related to a viral infection, which may be the cause of 
ciliocytophthoria in the respiratory tract, and the mechanism of their formation is not clear. 

The tiny basal cells of the endocervical epithelium have never been identified by us with 
certainty in normal smears although, undoubtedly, they should occur in energetic endocervical 
brush specimens. 

Endocervical Cells and the Menstrual Cycle 

The changes in the consistency of the cervical mucus during the menstrual cycle were 
mentioned above and will be discussed again below in the assessment of ovulation in Chapter 
9. It was suggested by Affandi et al (1985) that the morphology of the endocervical cells follows 
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the events in the cell cycle. In the proliferative (preovulatory) phase, the cytoplasm of the 
endocervical cells in sheets is opaque and scanty and the nuclei are closely packed together. In 
the secretory (postovulatory) phase of the cycle, the cytoplasm is distended with clear mucus, 
the nuclei show degeneration (which, to this writer, appear to reflect the “nipple” formation 
described above), and, in cell sheets, are separated from each other by areas of clear 
cytoplasm. Affandi et al suggested that these differences in endocervical cell morphology in 
smears may be used to determine the occurrence of ovulation as reliably as endometrial 
biopsies. Affandi's observations have not been tested (see Chap. 9). 
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Figure 8-21 A. Detached ciliary tuft, cervical smear. B. Detached ciliated fragments of 
endocervical cells, next to residual cell fragments with pyknotic nuclei ( arrows ) 
(ciliocytophthoria). (A Courtesy of Dr. David Hollander, Baltimore, MD; from Hollander DH, 
Gupta PK. Detached ciliary tufts in cervicovaginal smears. Acta Cytol 18:367, 1974.) 



Cells of Normal Endometrium 

The recognition and the presentation of endometrial cells vary according to the types of 
smears. By far, the best medium of analysis of the endometrial cells is the vaginal smear, 
which, unfortunately, has fallen out of fashion in recent years. The presence and the 
identification of endometrial cells in cervical smears, particularly those obtained by brush 
instruments, is less reliable and less frequent. 

In cervical smears, the presence of endometrial cells during the childbearing age is closely 
related to the phases of the menstrual cycle. Such cells are common during the menstrual 
bleeding and for a few additional days as the endometrial cells are expelled from the uterine 
cavity. The upper limit of normal is the 1 2th day of the cycle. The finding of endometrial cells 
in either vaginal or cervical smears, after the 12th day of the cycle, must be 
considered abnormal (for further discussion of the clinical significance of this finding, see 
Chap. 13). 

At the onset of the menstrual bleeding, sheets of small endometrial cells surrounded by blood 
and cell debris may be observed (Fig.8-22A). Easier to recognize are approximately spherical 
or oval cell clusters of variable sizes, wherein one can usually identify a central core made 
up of small, elongated, tightly packed stromal cells and, at the periphery, the much larger, 
vacuolated glandular cells. The latter are sometimes arranged in a rather orderly, concentric 
fashion around the core of stromal cells (Fig. 8-22B). 
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Endometrial stromal cells, not accompanied by glandular cells, are extremely difficult to 
identify during the first 3 or 4 days of the cycle. However, during the latter part of the menstrual 
flow, usually past the 5th or 6th day of the cycle, the endometrial stromal cells may be 
recognized as small cells with phagocytic properties, resembling miniature 
macrophages, often surrounding endometrial cells, singly and in clusters Fig. 8-22C.D). On 
close inspection, the small cells, about 10 to 12 pm in diameter, are of irregular shape, their 
cytoplasm is delicate, either basophilic or eosinophilic, and the small nuclei are spherical or 
kidney-shaped and bland. Miniscule particles of phagocytized material may be found in the 
cytoplasm. These cells may be so numerous that Papanicolaou referred to them as the 
exodus. The close relationship between endometrial cells and the miniature macrophages 
suggested to Papanicolaou that the latter may be of endometrial stromal origin. Supporting 
evidence for phagocytic properties of endometrial stromal cells in tissue culture was provided 
by Papanicolaou and Maddi (1958, 1959). 

Endometrial cells at mid-cycle appear as clusters of endometrial glandular cells, not 

accompanied by stromal cells (Fig. 8-23AB). Such clusters are usually less compact and the 
peripheral cells are often loosely attached and may become completely detached. These 
clusters offer a good opportunity to study individual glandular endometrial cells, which vary 
in size from 10 to 20 pm, have a basophilic cytoplasm, are round or elongated, and often 
contain one or more cytoplasmic vacuoles of variable sizes. The nuclei in such cells are 
spherical, inconspicuous, opaque or faintly granular, measuring about 8 to 10 pm in diameter, 
and are sometimes provided with very small nucleoli. The size of the normal nuclei should be 
no larger than the size of the nuclei of intermediate or parabasal squamous cells, which are 
commonly present in smears. The cytoplasmic vacuoles may displace and compress the 
nucleus to the periphery of the cell. In poorly preserved, degenerated cells, the vacuoles may 
sometimes be distended and conspicuous. Occasionally, the vacuoles may be infiltrated by 
polymorphonuclear leukocytes. The differentiation of single endometrial cells from small 
macrophages is, at times, difficult, if not impossible. However, macrophages, as a rule, do not 
form clusters. The role of macrophages in the diagnosis of endometrial abnormalities is 
discussed in Chapter 13. Endometrial stromal cells at mid-cycle are very difficult to 
recognize because of their small size, unless found in the company of larger, endometrial 
glandular cells. Occasionally, the stromal cells show mitotic activity (Fig. 8-23C). 

Endometrium in Smears of Women Wearing Intrauterine Contraceptive Devices 

As has been stated above, the presence of endometrium in cervicovaginal smears, after the 
12th day of the cycle, is 
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abnormal and must be a cause for concern. This matter is further discussed in Chapter 13 in 
reference to endometrial carcinoma. An important exception to the rule may be observed in 
wearers of intrauterine contraceptive devices (IUD), which may cause endometrial shedding, 
predominantly at mid-cycle. The clusters of endometrial glandular cells in smears are 
essentially similar in appearance to those shed during normal menstrual bleeding. Sometimes, 
however, the clusters are made up of cells with slightly atypical nuclei (Fig. 8-23D). The nuclei 
may be slightly hyperchromatic and granular but are generally of normal size. Knowledge of 
clinical history is essential in the correct interpretation of such findings. Other findings in IUD 
wearers are described in Chapter 13. 
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Figure 8-22 Endometrium in menstrual smears. A Day 1 of bleeding: a cluster of 
endometrial cells in a background of blood, squamous cells, and debris. B. Day 6 of 
bleeding: typical spherical cluster of endometrial cells with the core formed by stromal cells 
and the periphery by poorly preserved large glandular cells. C. Exodus. Numerous small 
macrophages (modified stromal cells) surrounding a typical spherical cluster of endometrial 
cells. D. Exodus. Typical spread of small macrophages with vacuolated cytoplasm. Mitoses 
may occur, as shown in this photograph (arrow). 



Endometrial Cells in Endocervical Brush Specimens 

Vigorous brushing of the upper reaches of the endocervical canal may result in inadvertent 
sampling of the endometrium. As shown in Figure 8-24A the recognition of endometrial cells 
under the scanning power of the microscope, may present significant difficulties. The 
endometrial cells may be mistaken for cells of an endometrial adenocarcinoma, 
particularly if they contain nucleoli (see Fig. 8-23B). The recognition is easier if entire tubular 
glands are present (Fig. 8-24B). The most significant problems occur when thick sheets of 
endometrial cells (Fig. 8-24C,D) are observed. Clusters of small stromal cells may be mistaken 
for malignant cells derived from a small-cell type of high-grade squamous neoplastic lesion 
(HGSIL), as discussed and illustrated in Chapter 11. The differentiation of the endometrial cells 
from endocervical cells is usually based on cell size with the endometrial cells being much 
smaller. Also, the endometrial cells show much less variability in nuclear sizes and lack 
intranuclear cytoplasmic inclusions, which are fairly frequent in endocervical cells (see Fig. 8- 
20B). 

Determination of Phases of the Menstrual Cycle in Endometrial Samples 

Endometrial smears obtained by direct sampling are a cumbersome and not always reliable 
means of determining the stage of the cycle, although the task may be somewhat easier with 
adequate brushing and liquid fixation, wherein differences between the phases of the cycle can 
be observed, as described above. Still, a combination of cervicovaginal smears and 
endometrial biopsies is simpler and more informative. The use of direct endometrial samples in 
the diagnosis of early endometrial carcinoma is discussed in Chapter 13. 
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Figure 8-23 Endometrial cells at mid-cycle. A Acluster of small endometrial glandular 
cells with vacuolated cytoplasm. Some of the nuclei show tiny nucleoli. In one cell, the 
accumulated secretions (glycogen) push the flattened nucleus to the periphery of the cell. 
B. Cluster of endometrial glandular cells showing vacuolated cytoplasm in an endocervical 
specimen. Tiny nucleoli may be observed in some cells. C. Endometrial stromal cells. 
Loose cluster of small cells, some with elongated pale cytoplasm. The somewhat 
elongated nuclei are finely granular. Such cells are difficult to identify, unless accompanied 
by endometrial glandular cells. D. Small cluster of endometrial glandular cells from a 27- 
year-old patient wearing an intrauterine contraceptive device (IUD). Note the clear 
vacuolated cytoplasm. 



CYCLIC CHANGES IN CERVICOVAGINAL SMEARS 

Diagnostic cytology, as we know it today, was the outgrowth of an investigation of hormonal 
changes of the vaginal epithelium by Stockard and Papanicolaou (1917). As has been stated 
above, the vaginal squamous epithelium depends on estrogens for maturation and the 
microscopic examination of changes, occurring in squamous cells, is the principle of hormonal 
cytology, discussed in detail in Chapter 9. The vagina of rodents is the ideal target of such 
investigations. The squamous epithelium undergoes significant and readily defined light 
microscopic changes during the phases of the menstrual cycle, described by Papanicolaou in 
smears obtained by means of a small glass pipette. His studies of the menstrual cycle in 
vaginal smears of women led to the incidental discovery of cancer cells, as described in 
Chapter 1 . The cyclic changes in the vaginal squamous epithelium of the menstruating woman 
are much less striking than in rodents. In fact, in many women, the estimation of the time of the 
cycle, based on the appearance of the squamous cells is, at best, only approximate. As 
described in Chapter 9, the most secure way to determine the cyclic changes is in a smear 
obtained by scraping the lateral wall of the vagina at some distance from the uterine cervix. Still, 
some information on the hormonal status of the woman can be obtained by studies of routine 
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cervical smears. The ideal sequence of cyclic changes, described below, is not too frequent. 

Numerous factors, including inflammatory changes, may account for deviations from the normal 
cycle. 

As has been described above in reference to the cyclic changes in the endometrium, the first 
part of the menstrual cycle until ovulation (days 1 to 12 or 13), is governed by estrogens. 

Following ovulation, the events in the cycle are governed by progesterone (see Fig. 8-11). The 
effect of these hormones is reflected in squamous cells in cervicovaginal smears. The changes 
are described for a cycle of 28 days duration. 



Days 1 to 6 

The first day of menstrual bleeding is customarily considered the first day of the cycle. During 
the first 5 days of the cycle, the smears are characterized by the presence of blood, 
desquamated endometrial cells, singly and in clusters, and 

polymorphonuclear leukocytes. The squamous cells of intermediate type dominate. 
Such cells form clumps and their cytoplasm is folded and degenerated. On the 4th or 5th 
day, the squamous cells begin to show less clumping and a better cytoplasmic preservation. 



P.204 




Figure 8-24 Endometrial cells in endocervical brush specimens. A-C. Typical 
presentation of endometrial cells at scanning magnification. In A, a cluster of glandular 
cells, also shown in Figure 8-23B. In B, typical endometrial tubular glands and stroma are 
easy to recognize. In C, a sheet of squashed endometrial glands. D. Higher-power view of 
the periphery of the cell cluster shown in C. The tiny endometrial stromal cells are much 
smaller and lack the cytoplasm of the endocervical cells (cfr. Fig. 8-19). These cells may be 
confused with neoplastic small cells from a high grade squamous intraepithelial neoplasia 
(see Chap. 12). 



Days 6 to 13 or 14 

During the 6th and 7th days, there is a gradual disappearance of blood. Endometrial cells in 
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well-preserved clusters, accompanied by large numbers of small macrophages (transformed 
stromal cells, exodus), may be observed up to the 10th or even 12th day (see Fig. 8-22C). 

From the 6th or 7th day on, the squamous cells are predominantly of the basophilic 
intermediate variety with vesicular nuclei. Gradually, the basophilic cells are replaced by 
mature, flat eosinophilic superficial cells, characterized by small pyknotic nuclei and 
transparent flat eosinophilic cytoplasm (see Fig. 8-1 5AB). These cells predominate in vaginal 
smears at the time of ovulation, between the 12th and the 14th day. At this time, small nipple- 
like nuclear protrusions may occasionally be seen in the endocervical cells (see Fig. 8- 
20C). The thick cervical mucus forms fern-like crystalline structures that vanish just prior 
to ovulation, when the mucus becomes liquid. 

Days 14 to 28 

Following ovulation, cytoplasmic folding may be noted in the superficial squamous cells. The 
proportion of intermediate squamous cells gradually increases, indicative of a reduced 
level of maturation of the squamous epithelium under the impact of progesterone. As the time of 
menstrual bleeding approaches, the intermediate cells form clusters or clumps. With the 
approach of menstrual bleeding, there is a marked increase in lactobacilli, resulting in 
cytolysis of the intermediate cells. The cytolysis results in “moth-eaten” cell cytoplasm, nuclei 
stripped of cytoplasm (naked nuclei) in a smear with a background of cytoplasmic debris 
(“dirty” type of smear) (see Chap. 10). This appearance of the smear persists until the new 
cycle begins with the onset of the menstrual bleeding. 

Cyclic Changes in Direct Endometrial Samples 

Additional information pertaining to the status of the endometrium may be obtained by means of 
direct endometrial 
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sampling by various methods (see Chap. 13). Some of the newer methods of endometrial 
sampling, such as collection of the material obtained by direct brushings in liquid media and 
processing of the material in the form of cytospins, have been described by Maksem and 
Knesel (1995). In ideal material, stages of cell cycle may be recognized. 




Figure 8-25 Direct endometrial smears in late proliferative (A) and secretory (B) 
phases of menstrual cycle. Both smears show glandular cells that are densely packed. 
Mitotic activity is evident in the proliferative phase (A)\ cells have more abundant cytoplasm 
in the secretory phase ( B ). 



384 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 8 - The Normal Female Genital Tract 

In the proliferative phase, the cuboidal glandular cells form honeycomb clusters, 

characterized by spherical nuclei, varying somewhat in size. Small nucleoli and occasional 
mitotic figures may be observed (Fig. 8-25A). In good preparations, whole tubular glands and 
stroma may be observed. The stroma is composed of small spindly cells. During the secretory 
phase, the glandular cells are somewhat larger because of more abundant vacuolated 
cytoplasm (Fig. 8-25B). In good preparations, whole convoluted glands and somewhat larger 
stromal cells may be observed. The differentiation of the nuclei of the glandular cells from 
those of stromal cells is rarely possible. In fact, all the nuclei appear so similar that they very 
strongly suggest a common origin of both types of cells. 

Determination of ovulation should never be attempted on direct endometrial samples. The 
method causes significant discomfort to the patient, it is costly, and not particularly accurate. 

THE MENOPAUSE 

The menopause is caused by the cessation of cyclic ovarian function, resulting in the arrest 
of menstrual bleeding. The onset of the menopause is rarely sudden, the changes are usually 
gradual and may stretch over a period of several years, with gradual reduction in duration and 
frequency of the menstrual flow. The age at which complete menopause occurs varies. As a 
part of a project on detection of occult, asymptomatic endometrial carcinoma (Koss et al, 1984), 
information was obtained on the age of onset of the menopause in 2063 women (Table 8-1). It 
may be noted that it is quite normal for 50% of the American women to continue menstruating 
up to the age of 55 and even beyond. The significance of delayed menopause as a possible 
risk factor for endometrial carcinoma is discussed in Chapter 13. 

Clinical and cytologic menopause do not necessarily coincide. Occasionally, a patient 
who is still menstruating regularly presents the cytologic image of early menopause. 

Conversely, at least 30% of the women who have entered their clinical menopause, may display 
a smear pattern reflecting varying degrees of ongoing hormonal activity and may even reveal 
some cyclic changes. 

The most important manifestations of the menopause are associated with reduced production 
of estrogen, although other complex changes in the endocrine balance are known to occur. 

The ovaries, the principal source of estrogen, become scarred and hyalinized without any 
remaining evidence of ovogenic activity. Because of estrogen deficiency, there is a cessation of 
endometrial proliferation with resulting endometrial atrophy. The endometrium becomes very 
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thin. Scanty endometrial glands, some of which are enlarged and cystic, are seen within a 
depleted stroma (Fig. 8-26A). 



TABLE 8-1 ONSET OF MENOPAUSE IN A COHORT OF 2,063 NORMAL WOMEN* 


Age in Years at Onset of 


Number in 




Menopause 


Group 


% of Cohort 


<39 


43 


2.0 


40-44 


138 


6.7 
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45-49 


789 


38.2 


50-55 


1,031 


50.0 




62 


3.0 




Total 2,063 


99.9 (rounded to nearest 






decimal point) 



From Koss et al. Obst Gynec 64:1-11, 1984. 




Figure 8-26 Postmenopausal atrophy of endometrium (A) and of squamous 
epithelium ( B ). A Dispersed small glands in fibrotic stroma. B. The number of cell layers 
is reduced and there is lack of surface maturation. 



Gradual estrogen depletion will also result in gradual arrest of maturation of squamous 
epithelium, with gradual loss of the superficial cell layers. In the final stages of atrophy, the 
surface of the squamous epithelium is composed of parabasal cells (Fig. 8-26B). The 
endocervical epithelium also shows evidence of atrophy; the columnar endocervical cells are 
often more cuboidal in shape, and their cytoplasm becomes opaque. A complicating factor in the 
evaluation of the menopausal cytology is the cessation of the secretory activity of the 
endometrial and endocervical cells, with resulting dryness of the lower genital passages, 
primarily the vagina. In smears, dryness causes a number of artifacts, similar to air drying of 
the smear, described below. In the absence of protective layers of the superficial squamous 
cells and because of dryness, the epithelium of the lower genital tract offers little resistance to 
bacterial invasion, resulting in vaginitis and cervicitis. In the presence of inflammation, the 
surface of the squamous epithelium becomes ragged and parabasal cells may be observed 
desquamating directly from the loose surface. The resulting inflammatory changes still further 
obscure the cytologic pattern, resulting in cell images that may mimic cancer. Indeed, 
recognition of cancer cells in atrophic postmenopausal smears may occasionally present 
substantial difficulties. 
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TABLE 8-2 VAGINAL SMEAR PATTERNS IN MENOPAUSE BASED ON EXAMINATION 

OF 1,100 CASES 

Duration of Estrogenic (Early Intermediate 

Menopause Menopausal Pattern) (“Crowded” Pattern) Atrophic 

2-10 years 

599 cases 21% 55% 24% 

1 0 years or 
more 

512 cases 14% 49% 37% 

Stoll P. Vaginal smears in the menopause. Acta Cytol 4:148-150, 1960. 



Basic Cytologic Patterns 

Three basic cytologic patterns of the menopause may be differentiated — early menopause, 
“crowded” menopause, and advanced or atrophic menopause. The distribution of the 
patterns is shown in Table 8-2. A sharp separation of the three postmenopausal smear patterns 
is not always possible in practice, since one pattern may merge into another. 

Early Menopause: Slight Deficiency of Estrogens 

The smears are essentially those of the childbearing age, except for a reduction in the 
proportion of superficial squamous cells. The smears are composed predominantly of 
dispersed intermediate cells, occasionally showing cytolysis, and some large parabasal cells. 

These cells contain vesicular nuclei of normal size, about 8 pm in diameter. Because of a 
generally smaller size of the squamous cells, however, it may appear to a casual observer that 
the nuclei are diffusely enlarged. This 
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smear pattern may be associated with diminishing, increasingly scanty menstrual flow or with 
cessation of menses. In many women, this smear pattern may persist for many years after the 
menopause and, perhaps, for life. It has been my impression that the smear patterns suggestive 
of persisting estrogen activity correlate positively with sexual activity of postmenopausal 
women. Women who lead an active sexual life after the menopause appear to be less likely to 
develop postmenopausal atrophy than sexually inactive women. This anecdotal observation 
has received ample support from a study by Leiblum et al (1983). 
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Figure 8-27 Cytologic patterns of menopause. A “Crowded” menopause. The smear is 
composed of large parabasal cells forming clusters. B. Navicular cells in crowded 
menopause. Note the boat-shaped cells containing yellow deposits of glycogen that may 
push the nuclei to the periphery. C. Atrophic smear pattern — nuclear enlargement type. The 
smear is composed of parabasal cells with seemingly enlarged pale nuclei. However, the 
nucleocytoplasmic ratio is not altered. There are scattered inflammatory cells in the 
background. D. Atrophic smear pattern, eosinophilic-pyknotic type. The smear is composed 
of small parabasal cells with eosinophilic cytoplasm. Nuclear break-up is evident in several 
cells. Note filaments of DNAin the background. 



“Crowded” Menopause: Moderate Deficiency of Estrogens 

This type of smear usually follows the smear of early menopause and is characterized by thick, 
crowded clusters of intermediate and large parabasal cells (hence, the name of this type 
of smear, proposed by Papanicolaou). The cells are well preserved and there is little, if any, 
dryness. Because of small size of the cells, their nuclei may appear to be relatively large but 

are of normal sizes (Fig. 8-27A). The cytoplasm frequently contains deposits of glycogen in the 

* 

form of yellow deposits, similar to navicular cells observed in pregnancy (Fig. 8-27B). 

Atrophic or Advanced Menopause 

The pattern of atrophic menopause appears to be invariably preceded by early or crowded 
menopause or both. There is always a stage of transition between the normal cycle and the 
advanced menopause, even if the latter was brought about by oophorectomy. The atrophic 
menopause represents a final stage of involution of the female genital tract. 
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The cytologic patterns of the advanced atrophic menopause are influenced by dryness of 
the genital tract and scarcity of recoverable cellular material, resulting in preparations 
that contain relatively few cells. The dominant squamous cells are of the parabasal type, 
although it is not uncommon to see a few scattered, more mature cells, evidently corresponding 
to nonatrophic areas of the squamous epithelium. Two main effects of dryness may be 
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observed. One is the uniform enlargement of the parabasal cells, accompanied by a 
characteristic uniform gray discoloration of the enlarged opaque nuclei (the nuclear 
enlargement type; Fig. 8-27C). The second pattern is marked eosinophilia of the 
cytoplasm accompanied by nuclear pyknosis and break-up of nuclei or karyorrhexis (the 
eosinophilic-pyknotic type; Fig. 8-27D). The two patterns may appear simultaneously. As a 
result of nuclear break-up, basophilic filaments of DNA are often seen in the background. In 
the smears of the eosinophilic pyknotic type, there may be a striking variation in size and 
shape of squamous cells. Sometimes perfectly normal superficial squamous cells may occur 
in such smears, next to small parabasal type cells (Fig. 8-28A). Sheets of spindly squamous 
cells, with elongated cytoplasm and relatively large and dark-staining nuclei, may make their 
appearance in atrophic smears, most likely an artifact of smear preparation (Fig. 8-28B). Such 
cell sheets may be mistaken for spindly cells of squamous carcinoma, even though their nuclei 
are not enlarged or otherwise abnormal (see Chap. 11). 
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Figure 8-28 Cytologic patterns of menopause. A Atrophic smear pattern with scattered 
mature superficial squamous cells. B. Spindly pattern of squamous cells — an artifact 
caused by dryness. Note normal nuclei. C. Aforeign body giant cell in a postmenopausal 
atrophic smear. Note phagocytized cell debris in the cytoplasm. D. Blue or purple 
amorphous bodies, either inspissated mucus or degenerated parabasal cells, in 
postmenopausal atrophy. 



The endocervical cells in cervical smears, even if obtained by brushes, are usually 
scarce or absent. When present, the endocervical cells are smaller than during the 
childbearing age, although their columnar or cuboidal configuration is still preserved. The 
nuclei, although of normal size, may appear somewhat hyperchromatic and the cytoplasm is 
scanty, opaque, and shows no evidence of secretory activity, except for an occasional vacuole. 



As a consequence of extensive cell necrosis, mono- or multinucleated macrophages, often 
containing fragments of phagocytized material, are commonly observed in atrophic smears (Fig. 
8-28C). Multinucleated macrophages may also be found in normal endometrial samples 
of postmenopausal women. These cells usually accompany scanty fragments of endometrial 
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glands and sparse stromal cells, corresponding to atrophic endometrium of the menopause. 

Round or oval globules of inspissated blue-staining material, probably mucus, about the 
size of parabasal squamous 
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cells, may appear in the late menopausal smears (Fig. 8-28D). Occasionally, the center of the 
globule is denser than the periphery and the structure may resemble a cell with a markedly 
hyperchromatic nucleus, mimicking a cancer cell. On close examination, the lack of actual 
structure within the globule is obvious and its true nature will be recognized. Such globules 
may, on rare occasion, be quite numerous in a vaginal smear and may result in an erroneous 
diagnosis of cancer. Some observers believe that the blue globules are not made up of 
inspissated mucus, but represent degenerated small parabasal cells (Ziabkowski and 
Naylor, 1976). This latter view is not sustained by convincing evidence. In any event, it is 
generally agreed that these structures are of no significance, except as a potential source of 
diagnostic error. 

Because of loss of the protective superficial layers of squamous epithelium, inflammatory 
processes are commonly seen in smears of this type. In the presence of vaginitis or 
cervicitis, the background of the smear may contain numerous leukocytes and cell debris 
(see Fig. 8-27C). The inflammatory patterns will be described in detail in Chapter 10. 

In some atrophic smears, nuclear pyknosis may be quite striking and may mimic the 
hyperchromasia of cancer cells. As is discussed in Chapter 1 1 , the nuclei of cancer cells in 
postmenopausal women are usually very large, irregular and often markedly hyperchromatic, 
whereas the pyknotic nuclei of advanced menopause are usually enlarged only in proportion to 
the size of the cell, with retention of the normal nucleocytoplasmic ratio. Still, in some cases, to 
document the presence of cancer cells may require administration of estrogen that will 
normalize the atrophic cell population and enhance the abnormal appearance of cancer cells. 

It has been the experience in this laboratory that the pronounced degenerative phenomena 
associated with atrophic menopause, resulting in cellular abnormalities, are usually observed in 
women whose vaginas have been free of outside contacts for prolonged periods of time. If the 
sampling is repeated within a few days, there is usually a striking improvement and sometimes 
there is a complete disappearance of abnormalities. 
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Figure 8-29 Cytology of prepubertal females. A Newborn female. Urine sediment 
contains mature squamous cells, presumably of vaginal origin. B. Vaginal smear from a 7- 
year-old girl with vaginal discharge. The epithelial squamous cells are of small parabasal 
type — resembling a postmenopausal smear. Marked inflammatory exudate is present in the 
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CYTOLOGY OF PREPUBERTAL FEMALES 

Much of our knowledge of the cytologic patterns of vaginal smears in infants and children is 
derived from work by Fraenkel and Papanicolaou (1938) and Sonek (1967, 1969). The optimal 
method of study is a vaginal smear obtained by means of a very small pipette. Urinary 
sediment may sometimes be successfully used for the study of hormonal levels in a very small 
child (see urocytogram, discussed in Chap. 9). 

In newborn infants, the squamous epithelium of the cervix and the vagina usually assumes the 
appearance of maturity under the influence of maternal hormones. The vaginal smears, or 
urinary sediments, in newborn infants are composed of superficial squamous cells comparable 
with those of women in the childbearing age (Fig. 8-29A). Within a few days after birth, the 
percentage of superficial cells drops in favor of small intermediate cells. This smear make-up 
changes within 2 weeks after birth by an increase in parabasal cells. After the 4th week of life, 
the smears are composed chiefly of parabasal cells (Fig. 8-29B). This smear type remains 
essentially unchanged until the approach of puberty, when there is a gradual maturation of the 
squamous epithelium of the genital tract. In the presence of an inflammatory process, the smear 
background may show leukocytes. 

There are several reasons for studying cell preparations from the prepubertal girl. 

The low squamous epithelium of the child, not unlike that of a postmenopausal woman, is 
susceptible to infections. Avaginal smear may be of assistance in the identification of the 
causative agent, such as Trichomonas vaginalis. Occasionally, it may be of interest to study the 
extent and the duration of the epithelial response to hormonal medication by vaginal 
smears. If the presence of an ovarian tumor with endocrine activity is suspected, the study 
of vaginal cytology is sometimes helpful in establishing the diagnosis. For instance, in the 
presence of feminizing tumors, 
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such as some of the granulosa cell tumors of the ovary, there may be maturation of squamous 
epithelium with a corresponding change in the smear pattern (see Chap. 15). Avaginal smear 
may also be helpful in the evaluation of various endocrine disorders (see Chap. 9). 

PREGNANCY AND ABORTION 

Pregnancy 

Pregnancy constitutes a major physiologic upheaval in the life of a woman. The sequence of 
events in pregnancy is beyond the scope of this book and the readers are referred to other 
sources for a comprehensive review of this complex subject. This brief summary will stress 
those morphologic changes that may have an impact on cytology of the female genital tract. 

Formation of Placenta 

A detailed account of the formation of the human placenta may be found in the book by Boyd 
and Hamilton (1970). Through proliferation of the external cells of the embryonal aniage, a 
placenta is formed within a few days following implantation. The placental villi are initially lined 
by trophoblastic cells; the outer layer of large, multinucleated syncytial cells 
(syncytiotrophoblasts) and the inner layers of mononucleated cytotrophoblasts (also known 
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as Langerhans' cells). By the 28th week of pregnancy, the cytotrophoblasts are reduced in 
number and the syncytial outer layer is the dominant lining of the villi. The placenta produces 
human chorionic gonadotropin (hCG) that can be used as a marker of cells derived from the 
placenta. 

Formation of Decidua 

The fertilization of the ovum takes place in the fallopian tube, whence the products of 
conception travel to the endometrial cavity, where the implantation takes place. At the site of the 
implantation, the cells of the endometrial stroma are transformed into decidual cells, which are 
large, eosinophilic, polygonal cells, with round, vesicular nuclei. The decidua, especially 
at the site of implantation of the ovum (decidua vera), carries the maternal vasculature, 
providing the fetus with necessary nutrients. Foci of decidua may occur within the cervix, 
where they may be confused with cancer in biopsy material (Fig. 8-30). 

The Effects of Pregnancy on the Epitheiia of the Cervix and Vagina 
In histologic material, the cytoplasm of the squamous epithelial cells becomes markedly 
distended with glycogen, giving the cells a vacuolated appearance. The surface of the 
epithelium is often formed by intermediate squamous cells. There is usually some enlargement 
in the size of the endocervical epithelial cells. The endocervical glands are structurally more 
complex as a result of the elongation of the individual branches and are often filled with mucoid 
material (see Fig. 8-30). An eversion of the endocervix with the presence of a rim of 
endocervical tissue around the external os is frequent. 
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Figure 8-30 Decidual changes in the uterine cervix. The sheet of large, decidual cells 
in the cervical stroma may be mistaken for cancer. The endocervical glands are distended 
and filled with secretions. 



Cytologic Manifestations of Pregnancy 
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Squamous Cells 

The effects of pregnancy on the squamous epithelium are frequently, but not always, reflected 
in vaginal smears after the 2nd month. These changes are characterized by clustering of 
intermediate squamous cells and the predominance of navicular cells, the latter defined 
by yellow cytoplasmic deposits of glycogen, displacing the nuclei to the periphery, and 
sharply defined, accentuated borders (Fig. 8-31A). In the later stages of pregnancy, extensive 
cytolysis of squamous cell cytoplasm by lactobacilli is not uncommon (Fig. 8-31 B). 

Von Haam (1961) estimated that only 60% to 77% of pregnant women show the pattern of 
navicular cells. Furthermore, it has been pointed out above that early menopause may result in 
a smear pattern closely resembling pregnancy. Thus, the presence of navicular cells is not 
diagnostic of pregnancy, but the condition may be suspected when numerous such cells are 
present in smears from young women of childbearing age with a history of amenorrhea. The 
final diagnosis of pregnancy must be rendered by means other than a cytologic preparation. 

Endocervical Cells 

Endocervical cells may appear in somewhat increased numbers in cervical smears and may be 
larger than normal; the cytoplasm is often mucoid, and the nuclei are prominent, granular, and 
may show small nucleoli. 

Uncommon Pregnancy-Related Findings 
Trophoblastic Cells 

Syncytiotrophoblasts are very rarely found in smears in normal pregnancy and are somewhat 
more frequent in smears preceding a spontaneous abortion. The cells are large, irregular, 
basophilic or eosinophilic, and contain a variable number of large, often hyperchromatic 
homogeneous nuclei of uneven sizes with a finely granular nuclear texture (Fig. 8-31C.D). 

Nearly identical cells may 
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be observed in choriocarcinoma, a malignant tumor derived from placental trophoblasts (see 
Chap. 18). Somewhat similar multinucleated cells may be seen in herpes simplex 
infection (see Chap. 10). It is questionable whether or not the mononucleated 
cytotrophoblasts may ever be correctly recognized in smears based on their morphology. 

Fiorella et al (1993) used a cocktail of antibodies to human chorionic gonadotropin (hCG) 
and human placental lactogen to identify syncytiotrophoblasts and cytotrophoblasts in 
smears during pregnancy. They could identify trophoblastic cells in 6 of 39 women and failed to 
observe any relationship of the presence of these cells with spontaneous abortion. It may be 
concluded from this study that cytotrophoblasts may sometimes occur in normal pregnancy but 
cannot be recognized without immunostaining. Frank and Bhat (1991) pointed out that residual 
trophoblastic tissue may persist for several months after delivery and may be the 
source of abnormal cells that may be confused with cancer. 
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Figure 8-31 Cytologic manifestations of pregnancy. A. Navicular squamous cells, 2nd 
month of pregnancy. Note the deposits of yellow material, pushing the nuclei to the side of 
the cell. B. Cytolysis. The squamous cells are reduced to nuclei surrounded by wisps of 
cytoplasm. The change is caused by lactobacilli. C,D. Cytotrophoblasts. Abortion in a 29- 
year-old woman. The striking large cells contain multiple homogeneous nuclei of variable 
sizes (compare with cells of choriocarcinoma in Chap. 18). 



Decidual Cells 

Decidual cells may be identified in cervical smears on those rare occasions when decidual 
changes occur in the uterine cervix. These are large mononucleated cells, occurring singly 
or in clusters, with abundant eosinophilic or basophilic, faintly vacuolated cytoplasm and 
prominent, centrally located vesicular nuclei containing identifiable nucleoli (Fig. 8-32). 
Occasionally, the nuclei of the decidual cells may be dense and hyperchromatic, 
particularly when derived from degenerating decidual tissue (Fig. 8-33). The decidual cells may 
be confused with cancer cells, as noted by Danos and Holmquist (1967), Schneider and Barnes 
(1981), and Pisharodi and Jovanoska (1995). Their recognition may be difficult in the absence 
of clinical history of pregnancy or amenorrhea and may require a biopsy for accurate diagnosis. 

Arias -Stella Phenomenon 

The abnormality, first described by Arias-Stella in 1954, is characterized by large cells with 
large, hyperchromatic nuclei located within the endometrial gland lining in the presence 
of products of conception or in ectopic pregnancy. Silverberg (1972) and Reyniak et al 
(1975) recorded the presence of Arias-Stella changes in endometrial glands, following 
curettage for interruption of pregnancy. The protruding large cells stand out among the normal 
endometrial cells (Fig. 8-34A). The great variability of the nuclear morphology was emphasized 
by Arias-Stella. Wagner and Richart (1968) reported that the Arias-Stella cells are polyploid 
(i.e., they contain a multiple of the normal amount of DNA). The mechanism 
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of their formation is unclear. Similar abnormalities may be observed in histologic sections of the 

endocervical epithelium (Schneider, 1981) (Fig. 8-34B), where they may be confused 



394 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



8 - The Normal Female Genital Tract 



with an adenocarcinoma (Cove, 1979). Schneider observed the endocervical Arias-Stella 
reaction in 9% of hysterectomy specimens obtained during pregnancy. Similar changes may 
be observed in the endocervical epithelium in women receiving contraceptive 
hormones with high progesterone content (see Chap. 18). The significance of such cell 
changes as a potential diagnostic pitfall in cytology was emphasized, notably by Albukerk 
(1974) and by Shrago (1977) and by Benoit and Kini (1996). The exact identification of the 
highly abnormal and rare Arias-Stella cells in cytologic material is still a matter for some debate. 
Through the courtesy of Dr. Albukerk, I was privileged to examine some of his material. Arias- 
Stella cells appear in smears as large cells with a single, large, somewhat 
hyperchromatic nucleus and a finely vacuolated cytoplasm (Fig. 8-34C). In another case of a 
29-year-old pregnant woman, we observed cells with large nuclei that were no longer present in 
postpartum smears (Fig. 8-34D). It was assumed that these were Arias-Stella cells. The cases 
recorded so far appear to be mainly related to ectopic pregnancy in which the products of 
conception do not prevent the shedding of such cells. Thus, the clinical history appears to be of 
critical diagnostic value in the assessment of such cells that otherwise may be readily mistaken 
for cancer cells. 
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Figure 8-32 Decidual reaction, cervical smear, 41-year-old pregnant woman. AB. 
Large cells of variable shapes with prominent nuclei containing conspicuous single or 
multiple nucleoli. C. Biopsy of a cervical polyp with decidual change in the stroma. (Case 
courtesy of Dr. N.W. Cunningham.) 



Cytologic Assessment of Pregnancy at Term 

During the 1950s, there was considerable interest in the application of the cytologic techniques 
in obstetrics, particularly with regard to the determination of pregnancy at term. With 
contemporary obstetrical techniques of fetal monitoring, the clinical value of these observations 
has diminished considerably. A brief account of the principal observations is appended for 
historical reasons. 

In 1955, Lemberg-Siegfried and associates, and, in 1958 Lichtfus et al reported that pregnancy 
at term is characterized by the following cytologic changes: 

■ Rapid reduction in the number of clusters of intermediate squamous cells 

■ Increase in single superficial squamous cells with eosinophilic cytoplasm (increase in the 
eosinophilic index) or pyknotic nucleus (increase in the karyopyknotic index; for definitions of 
indices, see Chap. 9). Lichtfus et al cautioned that this evaluation is valid only if the smear 
has been obtained from the lateral wall of the vagina in the absence of infection and before 
the rupture of fetal membranes 

Initially, these observations received wide support, particularly among European observers, but 
were subsequently seriously challenged. Abrams and Abrams (1962), Hindman et al (1962), 

Ruiz (1965), and Jing et al (1967) failed to observe the rapid transition of the prior-to-term 
pattern to the at-term pattern previously reported. In a very thorough study of serial smears 
obtained at weekly intervals from 135 antepartum patients, Abrams and Abrams failed to 
observe the at-term pattern in 66% of patients. In the remaining 34% of patients, the at-term 
pattern was observed but could not be correlated with the onset of labor. Since these authors 
meticulously followed the criteria of Lichtfus et al, it is clear that the value of cytologic 
techniques in defining pregnancy at term is debatable. 

Rupture of Fetal Membranes 

Rupture of fetal membranes results in spilling of amniotic fluid into the vagina. This fluid 
contains numerous anucleated squamous cells desquamated from the skin of the fetus (so- 
called vernix caseosa). Such cells maybe found in the 
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vaginal smear if it is obtained at the proper time. For further discussion of the cytology of 
amniotic fluid, see Chapter 26. 
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Figure 8-33 Degenerating decidua in cervical smears. A. Cells with hyperchromatic 
nuclei containing small nucleoli. B. Corresponding cervix biopsy showing degenerating 
decidua. 



The Postpartum Period 

During the postpartum period, there is often no evidence of estrogen activity and many women 
display an atrophic smear pattern with predominance of parabasal squamous cells. The 
views differ on the exact proportion of women with this smear pattern and the differences may 
be due to the techniques used. Butler and Taylor (1973), using a scrape smear of the lateral 
wall of the vagina, observed the atrophic pattern in only 28% of their population of postpartum 
women. McLennan and McLennan (1975), using a 
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mixed cervicovaginal smear 3 to 6 weeks postpartum, observed the atrophic pattern in 32% of 
nonlactating and 72% of lactating women. It must be noted that, during lactation, intermediate 
and large parabasal cells of navicular type, with large cytoplasmic glycogen deposits, may be 
observed (Fig. 8-35). 




Figure 8-34Arias-Stella reaction in pregnancy. Arias-Stella reaction in the endometrium 
(A) and the endocervix ( B ). Note scattered large cells with hyperchromatic nuclei in 

397 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 8 - The Normal Female Genital Tract 

endometrial and endocervical glands. C. Isolated large cells in a cervical smear in a case 
of abortion presumed to be Arias-Stella cells. D. Several large cells in the smear of a 29- 
year-old, 7-month pregnant woman, presumed to be Arias-Stella cells. (C: Courtesy of Dr. 

Albukerk.). 




The return to normal cyclic patterns varies from patient to patient. In the great majority of 
patients, whether lactating or not, the cyclic pattern will be evident 6 months after delivery. 
Persistence of atrophic smear pattern, beyond 1 year after delivery, may indicate a serious 
endocrine disorder (see Chap. 9). 

Alleged Pregnancy-Related Neoplastic Abnormalities 

In the 1960s and 1970s, several articles, discussed in Chapter 11, attributed significant, cancer- 
like abnormalities of squamous and endocervical cells to pregnancy. The only cytologic 
changes characteristic of pregnancy are those described above. Other disorders, 
particularly cytologic abnormalities consistent with precancerous lesions or cancer, 
are incidental to pregnancy as recently reemphasized by Pisharodi and Jovanoska (1995) 
and by Michael and Esfahani (1997). To be sure, some of the cytologic findings, such as the 
presence of decidual cells, syncytiotrophoblasts, or Arias-Stella cells in smears, may be difficult 
to interpret and must be differentiated from manifestations of cancer, described in subsequent 
chapters of this book. 

Cytology of Spontaneous Abortion 

Although abortion is not, strictly speaking, a manifestation of normal events in the life of a 
woman, it appears appropriate to discuss it in conjunction with the events of normal pregnancy 
rather than elsewhere in this book. There are no cells diagnostic of abortion. A smear obtained 
during abortion may contain navicular cells, fresh blood, and inflammatory exudate. 
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Syncytiotrophoblastic cells may be noted (see Fig. 8-31 C,D). On the rarest occasions, 
elongated, smooth muscle cells in smears (Fig. 8-36) will testify to trauma to the uterine 
wall. However, smooth muscle cells may also be derived from ulcerated submucous leiomyomas 
(fibroids), another very rare event (see Chap. 10). 




Figure 8-36 Smooth muscle cells in a cervical smear after abortion. Elongated cells with 
tapered cytoplasm and small central nuclei. (Oil immersion.) 



Threatened Versus Inevitable Abortion 

It is debatable whether cytologic techniques are of clinical value in distinguishing a threatened 
abortion from an inevitable abortion. Still, if an early pregnancy is associated with bleeding, it is 
occasionally possible to predict, in vaginal smears, whether or not an abortion is inevitable. A 
preponderance of superficial squamous cells with pyknotic nuclei, rather than the 
characteristic pattern of pregnancy consisting of intermediate and navicular cells, will usually 
indicate excessive estrogenic activity and may suggest the inevitability of an abortion. A study 
of the cells of the urinary sediment may be substituted for a vaginal smear. The information 
obtained from cytologic studies is of only relative value and should be used in conjunction with 
a careful clinical evaluation. Genetic studies on fetal tissue from spontaneous abortions 
(Carr, 1963; Szulman, 1965) demonstrated that, in many cases, the fetus carries significant 
chromosomal abnormalities, suggestive of major genetic defects. It appears probable that, in 
some cases at least, a spontaneous abortion is a natural defense against the birth of an 
abnormal child. The situation is different in habitual aborters, in whom a hormonal imbalance 
may exist. 

THE NORMAL VAGINAL FLORA 

The normal flora of the vagina varies from person to person, but Lactobacillus (bacillus 
Doderlein) is usually the preponderant organism. This organism is a gram-positive slender 
rod staining a pale blue by the Papanicolaou method. The bacterial rods may either be 
observed in the background of the smear (Fig. 8-37A) or may accumulate on the surface of 
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squamous cells (Fig. 8-37B). The organism utilizes the glycogen contained in the cytoplasm of 
the intermediate and parabasal squamous cells and causes their 
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disintegration or cytolysis (see Fig. 8-31 B). Fully mature superficial squamous cells are less 
likely to be cytolyzed, perhaps because of the presence of a firm cytoplasmic skeleton. 

Lactobacillus survives best at a vaginal pH of 5, which is maintained by glycolysis. For further 
discussion of lactobacilli, see Chapter 10. 




Figure 8-37 Lactobacilli (b. vaginalis or Doderlein bacilli) in cervicovaginal smears. 

A,B. Grampositive rods of various length may occur in the background of the smears or on 
the surface of the squamous cells. See Figure 8-31 B. 



CELLS OTHER THAN EPITHELIAL IN NORMAL SMEARS 

Leukocytes 

Avariety of leukocytes may be observed in smears, even in the absence of inflammatory 
processes. Lymphocytes and polymorphonuclear leukocytes are frequently seen trapped in the 
cervical mucus. Plasma cells, which are very uncommon in smears, usually signify chronic 
inflammatory processes (see Chap. 10). 

Macrophages (Histiocytes) 

Small mononuclear macrophages are often seen during the late part of the menstrual bleeding 
(exodus, see above). The larger mononucleated macrophages are medium-sized cells 
(about 25 to 30 pm in diameter) with basophilic, often faintly vacuolated, cytoplasm that may 
contain fragments of phagocytized material. The nuclei are spherical or kidney-shaped with a 
finely granular chromatin and occasionally tiny nucleoli (Fig. 8-38A). Such cells are fairly 
common in cervical smears and may mimic endometrial or endocervical cells. The presentation 
and significance of such cells in vaginal smears in the diagnosis of endometrial cancer is 
discussed in Chapter 13. Multinucleated macrophages that may occur in smears are usually 
associated with the menopause, foreign bodies, or chronic inflammatory processes and are 
described above (see Fig. 8-28C) and discussed further in Chapter 10. 
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Figure 8-38 A. Sheets of macrophages with vacuolated cytoplasm. Note the relatively 
large nuclei of variable sizes. B. Spermatozoa in a cervicovaginal smear. 



Spermatozoa and Cells of Seminal Vesicles 

Spermatozoa are frequently observed in material from the female genital tract. Meisels and 
Ayotte (1976) recorded the presence of spermatozoa in nearly 10% of all smears of women 
between the ages of 25 and 40 and, with lesser frequency, in adult women of other age groups. 

Well-preserved spermatozoa with the characteristic 

dense heads and thin, elongated flagella (tails) are readily identified (Fig. 8-38B). The head 
may be somewhat variable in size and configuration; it is most commonly egg-shaped and, in 
Papanicolaou stain, shows an uneven distribution of chromatin. The pole of the head attached 
to the flagellum usually appears somewhat denser than the opposite pole. This is very likely an 
artifact of fixation or preparation because, in material optimally fixed for light microscopy, the 
chromatin distribution is uniform throughout the head. The basic ultrastructure of the flagellum 
is similar to that of a cilium, described in Chapter 2. The energy required for the movement of 
the spermatozoon is provided by numerous mitochondria located along the flagellum. 
Degenerated spermatozoa or spermatozoa killed by spermicidal agents are also commonly 
observed in cytologic preparations from the female genital tract. The flagella are usually 
partially or completely destroyed and the heads are enlarged, but not uniformly so. In clusters, 
the degenerated spermatozoa appear as a collection of oval shaped nuclei of variable sizes 
with remnants of flagella attached to them. 

Spermatozoa may be also phagocytized by macrophages. In such instances, the heads of 
spermatozoa may be observed within the cytoplasm of the macrophage, whereas the tails may 
be outside the cell (see Chap. 33; Fig. 33-6C). 

Cells originating in seminal vesicles may also be observed in vaginal smears. Such cells, 
noted in about 10% of patients with spermatozoa, may have conspicuously large, 
hyperchromatic nuclei and are identifiable by the presence of cytoplasmic granules of 
brown lipochrome pigment (see Chap. 33). Spermatozoa and other cells of male origin may 
be identified in cervicovaginal material by fluorescent in situ hybridization (FISH) technique with 
probes to chromosomes X and Y (Roa et al, 1995). Such cells were detected in some women 3 
weeks after coitus. These observations are of value in medicolegal cases (Collins et al, 1994). 

ACELLULAR MATERIAL AND FOREIGN BODIES IN CERVICOVAGINAL SMEARS 
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Curschmann's Spirals 

Coiled spirals of inspissated mucus with a dense core and translucent periphery, identical in 
appearance to Curschmann's spirals seen in sputum (see Chap. 19), may occasionally be 
observed in cervical or vaginal smears. Prolla (1974) reported finding such structures in six of 
5,635 consecutive vaginal and cervical smears and pointed out that all sixwomen were heavy 
cigarette smokers. He suggested that the vaginalcervical Curschmann's spirals reflect a 
systemic effect of cigarette smoking. In an extensive study of this phenomenon, Novak et al 
(1984) observed Curschmann's spirals with a prevalence of 1 in 1,700 cervicovaginal smears 
and failed to note any relationship with smoking or extrinsic factors. Yet, in some cases at least, 
the possibility of extraneous origin of the spirals found in the vaginal pool must be considered. 
In one such case, a possible source was the sputum of an asthmatic sexual partner (Fig. 8-39). 
However, it is most likely that, in the majority of cases, the spirals are casts of inspissated 
endocervical mucus. 




Figure 8-39 Curschmann's spirals in a cervicovaginal smear (see text). 



Contaminants 

The normal cervicovaginal smears may contain a variety of contaminants. Lubricating jellies, 
vaginal creams, or powders may obscure the smears completely and render it useless. 
Small polygonal retractile crystals, frequently seen in smears, usually originate from sterile 
powders used for surgical gloves. Other crystals, rarely occurring in smears, are hematoidin 
crystals or cockleburrs (Hollander and Gupta, 1974; Capaldo et al, 1983) and “crystalline 
bodies,” probably inspissated cervical mucus, described by Zaharopoulos et al (1985). 
Occasionally, pollen and plant cells may occur (Avrin et al, 1972). Plant cells are described in 
Chapter 19. Grains of pollen may be particularly disturbing. The spherical or oval grains come 
in various sizes depending on the plant of origin, and some may mimic epithelial squamous cells 
by size and configuration (Fig. 8-40). Some pollens may have a dense central core that may 
mimic a cancer cell (Fig. 8-40B.C). Pollen grains are best recognized by a rigid, translucent 
external envelope, best seen in Figure 8-40D, and lack of structure in the central core. 
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Other contaminants, such as fungus of the family Alternaria, may be observed (see Chap. 19 
for description). Other rare contaminants include larval parts of carpet beetles (Bechtold et 
al, 1985), as well as other arthropods, and various protozoa may be occasionally observed (Fig. 

8-41). Undoubtedly, from time to time, still other contaminants will be reported. The so-called 
ciliated bodies, reported in cervical smears and initially thought to be parasites, represent 
detached tufts of ciliated endocervical cells, described above and shown in Figure 8-21. 

Ova 

Way and Dawson (1959) and Carvalho (1965) reported the finding of an ovum in the vaginal 
smear. Carvalho's ovum was a spherical structure surrounded by a peripheral zone, interpreted 
as zona pellucida, and a peripheral array 
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of cells, presumably the corona radiata. Unfortunately, the measurements of the ovum were not 
provided. Although the identity of Carvalho's ovum was questioned by Norman (1975), Wachtel 
and Wytcherly (1970), and by Benson (1972), a recent photograph by Greenebaum (1998), 
illustrating a human oocyte (ovum) derived directly from an ovarian cystic follicle, confirmed 
Carvalho's observations. Greenbaum's oocyte was about 150 pm in diameter, had a tiny, barely 
visible nucleus, and it was surrounded by a transparent, striated zona pellucida (the product of 
the ovum) and a layer of follicular cells (Fig. 8-42). 




Figure 8-40 Pollen in cervicovaginal smears. A-D. Pollen grains of various sizes. Note 
the sharply demarcated translucent capsule. In C, the grain of pollen is phagocytized by a 
macrophage. B and D mimic cancer cells because of the dark center. 



Benign Cells Originating in Adjacent Organs 

Cells from adjacent organs may be observed in vaginal smears and in endocervical and 
endometrial aspirates. The significance of these observations in reference to cancer is 
discussed in the appropriate chapters. Occasionally, however, benign cells of extraneous origin 
may be of diagnostic importance. Cells originating in the urinary bladder and in the colon, when 
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observed in gynecologic material, may indicate the presence of vesicovaginal or 
rectovaginal fistula. The identification of the urothelial cells of bladder origin may be difficult 
unless the multinucleated, large umbrella cells (see Chap. 22) are observed. Colonic cells, 
usually forming clusters or sheets of parallel cells, resemble endocervical cells, except for their 
larger size (Fig. 8-43A). Angeles and Saigo (1994) observed colonic cells in smears of 14 of 23 
patients with rectovaginal fistula. Colon contents in the form of plant cells, characterized by a 
thick translucent cellulose membrane, may also be observed in such smears (Fig. 8-43B). 

DEFINITION OF AN ADEQUATE CERVICOVAGINAL SAMPLE 

The purpose of cytologic examination of the female genital tract is the detection of cancer and 
precancerous states, mainly of the uterine cervix. The question as to what constitutes an 
adequate and representative cervicovaginal sample, offering the best diagnostic 
opportunity, has been discussed for many years (see Koss and Hicklin, 1974). The issue has 
become important because the currently prevailing system of nomenclature, the Bethesda 
System (discussed in detail in Chap. 11), mandates the reporting of inadequate samples as 
a separate category. Severe medical and legal consequences may result from reporting such a 
sample as “negative” or “within normal limits,” particularly in the presence of a precancerous 
lesion or cancer of the uterine cervix. The issue of sample adequacy was relatively simple, so 
long as direct cervical smears were the dominant mode of examination, because the various 
components of the smear could be recognized. With the widespread use of liquid monolayer, 
machine-generated preparations, the issue became more complex. 
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Figure 8-41 Various contaminants in cervicovaginal smears. A Larval part of a carpet 
beetle larva. B. An arthropod, probably a louse. C. Aflagellate of ceratum species. D. A 
high magnification of a water contaminant, probably a protozoon. Note cilia. (A Courtesy 
of Dr. Jacques Legier; B: Courtesy of Dr. Ellen Greenebaum.) 
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Figure 8-42 A. Ovum from an aspirated ovarian follicle. It is surrounded by a zona 
pellucida and a layer of follicular cells. Compare with histologic section of a similar oocyte 
and follicle ( B ). (Courtesy of Dr. Ellen Greenebaum, New York, NY. From Greenebaum E. 
Cytologic identification of oocytes in ovarian cyst aspirates. N Engl J Med 339:604, 1998.) 
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Figure 8-43 Cells from adjacent organs. A. Sheet of tall colonic cells with abundant 
cytoplasm in a cervicovaginal smear of a woman with vaginorectal fistula. B. A 
multinucleated structure, most likely distended goblet cells of rectal origin (rectovaginal 
fistula). 



Cervicovaginal Smears 

A cervicovaginal smear should be representative of the squamous and endocervical epithelia 
of the uterine cervix, and include the transformation zone. A number of instruments, discussed 
in the Appendix to this chapter, have been introduced to improve the sampling of the uterine 
cervix. Therefore, an adequate cervical smear should contain squamous cells from the 
vaginal portion of the uterine cervix, parabasal “metaplastic” cells, presumably 
derived from the transformation zone, and endocervical cells from the endocervical 
canal. In practice, the composition of an adequate cervical smear depends as much on the 
skill of the operator and the techniques used as on the age of the patient, because it 
depends on the location of the transformation zone. As has been shown in Figure 8-10, 
the transformation zone in older women may be situated within the endocervical canal and will 
be much more difficult to sample than in a young woman. There is also some controversy as to 
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the significance of endocervical cells. Mitchell and Medley (1992, 1993), careful Australian 
workers, consider the presence of columnar cells as indispensable in the assessment of a 
smear as adequate. Kurman and Solomon (1992) suggested that the minimum presence of 
endocervical cells should be two clusters, each composed of at least 5 cells. In the 
2001 Bethesda System, this requirement has been modified to “at least 10 well-preserved 
endocervical or squamous metaplasia cells, singly or in clusters” (Solomon and Nayar, 2004). 

Other observers question whether the presence of endocervical cells is essential (Koss and 
Hicklin, 1974; Metcalf et al, 1994; Koss and Gompel, 1999; Birdsong, 2001). This writer 
considers the presence of cervical mucus equally important evidence of smear 
adequacy as the presence of endocervical cells. The mucus, in the form of streaks 
containing cells desquamated from the endocervical canal, is an invaluable diagnostic 
resource. Unfortunately, with the use of endocervical brushes, which often require the removal 
of the plug of mucus from the external os, the presence of streaks of mucus can no longer be 
ascertained. The same is true of preparations of cervical cells collected in liquid samples. 

Therefore, the following standards of smear adequacy are proposed for smears of 
women during the childbearing age: 

An adequate smear must contain: 

Squamous cells from the portio of the uterine cervix 
Parabasal “metaplastic” cells 
A few endocervical cells or cervical mucus 

Smears of prepubertal girls or postmenopausal women need not contain either endocervical 
cells or cervical mucus. 

As Koss and Hicklin observed in 1974, any smear containing abnormal cells and requiring 
further action is by definition adequate, regardless of whether the above criteria are fulfilled 
or not. The same authors also noted that the diagnostic accuracy of routine cervical 
smears, regardless of technique, is not absolute. Therefore, a minimum of three 
consecutive cervical smears, at intervals of 6 to 12 months, should be obtained before 
the patient is considered free of disease. It was suggested that subsequent screening 
may take place at longer intervals every other or third year. The current guidelines of the 
American Cancer Society are in agreement with these recommendations. 

Liquid Preparations 

It is the occasional failure of the cervical smear, with its legal consequences, that led to the 
current trend to replace them with liquid preparation systems. At the time of this writing 
(2004), two commercially available automated smear-equivalent processing systems have been 
approved by the Food and Drug Administration in the United States, ThinPrep (Cytyc Corp., 
Marlborough, MA) and SurePath 
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(TriPath Corp., Burlington, NC). Both systems require that the sample be placed in a 
container with fixative and processed by a machine that deposits an aliquot of cells in 
small circular areas of the slide. The preparations are relatively free of blood and 
debris, thus facilitating and accelerating screening, but also modifying somewhat the 
morphology of the cells and, thus, requiring special training in interpretation of 
material. The two systems appear to be somewhat more efficient in the discovery of cellular 
abnormalities, as discussed in Chapters 12 and 13. Asignificant benefit of collection in liquid 
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fixative is the option of utilizing the residual material for ancillary procedures, such as the 
presence and typing of human papillomavirus (HPV). 

Still, the issue of adequacy of liquid preparations has not been solved. Because these 
preparations use only a small aliquot of the entire sample, the figure of 5,000 well-preserved 
squamous cells per preparation was suggested as evidence of smear adequacy (Solomon and 
Nayar, 2004). Such a sample would contain only a very small number of abnormal cells and, 
therefore, requires intense screening, obviating the principal advantage of liquid processing. 

Only longterm follow-up of patients will determine the accuracy of these cancer detection 
systems. 

Appendix 

CLINICAL PROCEDURES IN GYNECOLOGIC CYTOLOGY 

The successful practice of gynecologic cytology depends to a large extent on good quality 
material secured from the genital tract. Therefore, it is recommended that the simple guidelines 
discussed below be followed before the sampling takes place. The patient should not 
douche for 24 hours before the genital smears are obtained. During the childbearing 
age, smears should be obtained at mid-cycle. Smears obtained during menstrual bleeding 
may be difficult to interpret because of contamination with blood, endometrium, debris, and 
macrophages (histiocytes). 

Prior to sampling, it is important to secure the necessary materials and lay them out on a 
suitable, conveniently located surface within the reach of the operator: 

■ Instrument(s) used to obtain smears 

■ Clean microscopic glass slides of good quality, preferably with frosted ends (0.96-1 .06 
mm in thickness) for preparation of smears 

■ Suitable pencil for slides with frosted ends or, if plain slides are used, a diamond 
marker for identification of slides. Each slide should be identified with patient's name, 
date, and/or identifying number. If separate samples are obtained from different 
organs of the female genital tract, the slides must be appropriately identified by 
symbols, for example, C = cervix, E = endocervix, EN = endometrium. The precise origin 
of each smear with the accompanying symbol must be noted on the laboratory form. 

■ Fixatives (see below and Chap. 44) 

■ Laboratory form with clear identification of the patient and appropriate history. The 
minimum data required on each patient comprise: 

Date of procedure 

Name of physician or health facility submitting the sample 
Patient's name, address, and ID number, if any 
Sex and age 

Source and site of origin of the specimen with identifying symbols (see above) 

Method of collection 
Presumed clinical diagnosis 
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Summary of prevailing symptoms 
Prior treatment, if any 
Prior cytology or histology 
Date of last menstrual period 
Contraceptive history 
Obstetric history 

PREPARATION OF SMEARS 

Every effort should be made to place as much of the material obtained as possible on the slide 
and to prepare a thin, uniform smear. Thick smears with overlapping cell layers are difficult or 
impossible to interpret. Considerable skill and practice are required to prepare excellent smears 
by a single, swift motion without loss of material or air drying. 

Fixation of Smears 

Immediate fixation of smears facilitates correct interpretations. Two types of fixatives are 
commonly used — fluid fixatives and spray fixatives. Both are described in detail in Chapter 44 
and, hence, only a brief summary is required here. 

Fixatives 

For all practical purposes, 95% ethyl alcohol or equivalent is a suitable universal fixative 
for routine smears. Liquid fixatives can be used in Coplin jars with covers. Also, a pipette filled 
with the fixative may also be used to fix the smear placed on a hard surface for 15 minutes 
or more, making sure to replenish the fixative to prevent drying caused by evaporation. 

The fixed slides may be placed in an appropriate cardboard or plastic container for shipment to 
the laboratory. Certain commercially available fixatives, particularly CytoRichred (TriPath 
Corp., Burlington, NC) has found many uses in preparation of endometrial smears, as 
discussed in Chapters 11 and 12 (Maksemand Knesel, 1995). The fixative preserves cells of 
diagnostic value while lysing erythrocytes. 

Spray fixatives contain water-soluble polymers or plastics 
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and are described in detail in Chapter 44. When correctly used, spray fixatives protect the 
smears from drying by forming an invisible film on the surface of the slides. If spray fixatives 
are selected (and they usually are easier to handle than liquid fixatives), they should be applied 
immediately after the process of smear preparation has been completed. Correct use of the 
spray fixatives calls for several precautions: 
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Figure 8-44 Use of coating fixatives for smears of uterine cervix obtained with a 
wooden spatula. Immediate application of fixative is essential. (Clay-Adams Inc., New 
York, NY.) 



■ The spray must be smooth and steady and the operation of the nozzle must be checked 
before the smear is obtained. 

■ The distance between the nozzle of the spray and the smear to be sprayed must be 
about 10 to 12 inches (25 to 30 cm), as shown in Figure 8-44. If the spray is held too close 
to the smear, several mishaps commonly occur; the cells may be dislodged by the force of 
the spray, or the evaporation of the spray vehicle may freeze and irreversibly damage the 
cells. An artifact may also occur, inasmuch as normal squamous cells may acquire a 
perinuclear halo, rendering them similar to human papillomavirus-infected cells or koilocytes. 

If the nozzle is too far from the target, insufficient fixative will reach the surface. 

■ Smears coated with spray fixative are air dried and placed in cardboard slide containers 
and forwarded to the laboratory. 

■ Although there is no evidence at this time that the materials contained in the various spray 
preparations are harmful, it is advisable to protect the patient and the medical personnel from 
inhalation of the spray by using a face mask or by performing the spraying procedure under a 
protective glass plate or a laboratory hood. 

Inexpensive liquid-coating fixatives may be prepared in the laboratory and used in lieu of 
spray fixatives. Carbowax fixative, described in Chapter 44, is an example. Afew drops of this 
fixative are placed on the surface of the smear. After drying (5 to 10 minutes), the slides may be 
placed in slide containers for shipment to the laboratory. 

COLLECTION OF MATERIAL FOR LIQUID PROCESSING AND “MONOLAYER” 
SMEARS 

If processing by an automated apparatus is selected, the container with the company- 
recommended fixative should be available. The companies provide vials with fixatives 
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accommodating collection devices or cell samples. For further discussion of these options, see 
Chapter 44. 

SAMPLING SYSTEMS 

Vaginal Smear 

The original method, on which Papanicolaou and Traut based their initial observation in 1942, 
was the vaginal smear (see Chaps. 1,11, and 13 for a detailed account of these events). 

Nowadays the procedure is rarely used, because it is not efficient in the discovery of 
precancerous lesions of the uterine cervix and requires time and skill in screening. The 
vaginal sample is often very rich in cells and difficult to interpret and, hence, not labor-effective. 

The advantage of the vaginal smear lies chiefly in the ease with which it is obtained, even in 
the presence of an intact hymen. In women past the age of 40, the vaginal smear 
complements the cervical sample and may contain important information pertaining to the 
endometrium, fallopian tubes, and the ovaries and, occasionally, from other, more distant 
sites (see Chaps. 13 and 14). Therefore, 
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in my judgment, it should be maintained in the armamentarium of cancer detection in older 
women. This smear is best obtained as the first step in the gynecologic examination, prior 
to introduction of the speculum. The patient is placed in a lithotomy position. The posterior 
fornix of the vagina is aspirated with the blunt end of a slightly curved glass pipette fitted with 
a rubber bulb. During aspiration, the end of the pipette should be gently moved from side to 
side to ensure a good sampling of cells. Alternately, a tongue depressor or similar simple 
device may be used to collect cells from the posterior vaginal fornix. The material is spread 
rapidly on a clean glass slide, which is fixed without delay. A vaginal smear alone should 
never be considered as a sufficient cytologic sample in women with intact uteri and it 
must be accompanied by a cervical sample. 

The vaginal smear for hormonal studies should be obtained by scraping the lateral wall of 
the vagina at some distance from the cervix. These smears are reliable in the evaluation of the 
hormonal status of the woman in the absence of inflammation or hormonal treatment, as 
discussed in Chapter 9. 
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Endocervical Brush 



Cotton Swab 





Figure 8-45 Instruments for sampling of the uterine cervix. 



Cervical Smears 

The cervical smear and its variants are utilized for diagnosis of precancerous lesions and 
cancer of the uterine cervix. Regardless of the instrument used, the cervical smear must be 
obtained under direct vision after introduction of the unlubricated speculum. If there are 
difficulties in introducing the speculum, a few drops of normal saline solution may be used to 
moisten it. Several methods and instruments for securing cytologic material from the 
uterine cervix are available (Fig. 8-45). Although many are no longer used, they are 
generally much less expensive and more affordable in developing countries. 

Nonabsorbent Cotton Swab Smear 

This inexpensive and simple mode of sampling the uterine cervix is no longer recommended 
because of loss of cells adhering to the cotton. 

Cervical Scraper or Spatula 

As initially proposed by Ayre (1947), a wooden tongue depressor, cut with scissors to fit the 
contour of the cervix, 
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may be used. Commercial plastic scrapers are now widely available. The end of the scraper is 
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U shaped, with one arm longer than the other. The scraper should fit the contours of the cervix, 
particularly the squamo-columnar junction, with the longer end introduced into the endocervical 
canal. The scraper is rotated 360° under pressure, the longer end being used as a pivot within 
the external os (see Fig. 1-4). The material is spread on a slide and fixed immediately. Abundant 
and diagnostically valuable material is obtained by this method. The method may occasionally 
be traumatic to the patient and may cause some minor bleeding. 

Triple-Smear Method (VCE Smear) 

Although now very rarely used, the method, described by Wied and Bahr (1959), advocates 
placing material from three sources (vagina, portio, and endocervix) on a single, specially 
prepared and etched glass slide. The method requires considerable dexterity on the part of the 
clinician to obtain material rapidly in order to avoid drying of smears. 

Endocervical Brushes 

Because of the insistence that an adequate cytologic sample must contain endocervical cells, 
several types of endocervical brushes for sampling of the cervix have been introduced. The 
advantage of these instruments was based on the concept that an adequate cervical smear 
must contain endocervical cells and that the brushes increase the yield of endocervical lesions, 
a concept supported by the Bethesda System (see above and Chap. 1 1 ). Such brushes must 
be introduced into the endocervical canal under visual control and gently rotated to provide 
adequate material. In the process, the plug of cervical mucus, usually present at the 
external os, is displaced and lost, although it is an important source of abnormal cells 
(see above and Chap. 11). Except in postmenopausal women with atrophy of the uterus, the 
endocervical brush yields endocervical cells in virtually all the smears, rendering them 
“adequate.” However, in smears prepared from endocervical brushes, the thick clusters of 
endocervical cells, scraped from the endocervical surface, may be difficult to interpret. There is 
also evidence that many patients experience bleeding or spotting after the use of these 
instruments. The endocervical brushes serve only for the sampling of the endocervix 
and must be supplemented with a scrape smear of the exocervix. 

Brushes Combining Endocervical and Exocervicai Sampling 
The prototype of such an instrument is the Cervex brush (Rovers Medical Devices, distributed 
by Therapak Corp. Irwindale, CA), which consists of a flat array of flexible plastic strips. The 
central strips are longer and, thus, enter the endocervical canal. Several rotations of the 
instrument ensure sampling of the entire cervical epithelium with adequate 
representation of endocervical and squamous cells. There are several variants of the 
original Cervex brush, one shown in Figure 8-45 (CytoPrep Inc., Eschen, Lichtenstein). 

These instruments have been recommended as a single sample for use with the liquid 
collection for automated processing of samples. 

Self-Administered Sampling of the Female Genital Tract 
Vaginal Tampon 

In the 1950s, a vaginal tampon, composed of compressed cotton enclosed in a nylon cover, the 
first self-administered device for cervical cancer detection, was developed by Draghi and tested 
by Brunschwig (1957) and by Papanicolaou (1954). Bader et al (1957) compared the 
performance of the tampon with simultaneously obtained vaginal and cervical smears in 2,691 
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asymptomatic patients. The quality of the smear, obtained by stamping the tampon on a 
microscopic slide, was judged to be adequate in about two-thirds of the patients. The tampon 
smears were considered negative in about half the patients with carcinoma in situ, diagnosed 
on cervical smears, and the device has never been accepted as a viable substitute of the direct 
cervical sample. 

Self-Administered Pipette 

Koch and Stakemann (1962) and Davis (1962) introduced a self-administered pipette for 
collection of cytologic material for purposes of cervix cancer detection that can be mailed to the 
patient, accompanied by a set of simple instructions. The disposable device consisted of a 
fixativefilled plastic bulb attached to a pipette. The patient inserts the pipette into the vagina 
and, by compressing the elastic bulb, expresses the fixative. The bulb is then released and the 
fixative, plus the collected cells, is aspirated back into the pipette. The pipette is sealed and 
mailed back to the laboratory. The fluid is spun down in a centrifuge and the sediment smeared 
on two or more slides. Residual material may be kept indefinitely. Davis considered 50 to 100 
cells per low-power field as an adequate smear. The screening of this material was time- 
consuming because abnormal cells were few. In many ways, the material obtained by irrigation 
resembles a diluted vaginal smear. The device was evaluated by several independent 
observers with mixed results. Richart (1965) pointed out that irrigation smears failed to reveal 
40% to 50% of early neoplastic lesions of the cervix. A similar result was reported by Muskett et 
al (1966) on a smaller group of carefully controlled patients. Reagan and Lin (1967), Mattingly 
et al (1967), Anderson and Gunn (1967), Carrow et al (1967), and Husain (1970) rendered 
reports ranging from highly skeptical to enthusiastic. It is generally considered that, unless the 
patient has no access to a more direct method of cytologic sampling, self-administered smears 
should not be recommended because of poor accuracy and because they deprive the patient of 
a clinical examination. 

It is of interest that a similar self-administered device was recently evaluated as a means 
of sample collection for analysis of human papillomavirus (Wright et al, 2000). 

P.224 



Endometrial Sampling 

The methods are described in Chapter 13. 
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9 

Cytologic Evaluation of Menstrual Disorders and Hormonal 
Abnormalities 

PRINCIPLES 

The established approach to the evaluation of ovarian function and endocrine disorders in the 
woman is based on serial biochemical analyses of hormones, such as estrogen, progesterone, 
luteinizing hormones and their metabolites (Albertson and Zinaman, 1987). More recently, the 
analysis of hormonal substances that participate in embryonal development of gonads has 
contributed still further to the clarification of endocrine disorders. For example, the 
measurements of the mullerian-inhibiting substance, a hormone that promotes the involution of 
the mullerian duct and thus enhances the development of male characteristics, allowed the 
discrimination between male children with a congenital absence of testes (anorchia) and 
undescended testes (Lee et al, 1997). In children suspected of other congenital abnormalities, 
molecular-genetic analyses may be performed. For example, in children with congenital adrenal 
hypoplasia, who may also display underdevelopment of gonads, a mutation of the responsible 
gene located on the X chromosome could be documented (Merke et al, 1999). Many additional 
such examples could be cited. In women who suffer from menstrual disorders and abnormalities 
of the ovarian cycle, the biochemical analyses can be effectively supplemented by the old- 
fashioned endometrial biopsies, or studies of endocervical mucus (Lotan and Diamant, 1978). 

In addition, the cervicovaginal smear may sometimes provide useful information and 
has the advantage of being easy to obtain, rapidly evaluated, and inexpensive. The 
cytologic approach is particularly valuable if laboratories specializing in endocrine analysis are 
not readily available. The principle 
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of the cytologic hormonal analysis is simple. The degree of maturation of the 
squamous epithelium of the female genital tract depends on steroid hormones, mainly 
estrogen. Estrogen receptors are present in the squamous epithelium of the uterine cervix and 
vagina, particularly in the basal cells (Press et al, 1986; Kupryjanczyk and Moller, 1988), and 
are expressed more strongly during the proliferative phase of the cell cycle than during the 
secretory phase, accounting for the observed changes in epithelial maturation. Therefore, the 
quantitative relationship of squamous cells of varying degree of maturity in a 
cervicovaginal smear may serve as an index of the hormonal status of the female. In 
some cases of congenital abnormalities, the analysis of sex chromatin bodies (Barr 
bodies) in the same smears may yield valuable information. 

It is beyond the scope of this book to discuss all the variants and metabolites of the steroid 
hormones. For the sake of simplicity, and because of their impact on cervicovaginal cytology, 
the key hormones and their activity to be discussed are estrogen, progesterone, and 
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androgenic (masculinizing) hormones. 

MECHANISMS OF FORMATION OF STEROID HORMONES 

The main function of steroid hormones in the woman is to induce ovulation and prepare the 
uterus for pregnancy. The regularity with which this process occurs during the childbearing age 
of a normal woman is astounding and as yet not fully understood. As was summarized in 
Chapter 8 and Figure 8-18, the formation of steroid hormones by the ovary is governed by 
polypeptide hormones of pituitary origin (follicle-stimulating hormone [FSH] and luteinizing 
hormone [LH]). The ovary synthesizes the steroid hormones, which act on the endometrium, 
squamous epithelium, and other target cells in the uterus. 

Mechanisms of Action of Pituitary Hormones on Ovarian Target Cells 

The first sequence, which has for its purpose the formation in the ovary of various steroid 
hormones such as estrogen and progesterone from cholesterol, may be briefly summarized as 
follows: 

■ Pituitary peptide hormone binds to the receptors on the membrane of ovarian cells with 
endocrine function, stimulating an increased activity of a common mediator, adenylate 
cyclase. Adenylate cyclase stimulates the synthesis of 3'5'-adenosine monophosphate (cyclic 
AMP or cAMP) from adenosine triphosphate (ATP). 

■ cAMP activates the appropriate protein kinase leading to the formation of an enzyme, 
cholesterol esterase, and other enzymes involved in the biosynthesis of steroid hormones. 

Mechanisms of Formation of Steroid Hormones in the Ovary 

■ The cholesterol esterase leads to an increased accumulation of free cholesterol as a 
precursor for steroid biosynthesis. 

■ Free cholesterol is transformed by enzymes into steroid hormones in the smooth endoplasmic 
reticulum of the appropriate ovarian cells. Estrogen is produced by the follicular cells of 
the maturing ovarian follicles. After ovulation, progesterone is produced by cells of 
the corpus luteum. For a recent review of the mechanisms of formation of steroid 
hormones in the pituitary and the gonads, see Adashi and Hennebold (1999). 

Effect of Steroid Hormones on Target Cells 

Ovarian steroids, such as estrogen and progesterone, interact with cells in the endometrium 
and the squamous epithelium of the cervix and vagina and the smooth muscle of the uterus. 

This sequence may be briefly summarized as follows: 

■ The steroid hormone binds to a specific cytoplasmic receptor protein in the cells of the target 
organ and enters the cytoplasm. As has been recently reported, there are at least two types 
of estrogen receptors with complex patterns of function (McDonnell and Norris, 2002). 

■ Steroid protein complex enters the nucleus and binds to the DNA specific receptor. 

Messenger RNAis formed. 

■ Messenger RNA enters the cytoplasm, binds to ribosomes and leads to the synthesis of 
specific proteins, such as enzymes or structural proteins, that are expressed in the cytoplasm 
of the target cell. 

Nuclear receptors for estrogen and progesterone have been identified and sequenced. 
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Recent investigations shed light on the regulation of hormonal receptors in various target cells 
(McDonnell and Norris, 2002). This led to the development of specific antibodies that can be 
used to visualize the presence of these receptors in the nucleus by means of 
immunofluorescence or an immunocytochemical approach using the peroxidase-antiperoxidase 
reaction that forms visible precipitates. The precipitates can be measured by image analysis 
and related techniques (Bacus et al, 1988). This system of steroid receptor identification 
and quantitation has been extensively used in the assessment of mammary carcinoma (see 
Chap. 29), but its applicability to the cells of the female genital tract has been limited. 

The effects of estrogen and progesterone on the endometrium and endometrial cells are 
discussed in Chapter 8. In this chapter, the effect of these and other hormones on the 
squamous epithelium of the female genital tract will be discussed. 

THE EFFECT OF STEROID HORMONES ON SQUAMOUS EPITHELIUM OF THE 
FEMALE GENITAL TRACT 

Smear Patterns 

Naturally occurring estrogen, or the parenteral administration of estrogen or its natural 
or synthetic substitutes 
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in adequate amounts, produces a rapid and complete maturation of the normal 
squamous epithelium of the female genital tract with a resulting preponderance of 
mature superficial squamous cells in smears. The effect takes place regardless of the prior 
hormonal status, except during pregnancy. Conversely, complete atrophy of the 
squamous epithelium of the vagina and cervix may be equated with complete absence 
of estrogenic activity. However, there are no reliable data linking intermediate degrees 
of maturation of the squamous epithelium with the action of a specific hormone or 
hormones. Thus, partial or incomplete maturation of the squamous epithelium may have 
various causes, such as an inadequate or low supply of estrogen and its derivatives; an effect 
of antagonistic hormones, such as progesterone or androgenic hormones; or the effect of some 
of the widely used estrogen agonists, such as tamoxifen; or to a combination of these and 
probably other factors. The fact that surgical castration does not necessarily lead to complete 
atrophy of the squamous epithelium strongly supports the possibility that extragenital 
hormonal factors, such as adrenal hormones, are capable of influencing the squamous 
epithelium of the genital tract of the female. 

It is obvious, therefore, that the patterns of squamous cells should be interpreted cautiously in 
terms of endocrine status or therapeutic indications. Unfortunately, rigid diagnostic standards in 
this area of genital cytology are difficult to establish and, consequently, the literature is replete 
with contradictory statements. This is well illustrated by the problem of cytologic evaluation of 
pregnancy at term, discussed in Chapter 8. Nonetheless, in specific clinical situations, 
discussed below, endocrine cytology is a valuable guide to diagnosis and treatment. 

Hormonal Cytology in Various Age Groups 

Evaluation of the endocrine status of a menstruating woman during the childbearing age 
belongs among the most difficult tasks in diagnostic cytology. There is considerable variation 
in the smear patterns from one patient to another, even if matched for age and menstrual 
history. Furthermore, there is considerable variation from cycle to cycle in the same 
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patient. Daily variations and even variations between simultaneously obtained smears may 
occur. Even the mere effect of smear-taking may influence the pattern of the following 
smear by increasing the vascularity of the epithelium. 

However, hormonal evaluation of the smears may be of substantial assistance in situations 
associated with amenorrhea or other significant disturbances of the menstrual cycle and 
may be of value in determining the time of ovulation for artificial insemination or in vitro 
fertilization (see below). 

Evaluation of the endocrine status in prepubertal and postmenopausal patients is an easier 
and more rewarding task than during the childbearing age. In a patient whose baseline smear 
shows complete atrophy, an increased maturation of the squamous epithelium is easy to 
assess. Still, even the procedure of smear-taking may reduce the dryness of the vagina and 
result in a less atrophic smear pattern. In the absence of atrophy, some of the problems 
described above for women in the childbearing age may also preclude an accurate cytologic 
evaluation of hormonal effect. 

The Influence of Factors Other Than Hormonal on Endocrine Evaluation of 
Smears 

Several factors other than endogenous or exogenous hormones may influence the status of the 
squamous epithelium. 

Inflammatory Processes 

As is described in Chapter 10, inflammatory processes, particularly Trichomonas vaginalis 
infestation, may result in increased maturation of squamous cells in postmenopausal women. 

Histologic and colposcopic evidence suggests that increased vascularity of the epithelium may 
be a factor in this process. Other inflammatory processes, particularly coccal bacterial 
infections, may obscure the smear pattern because of pus formation. Therefore, it is advisable 
to forego any attempts at estimation of maturation of squamous cells in the presence 
of a marked inflammatory process. 

Cancer 

In postmenopausal women with carcinoma of the uterine cervix or endometrium, 
abnormally high levels of maturation of the squamous epithelium may be observed. Although in 
endometrial cancer this may represent a hormonal effect, in cervix cancer the effect is probably 
due to inflammation (Cassano et al, 1986). 

Cyto/ysis 

Cytolysis caused by Lactobacillus (the Doderlein bacillus) or related organisms may destroy 
squamous cells in sufficient numbers to preclude any reasonable estimation of level of 
maturation (see Chaps. 8 and 10). The effects of hormones and other drugs precluding the 
assessment of the hormonal status are discussed below. 

Radiotherapy, Surgery and Other Interventions 

Radiotherapy to the vagina or cervix exercises marked immediate and long-term effects on 
smear patterns, as discussed in Chapter 18. It is evident that radiotherapy, with its protracted 
and significant influence on the biology of the squamous epithelium, restricts the possibility of 
subsequent estimation of hormonal activity by smears. Surgery, cauterization, and other 
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forms of treatment of diseases of the vagina or cervix also preclude proper hormonal evaluation 
until the healing has become complete — usually no fewer than 6 weeks after the procedure. 

TECHNIQUES IN THE CYTOLOGIC EVALUATION OF THE HORMONAL STATUS 

Vaginal Smears 

Several conditions must be fulfilled before a successful hormonal evaluation of the squamous 
epithelium may be undertaken. 
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■ There must be absence of inflammation or cytolysis. 

■ There must be no recent medication, either topical or systemic, especially with compounds 
known to affect the squamous epithelium of the lower genital tract. 

■ There must be no history of radiotherapy or recent surgery to the vagina or cervix. 

■ An adequate baseline investigation must have been performed in menstruating women. This 
should include daily smears during at least one and preferably two complete cycles, or their 
chronologic equivalent. In nonmenstruating patients, two or three smears may suffice. 

■ The smears should be obtained from the proximal portion of the lateral wall of the 
vagina, care being taken to avoid contamination with material from the adjacent 
cervix. Soost (1960), in an elaborate study, confirmed that this is the area of the vagina 
most accurately reflecting the hormonal status. The squamous epithelium of distal vagina or 
of the cervix shows a lesser response to hormonal stimulation. 

Although routine cervicovaginal smears are less accurate for purposes of hormonal 
evaluation, their use cannot be unequivocally condemned because the patterns of maturation 
of squamous cells may provide useful information either in the presence of a marked estrogenic 
effect (dominance of mature squamous cells in smears) or complete absence thereof (atrophic 
smear pattern). 

Urocytograms and Other Methods 

A number of observers, starting with Papanicolaou (1948), and subsequently Lencioni et al 
(1969, 1972), Haour (1974), and O'Morchoe (1967), reported results of hormonal evaluation 
with the use of an “urocytogram,” which is the evaluation of squamous cells in smears 
obtained from the sediment of voided urine. It is not completely clear whether the 
squamous cells in the urinary sediment are a contaminant with cells of vaginal origin or whether 
they reflect the presence of squamous epithelium of vaginal type that may be observed in the 
bladder trigone of many women (see Chap. 22). The urinary sediment has the advantage of 
easy collection without the necessity of a gynecologic examination and is particularly useful 
in the evaluation of some endocrine disorders in infants and children. 

Other methods of endocrine evaluation include smears obtained from the inner aspect 
of labia minora of the vulva, as suggested by Tozzini et al (1971). 

In congenital disorders in which X chromosome may be affected, the evaluation of sex 
chromatin bodies is conveniently performed in vaginal smears just as in scrape 
smears of the oral mucosa. Although this is not the primary topic of this chapter, it must be 
mentioned here that endometrial biopsies offer important information on ovulation and 
disturbances of the menstrual cycle. For further discussion of this topic, see Chapter 13. 
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OBJECTIVE EVALUATION OF HORMONAL PATTERNS 

The Indices of Squamous Cells 

To confer numerical reproducibility upon hormonal evaluation, several indices defining the 
status of the squamous cells in a smear have been advocated. 

The Karyopyknotic Index (Kl) 

The karyopyknotic index expresses the percentile relationship of superficial squamous 
cells with pyknotic nuclei to all mature squamous cells. Usually, 200 to 400 consecutive 
cells in three or four different fields on the smear are evaluated. According to Pundel (1966), in 
a normally menstruating woman, the peak of Kl usually coincides with the time of ovulation and 
was estimated at 50% to 85%. Variation from patient to patient is considerable. Schneider et al 
(1977) found a statistically significant correlation between Kl and plasma estradiol levels as 
measured by radioimmunoassays. 

The Eosinophilic index (El) 

The eosinophilic index expresses the percentile relationship of mature squamous cells 
with eosinophilic cytoplasm to all mature squamous cells, regardless of the status of the 
nucleus. The procedure is similar to that described for the karyopyknotic index. Often the simple 
Shorr's stain (see Chap. 44) is used in preference to Papanicolaou stain. Pundel (1966) 
reported that in a normal menstruating woman, the peak of El coincides with the peak of Kl and 
may reach 50% to 75% at the time of ovulation. 

The Maturation index (Mi) 

The maturation index, first described by the Czech investigator, Nyklicek in 1951 , expresses the 
maturation of the squamous epithelium as a percentile relationship of parabasal cells to 
intermediate cells to superficial cells. The count should be performed on single cells. Cell 
clusters must be avoided. For example, in a normal menstruating woman at the time of 
ovulation, an Ml of 0:35:65 would indicate that the smear contained no parabasal cells, 35% of 
intermediate cells, and 65% of superficial cells. A postmenopausal patient with marked atrophy 
would have a Ml of 90:10:0, indicating marked preponderance of parabasal cells. Reyniak et al 
(1971) found good correlation between the Ml and endometrial biopsies for staging of the 
menstrual cycle. Estrogen-type smear corresponded to proliferative endometrium in 83% of 
cases, and the premenstrual type of smear corresponded to secretory endometrium in 88% of 
cases. On the other hand, Schneider et al (1977) found a poor correlation between Ml and 
plasma estradiol levels. 

The Maturation Value 

Meisels (1967) suggested that a specific numerical value be attached to the three principal 
subgroups of the squamous cells — a value of 1 .0 to superficial squamous cells, a value of 0.5 
to intermediate cells, and a value of 0.0 to parabasal cells. The maturation value (MV) would be 
expressed by 
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multiplying the percentage in each cell category by its assigned value. For example, the MV for 
the two patients discussed above under Ml would be as follows: 

Patient 1 with Ml 0:35:65 (normal menstruating woman at time of ovulation) 
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0X0 = 00.0 
35 X 0.5 = 17.5 
65 X 1.0 = 65.0 
MV = 82.5 

Patient 2 with Ml 90:10:0 (woman with postmenopausal atrophy) 

90 X 0 = 0 
10 X 0.5 = 5 
Ox 1.0 = 0 _ 

MV = 5 

This system gives a single figure from zero to 100 to express the hormonal status of the patient 
and, thus, offers advantages for computerized handling of data. An MV of 100 indicates a 
pure population of superficial squamous cells, MV of zero indicates a pure population 
of parabasal cells. For menstruating normal women, the MV is between 50 and 95; for women 
with varying degrees of atrophy of squamous epithelium, the MV is below 50. 

Other Indices 

The folded-cell index represents the relationship of mature superficial or intermediate 
squamous cells with folded cytoplasm to all mature squamous cells. The crowded-cell index 
represents the relationship of mature squamous cells lying in clusters of four or more cells to all 
mature squamous cells. 

The reader is referred to several papers by Wied et al (1968, 1992) listed in the bibliography for 
additional information on the various indices. 

Critique of Indices 

In an extensive study, Cordoba (1964) pointed out that any indices based on a single smear are 
not reliable. Even several smears obtained on the same day yield an error of 20%, if 1 ,000 cells 
are evaluated. This critique is valid in my experience. Particularly vulnerable is the eosinophilic 
index, because it is known that even a short exposure to air may significantly increase the 
proportion of cells with eosinophilic cytoplasm. The most reasonable of the indices is the 
maturation index and its derivative, the maturation value, since it gives an idea of the make-up 
of the squamous epithelium. However, to obtain results that would withstand a critical statistical 
analysis, at least 500 single cells, dispersed in four quadrants of the smear, should be counted, 
surely a time-consuming procedure. 

Alternative Ways of Reporting Hormonal Status 

It has been my practice to base the evaluation of the maturation of the squamous epithelium on 
an overall visual impression gained during the routine screening of smears. Dr. George 
Wied has suggested the term estimogram for this procedure. This simplest of methods has 
not failed in revealing major abnormalities of smear patterns. By comparing the current smear 
pattern with original baseline smears, a good appreciation of changes in smear pattern may be 
gained. Small variations in smear pattern have no diagnostic meaning but may strongly 
influence the indices and thus give a false impression of hormonal “effects.” The reporting of 
smears based on this overall visual impression is always given in reference to age, menstrual 
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history, and possible clinical significance. Some examples follow: 

■ Patient age 35: “Midcycle smear pattern — consistent with functioning ovaries.” 

■ Patient age 52: “Absence of maturation of squamous cells consistent with menopause.” 

■ Patient age 25: “Absence of maturation of squamous cells — abnormal for age.” 

■ Patient age 60: “High level of maturation of squamous cells not consistent with clinical 
menopause. It is assumed that this patient is not receiving estrogens or other drugs that may 
account for this smear pattern.” 

DETERMINATION OF THE TIME OF OVULATION FROM CERVICOVAGINAL 
SMEARS 

A precise determination of the time of the ovulation is important in artificial insemination and 
in in vitro fertilization, which incidentally is also valuable in animal husbandry. Hormonal 
patterns of cervicovaginal smears were used as a guide for embryo transfer in in vitro 
fertilization with fair results (Bercovici et al, 1988). Boquoi and Hammerstein (1969) reported 
that vaginal hormonal cytology correlated poorly with hormonal patterns of urinary steroid 
hormone secretion in patients in whom ovulation was induced with clomiphene citrate. The 
use of the cervicovaginal smears to establish the time of ovulation or the status of the 
endometrium has been of limited reliability in the author's hands. Under the best of 
circumstances, the timing of the highest count of flat superficial squamous cells, reflecting the 
peak of estrogen activity just prior to ovulation, requires the analysis of two or more cycles. 
Furthermore, in some patients, particularly in those with disturbances of ovarian function, the 
ovulation pattern may not occur, or the change may be insignificant and difficult to assess. It is, 
therefore, recommended that cytologic methods for estimation of ovulation or status 
of the endometrium be supplemented by other procedures, such as temperature 
curves and endometrial biopsies. The examination of endocervical mucus may also be 
of assistance. Cyclic changes in the physicochemical properties of the cervical mucus have 
been known for a great many years. Prior to ovulation, the mucus tends to be viscous and when 
placed on a glass slide, form crystalline, fern-like structures, whereas at the time of and after 
ovulation, the mucus is more liquid and does not crystallize (see Chap. 8). Occasionally, 
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crystallized mucus may be observed in cervical smears. 

As discussed in Chapter 8, it has been suggested by Affandi et al (1985) that the endocervical 
cells participate in the cyclic menstrual changes and that their morphology reflects the 
proliferative and secretory phases of the endometrium. During the preovulatory 
proliferative phase of the cycle, the endocervical cell cytoplasm is opaque and the nuclei 
spherical. During the postovulatory secretory phase, the endocervical cells obtained on the 
20th day of the cycle displayed abundant, clear cytoplasm and nuclear “distortion” or “nipples.” 

If the ovulation has not taken place, the cytoplasm of the endocervical cells remains opaque, 
and the nuclear “nipples” do not appear. Although anecdotal observations support the concept, 
the method has not received critical evaluation. 

CYTOLOGIC EVALUATION OF MENSTRUAL DISORDERS 

Cytologic hormonal evaluation may be of assistance in the evaluation of amenorrhea 
(cessation of menses), in women who have never menstruated (primary amenorrhea) or 
who stopped menstruating at a young age after a period of normal menses (secondary 
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amenorrhea). The most obvious cause of temporary secondary amenorrhea is pregnancy, 
which was discussed in Chapter 8. Hormonal cytology is of little help in the evaluation of 
abnormal bleeding, such as meno- and metrorrhagias. 

Amenorrhea 

In primary or secondary amenorrhea, a vaginal smear may be of value in determining whether 
the disorder is due to an absence of ovarian function or to other factors. A smear that 
fails to show any evidence of maturation of squamous cells indicates an absence of 
ovarian activity. This disturbance may be due to a primary ovarian deficiency or a failure 
of the pituitary, known as Simmond's disease. Patterns with partial maturation of squamous 
cells suggestive of some measure of ovarian activity, may also be associated with amenorrhea. 

On the other hand, normal maturation of squamous epithelium indicates the presence of 
ovarian function that is sometimes vested in undescended testes (see below). Disturbances 
of the menstrual cycle due to excessive activity of hormones with estrogenic effect will be 
discussed below. 

Primary Amenorrhea 

In many of the patients who have never menstruated, there is a major congenital disorder of 
their reproductive apparatus. Some of these patients have a congenital absence of the 
uterus or a congenital deficiency of the pituitary gland. Others, although provided with 
female external genitalia and female secondary sex characteristics, may be either 
genetic males or have no genetic sex at all; in the cells of such patients, the sex 
chromatin (Barr body) will be absent. Hence, in the cytologic investigation of patients with 
primary amenorrhea, the presence or absence of Barr bodies must be ascertained, 
together with the estimation of the level of maturation of the squamous epithelium. 

The vaginal smear is an excellent medium, serving both purposes. Table 9-1 summarizes the 
pertinent cytologic findings in this group of patients. 

Gonadal Dysgenesis: Turner's Syndrome 

Patients with this congenital disorder have only 45 chromosomes because one of the X 
chromosomes is absent. This chromosomal pattern is designated as XO (see Chap. 4). The 
disorder is found with considerable frequency in spontaneously aborted products of conception. 

Most surviving patients are of short stature, have a short webbed neck, and their arms and 
forearms form a wide angle (known as cubitus valgus). The patients have a vagina and poorly 
developed female breasts. The uterus, if present, is rudimentary and the gonads are absent or 
represented by a band of fibrous tissue or streaks. Other congenital abnormalities, such as 
coarctation of the aorta, multiple pigmented nevi, and renal anomalies, may occur, as initially 
described by Turner (summary in Sanger, 1996). These patients do not menstruate. The 
cervicovaginal smears of such patients fail to show any maturation of the squamous 
epithelium and thus mimic the pattern of epithelial atrophy of advanced menopause. 

Sex chromatin is absent. This type of vaginal smear is unique and diagnostic of this disorder 
(Fig. 9-1). 

Other Forms of Gonadal Dysgenesis 

Variants of gonadal dysgenesis, such as XO-XY mosaicism or XX with gonadal streaks have 
been described in patients with female phenotype, a vagina, and occasionally an enlarged 
penis-like clitoris. The patients do not menstruate. The smear pattern and the presence of sex 
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chromatin depend on the karyotype. In patients with XX karyotype, there may be some 
maturation of squamous cells and the sex chromatin is usually present. In mosaics, its presence 
is variable. In genetic males in whom rudimentary testes can be observed, the sex chromatin is 
absent. 



TABLE 9-1 PERTINENT CYTOLOGIC FINDINGS IN PRIMARY AMENORRHEA 



Epithelial Maturation Sex Chromatin 



Turner's syndrome 


Absent 


Absent 


Other forms of gonadal dysgenesis 


Variable 


Usually absent 


Syndrome of feminizing testes 


Present 


Absent 


Pituitary insufficiency 


Variable 


Present 


Congenital absence of uterus 


Normal 


Present 
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Figure 9-1 Turner's syndrome. Cervicovaginal smear in a 26-year-old woman with XO 
karyotype. Note absence of maturation of squamous cells and of sex chromatin (Barr) 
bodies. 



The Syndrome of Feminizing Testes (Male Pseudohermaphroditism) 

In this uncommon disorder, the patients are genetic males with 46 chromosomes (XY). The 



435 / 3276 



Koss' Diagnostic Cytology & Its Hi&opajMogiic B’aafe^tSth SdMenstrual Disorders and Hormonal Abnormalities 

patients have either undescended or partly descended testes, which produce female 
sex hormones and accordingly induce both primary and secondary female sex characteristics, 
except for the absence of the uterus and, hence, absence of menses. Acongenital error in 
testosterone biosynthesis has been documented in these patients. The cervicovaginal smears 
fail to show any sex chromatin but the level of maturation of the squamous epithelium is 
significantly better than that in gonadal dysgenesis, occasionally reaching full maturation 
(Rakoff, 1961). Because there is danger of the occurrence of a malignant tumor (seminoma) in 
the undescended testes, surgical ablation of the gonads is often performed in this condition. 
Subsequently, parenteral therapy with estrogens is used to supplant the removed source of 
hormones. The cervicovaginal smear is an excellent means of following the effects of 
treatment on these patients. 

In passing, it must be noted that another genetic abnormality in males, the Klinefelter's 
syndrome, may also be recognized by cytologic techniques. Smears of oral cavity are an 
excellent medium of diagnosis of this chromosomal disorder by finding sex chromatin bodies, 
corresponding to the XXY karyotype (see Chap. 4). 

Other Causes 

Amenorrhea may also occur because of congenital pituitary insufficiency. Some of the 
patients with the classic clinical syndrome of dwarfism may show complete absence of 
maturation in the vaginal smears, but their sex chromatin pattern is normal. In other patients, 
primary amenorrhea may be due to the absence of follicle-stimulating hormone (FSH) of 
the pituitary. Such patients may appear clinically within normal limits. Their vaginal smears 
show variable degrees of maturation of the squamous cells; their sex chromatin pattern is 
normal. Amenorrhea resulting from congenital absence of the uterus results in vaginal 
smears compatible with ovarian function and a normal sex chromatin pattern. These and many 
other related disorders are caused by single-gene mutations (Adashi and Hennebold, 1999). 

Secondary Amenorrhea 

In the absence of pregnancy, secondary amenorrhea in a patient of childbearing age with an 
intact uterus indicates a temporary or permanent arrest of normal ovarian function. 

Except for iatrogenic castration, the value of the vaginal smear in the hormonal evaluation of 
secondary amenorrhea is far smaller than in primary amenorrhea. Sex chromatin is present 
in all patients, and the effects of various ovarian disorders are unfaithfully mirrored in the 
maturation patterns of squamous cells. 

It is important to note that, in the presence of functioning ovaries, a prolonged absence of 
endometrial turnover may lead to endometrial carcinoma (see Chap. 13). 

Disturbances of Ovulation (Polycystic Ovarian Disease, Stein-Leventhai 
Syndrome) 

This group of patients shows a wide spectrum of clinical disorders with the common 
denominator being the failure of release of the ovum from the maturing ovarian follicle. 

As a result, the estrogen-producing follicles persist, becoming enlarged and cystic. In such 
patients, the postovulatory part of the cycle is usually absent: there is no transformation of 
the follicle into a corpus luteum. Consequently, the proliferative endometrium does not enter 
into the secretory phase or the secretory activity is focal or weak. The result of inadequate 
endometrial desquamation is endometrial hyperplasia, or an increase in the absolute amount 
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of the endometrium, accompanied by various degrees of abnormality of endometrial glands 
and, in some cases, endometrial carcinoma (see Chap. 13). Ovarian stroma may show 
transformation into luteinized theca cells, which, in extreme cases, may be sufficiently extensive 
to be mistaken for an ovarian tumor (pseudothecoma of ovary, Koss et al, 1964). The 
accompanying amenorrhea may be intermittent or permanent and may be accompanied by 
episodes of heavy uterine bleeding or metrorrhagia. 

In the group of patients with an ill-defined variant of this group of disorders, the Stein- 
Leventhal syndrome, fibrosis of the ovarian cortex may occur and was thought to be the cause 
of ovulatory disturbances. Indeed, a wedge resection of the ovaries may restore normal cyclic 
bleeding in some patients. However, many such cases show no evidence of cortical ovarian 
fibrosis. 

The clinical setting of these disorders is fairly characteristic; periods of amenorrhea usually 
affect young women in their teens or early 20s. Obesity, hirsutism, diabetes, and 
hypertension are not infrequently observed and may occur either singly or in any combination. 

There is usually no biochemical evidence of either pituitary or adrenal disorders. The 
disturbance may be temporary, with a spontaneous return to normal, but more often it persists 
unless treated. The chief danger lies in the development of endometrial hyperplasia and 
endometrial carcinoma. 
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Cytology 

In view of the arrest of ovulation, one would expect that the vaginal smears of patients with 
Stein-Leventhal syndrome would show a sustained high level of estrogenic activity. This has 
not been our experience, or the experience of Rakoff (1961) or of Bamford et al (1965). The 
cases are too few and inadequately followed for a conclusive statement but, in general, the 
vaginal smears are composed of folded and clustered superficial and intermediate cells, thus 
resembling the postovulatory-type smears (see Chap. 8). Intracytoplasmic glycogenic deposits 
may occur and such smears may mimic the pattern observed in pregnancy. 

Occasionally, however, especially in the presence of endometrial hyperplasia, a high level of 
estrogenic activity may be observed (see also Chap. 13). If sequential smears are taken over 
time, there is usually little variation in smear pattern. Pronounced cyclic variations are rarely 
seen and usually precede an episode of metrorrhagia. 

Effects of Castration 

The effects of castration, either surgical or radiationinduced, may be conveniently followed by 
vaginal smears. The effects of surgical castration are by no means uniform. In fact, complete 
atrophy of the squamous epithelium may not occur for several months or even years. 

Finkbeiner (unpublished data) who observed numerous surgically castrated patients with breast 
cancer, noted that in some of them a drop in the level of maturation of squamous epithelium 
was followed within a few weeks by an improved maturation (Fig. 9-2). This suggests that other 
sources of ovarian-like hormones, possibly the adrenal cortex, are able to step in to replace the 
missing ovaries. The effects of radiationinduced castration are still more variable and, not 
infrequently, the cytologic pattern may fail to reach the stage of complete epithelial atrophy. The 
cytologic evaluation here may be complicated by the effect of radiation on epithelial cells, 
described in Chapter 18. 
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Figure 9-2 Diagrammatic representation of the differential cell count technique for 
hormonal evaluation of vaginal smears. From 200 to 400 cells are counted under high- 
dry magnification, enumerating the percentage of small parabasal, large parabasal, 
intermediate, precornified, and cornified cells as diagrammed. The right-hand portion of 
the diagram illustrates the clinical application of this method of endocrine evaluation in the 
follow-up care of patients with advanced breast cancer. This patient, a 61 -year-old woman, 
who was 8 years postmenopausal, had recurrent inoperable breast cancer with multiple 
osseous and soft-tissue metastases. The individual bars represent a single day's smear 
pattern; the confluent bars are consecutive smears. The preoperative vaginal smears show 
a greater maturation of squamous cells than would ordinarily be expected in a patient of 
this endocrine status, suggesting that this tumor was growing in a relatively rich hormonal 
environment. Combined oophorectomy-adrenalectomy was followed by an excellent 
objective and subjective remission, with measurable regression of disease. The vaginal 
smear response to this procedure is shown. There was again a slight increase in vaginal 
smear maturation just before the appearance of recurrent disease, 10 months 
postoperatively. (Courtesy of Dr. John A. Finkbeiner.) 



OTHER DISORDERS WITH HORMONAL EFFECTS 

Ovarian Tumors 

Certain ovarian tumors, particularly the granulosa cell tumors and the thecomas, may 
produce estrogen-like substances. The resulting clinical disorders resemble those observed in 
disturbances of ovulation, as discussed above. The vaginal smear patterns are generally 
uninformative during the childbearing age. However, granulosa cell tumors may occur in all age 
groups and the finding of a consistently high estrogenic effect in a prepubertal or 
postmenopausal woman warrants investigation of the ovaries. High level of maturation of 
squamous cells after treatment of this tumor may be suggestive of a recurrence (see Chap. 15). 

Ovarian tumors, usually classed as masculinizing (arrhenoblastomas or Sertoli-Leydig cell 
tumors, hilar cell tumors, lipoid cell tumors), are exceedingly rare. Little 
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is known about the effect of these tumors on the vaginal smear. Rakoff (1961) reported the 
finding of an atrophic smear type in two patients with arrhenoblastoma, and a mixed 
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population of squamous cells in a child with “adrenal-like ovarian tumor” (possibly a variant 
of granulosa cell tumor) and in a young woman with “lipoid cell tumor.” Rakoffs studies 
occurred before the current nomenclature of the ovarian tumors was in place and, in the 
absence of histologic data, the tumors cannot be reclassified. 

Precocious Puberty in Girls 

In this uncommon disease affecting young girls and caused by a single-gene defect (Adashi and 
Hennebold, 1999), there is usually the association of premature periodic vaginal bleeding 
and hyperplasia of breasts with a disease of the skeleton (fibrous dysplasia) and cafe-au- 
lait spots on the skin (McClure-Albright's syndrome) (Figs. 9-3 and 9-4). Sequential 
vaginal smears disclose cyclic variation of the smear pattern, as shown in Figure 9-4A, 
corresponding to a cyclic function of the ovary. 




Figure 9-3 Case of precocious puberty, girl 3 years of age. A Photograph shows 
enlarged breasts, cafe-au-lait skin spots, and evidence of vaginal bleeding. B,C. Patterns 
of vaginal smears obtained at an interval of 3 weeks. B. Normal smear pattern for age, with 
no evidence of maturation. C. Marked maturation with superficial squamous cells 
dominating. 



Endometriosis 

Endometriosis may sometimes lead to abnormal uterine bleeding. Although Schmidt and 
Christiaans (1965) claimed that endometriosis results in elevation of the maturation of 
squamous cells, when compared with normal for the time of the cycle, it has been our 
experience that there are no cytologic findings, whether quantitative or qualitative, that would 
permit the diagnosis of endometriosis in vaginal smears. For further discussion of cytologic 
findings in endometriosis, see appropriate chapters. 
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Galactorrhea 

During the period of normal lactation, the vaginal smear pattern is that of the postpartum type 
(see Chap. 8). If 
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normal lactation continues over a period of many months or years, it is usually 
accompanied by amenorrhea and a marked atrophy of the squamous epithelium (Chiari- 
Frommel syndrome). Occasionally, galactorrhea or milk formation may occur independently 
of pregnancy, and this may reflect a serious endocrine disorder, such as a chromophobe 
adenoma of the pituitary (see Chap. 29). In such instances, the smear pattern may show 
moderate proliferation of the squamous epithelium, even in the absence of documented 
estrogen or progesterone activity. 



PTB.B, AGE 3 

MATURATION OF SQUAMOUS CELLS IN VAGINAL SMEARS 





Figure 9-4 Same case as in Figure 9-3. A. Diagrammatic representation of sequential 
vaginal smears. A pattern of cyclic maturation is evident. B. Roentgenogram of a lesion 
affecting the left fibula of this child, which proved to be fibrous dysplasia. 



Hepatic Insufficiency 

Patterns suggesting excessive levels of estrogens may also be noted in the presence of 
hepatic insufficiency. This is generally attributed to failure of the damaged liver cells to 
metabolize estrogens. 

EFFECTS OF HORMONAL THERAPY ON THE SQUAMOUS EPITHELIUM 

Estrogens 

Except during pregnancy, parenteral or oral administration of estrogens and estrogen 
substitutes produces a cytologic pattern of complete maturation of squamous 
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epithelium. The effect is particularly evident in postmenopausal or prepubertal patients and 
may result in a striking and radical change of smear pattern, with a preponderance of single 
flat, superficial cells. Occasionally, very large squamous cells have been observed. Even the 
administration of facial or vaginal creams containing estrogens may be reflected in the 
vaginal smears. There is, however, no direct quantitative relationship between the 
amount of the drug administered and the response of the squamous epithelium. This 
relationship varies significantly from patient to patient. Some patients require large doses of 
estrogens to achieve full maturation of the squamous epithelium; others require very little drug. 

Once the full maturation of the squamous epithelium has been reached, further increases in the 
dosage of the drug will not be reflected in further changes in the smear pattern. The use of the 
vaginal smear as the sole guide in the therapeutic administration of estrogenic substances is 
probably not warranted. 

If estrogen is withdrawn, its effect on the squamous epithelium may linger for some days or 
weeks but the stimulated endometrium may break down with resulting clinical spotting or 
bleeding (withdrawal bleeding). Clusters of endometrial cells may be observed in such 
smears (Fig. 9-5). The effect of estrogens on smear patterns in various conditions is 
summarized in Figure 9-6. 

P.237 




«% 



# 

Figure 9-5 Effect of estrogen. Large, mature squamous cells in the cervicovaginal smear 
of a 70-year-old woman. A cluster of endometrial cells seen in the photograph was shed as 
the drug was being withdrawn (withdrawal bleeding). 



There is considerable controversy about the value of estrogen therapy used to alleviate the 
effects of the menopause. On the one hand, this therapy is beneficial in preventing some of 
the common symptoms, such as hot flashes, and is perhaps useful in preventing osteoporosis. 
On the other hand, the drug may contribute to the development of endometrial hyperplasia and 
carcinoma, although this latter issue is by no means clear-cut (see Chap. 13). Further, the drug 
may contribute to the development of breast cancer (Clemons and Goss, 2002; Chlebowski et 
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al, 2003). Still, it is preferable to use estrogens together with progesterone in a form of cyclic 
therapy to prevent any untoward effects on the endometrium, but the value of this therapy in 
reference to coronary heart disease has been recently questioned (Manson et al, 2003). Still, 
the hormonal effects of the combined therapy may be monitored by cytology. 




Figure 9-6 Schematic representation of effects of estrogens on patterns of vaginal 
smears. The effect is most striking in advanced atrophic menopause (top) and in early 
menopause (center), and results in full epithelial maturation with formation of squamous 
superficial cells. There is no effect on the smear pattern in normal pregnancy (bottom). 
(From Wied G. Hormonal evaluation of the patient through cytologic interpretation. Acta 
Unio Int Contra Cancrum 14: 277-285, 1958.) 



Other Hormones Influencing the Patterns of Squamous Epithelium 
The response to a variety of hormones varies according to the menstrual status of the patient. 
During the childbearing age the administration of progesterone or of androgens, such as 
testosterone, may result in some degree of suppression of maturation of the squamous 
epithelium, with intermediate cells dominating the smear pattern. Intracytoplasmic glycogen 
deposits may be observed in such cells. The effect of androgens on smear patterns in various 
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conditions is summarized in Figure 9-7. 

In women with postmenopausal atrophy, whether spontaneous or iatrogenic, the 
administration of a variety of hormones, such as progesterone, androgens, adrenal cortical 
steroids, or anterior pituitary hormones, may bring about some measure of epithelial 
stimulation in most cases. Thus, cervicovaginal cytology is of a very limited value in assessing 
the effect of these drugs. 

Contraceptive Medication 

The cytologic effect of hormones administered for contraceptive purposes varies according to 
the make-up of the product. The commonly used drugs, composed of a mixture 
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of estrogen and progesterone derivatives, may result in some arrest of maturation of the 
squamous epithelium, occasionally suggestive of a degree of epithelial atrophy. The effect of 
progesterone on endocervical cell morphology is discussed in Chapters 8 and 10. 
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Figure 9-7 Schematic representation of the effects of parenterally administered 
androgens on patterns of vaginal smears. In advanced menopause (top) about 70% of 
women will show moderate epithelial maturation, whereas the drug will be without effect in 
30% of cases. There is no noticeable drug effect on patterns of early menopause (center). 

During the childbearing age (bottom), there may be some arrest of epithelial maturation. 

(From Wied G. Hormonal evaluation of the patient through cytologic interpretation. Acta 
Unio Int Contra Cancrum 14:277-285, 1958.) 



The long-term implanted contraceptive hormonal devices usually contain progestagens 
(Johannisson, 1990). Valente et al (1998) described the long-term effect of one of these drugs 
(depot-medroxyprogesterone acetate) on young users, using the maturation value (MV). Many 
of the users developed amenorrhea, accompanied by atrophic or postpartum patterns of 
smears with significant lowering of the MV, when compared with control patients matched for 
age. Nothing is known about the hormonal effects of a new class of drugs, such as RU 486, 
that interfere with implantation of the ovum and thus effectively induce abortions (Baulieu, 

1989). 

Tamoxifen 

This important estrogen agonist is now widely used in the treatment and prevention of 
carcinoma of the breast. Studies by Eells et al (1990), Lahti et al (1994), and by Friedrich et al 
(1998) pertaining to the impact of the drug on the hormonal pattern of cervicovaginal smears in 
postmenopausal women indicated that these patients have an increased maturation of the 
squamous epithelium. In an elaborate study, Bertolissi et al (1998) studied karyopyknotic 
index (Kl), the maturation index (Ml), and the levels of hormone-binding globulin in 64 
postmenopausal breast cancer patients receiving tamoxifen. Statistically significant increases in 
both indices and the globulin were observed in about 80% of the patients after 30 days of 
therapy and remained stable during the follow-up period of 12 months. This study confirmed 
that the drug induced an early and persistent estrogenic effect on the squamous epithelium of 
the lower genital tract. In a number of personally observed cases, the smear patterns were 
dominated by intermediate squamous cells. Thus, although the drug is an estrogen agonist, it 
does not induce atrophy of the squamous epithelium or prevent its maturation. The 
effect of the drug is similar to that of steroid hormones other than estrogen, as 
discussed above. Gill et al (1998) suggested that tamoxifen induces atypical benign changes in 
squamous cells. 
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We have not seen such changes, and the full significance of this observation will require long- 
term controlled studies. The significance of tamoxifen in the genesis of endometrial 
abnormalities and carcinoma is discussed in Chapter 13. It is not clear whether or not 
tamoxifen is the cause of vaginal adenosis, as described by Genesan et al (1999). For further 
discussion of vaginal adenosis, see Chapter 14. 



TABLE 9-2 THE EFFECT OF DIGITALIS ON MATURATION OF SQUAMOUS 
EPITHELIUM IN POSTMENOPAUSAL WOMEN 

* 

Length of Digitalis Maturation of Squamous 
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Number of Patients 


Therapy 


Epithelium 


20 


>2 yr 


Marked 


3 


<2 yr 


Marked 


3 


<2 yr 


Moderate 


26 


<2 yr 


Atrophy 


r 4 

Controls', 




Moderate 


L 

46 




Atrophy 


* 

As oral digitoxin 0.1 -0.2 mg daily. 

(Navab A, et al. Estrogen-like activity of digitalis. Its effect on the squamous epithelium 
of the female genital tract. JAMA 194:30-32, 1965.) 



Drugs Other Than Hormones 

The antibiotic, tetracycline, may be used to treat inflammatory conditions in the vagina. In the 
course of personal studies on carcinoma in situ of the cervix (see Chap. 11), it became 
apparent that tetracycline vaginal suppositories have a marked desquamatory effect on 
the squamous epithelium of the female genital tract. Smears from treated patients may 
contain sheets of desquamated squamous cells that are difficult to evaluate. At least 1 week, 
preferably longer, should be allowed to elapse after conclusion of treatment before the 
evaluation of the squamous epithelium is undertaken. It is quite likely that other antibiotics 
and perhaps intravaginal medication of any kind may influence patterns of maturation of 
squamous cells. 

Studies by Britch and Azar (1963) and by Navab et al (1965) on the effects of digitalis on 
postmenopausal women revealed that this drug, if administered daily for 2 years or longer, has 
a marked influence on the maturation of the squamous epithelium. The results are summarized 
in Table 9-2. The manner in which digitalis, a compound biochemically related to steroids, 
affects the squamous epithelium of the vagina is unclear. Gynecomastia in men, also 
observed after digitalis therapy, may represent an allied phenomenon. 
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10 

Benign Disorders of the Uterine Cervix and Vagina 

NONINFLAMMATORY AND REACTIVE PROCESSES 

In this chapter, a number of benign epithelial cytologic abnormalities is described. The 
knowledge of these abnormalities is essential in the practice of cytopathology because some of 
these changes must be differentiated from malignant processes. The abnormalities will be 
presented according to the epithelium of origin but in practice may be found side by side in the 
same cytologic preparation. 

SQUAMOUS EPITHELIUM 

Basal Cell Hyperplasia 

This is a frequent finding in the biopsies of the cervix, as it is in other organs, such as the 
bronchus. On histologic examination, there is an increase in the number of layers of small 
basal cells. Consequently, the basal cells form onefourth to one-third of the thickness of the 
squamous epithelium (see Fig. 6-11). However, there are no nuclear abnormalities and the 
maturation of the epithelium proceeds 
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normally above the enlarged basal zone; hence, basal hyperplasia of squamous epithelium 
cannot be detected in smears unless there is a total loss of superficial cell layers or if the 
sample is obtained by energetic brushing. The etiology of the process is unknown but there is 
no evidence that it is related to cancer. 

Leukoplakia 

Leukoplakia (from Greek, leukos = white) is a clinical term describing a white patchy 
discoloration of the squamous epithelium. It is more common on the surface of the cervix 
than in the vagina. In most cases, it is a benign lesion caused by abnormal keratinization of 
the mucosal surface. It must be emphasized, however, that keratinizing precancerous 
lesions of the uterine cervix and occasionally, keratinizing invasive carcinoma, may 
appear as clinical leukoplakia (see Chap. 11). 

Histology 

In benign leukoplakia, the surface of the epithelium is covered by an eosinophilic layer of 
keratin of variable thickness. The keratinized layer is composed of anucleated cells, akin to 
those observed on the surface of the epidermis (Fig. 10-1 A). The lesion may result from chronic 
trauma, prolapse of the uterus, pressure of a pessary, or previous cauterization of the cervix. 

Cytology 
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Anucleated squamous cells (squames), of characteristic pale yellow color in Papanicolaou 
stain, are shed from the surface of the keratinized squamous epithelium (Fig. 10-1B). All stages 
of transition between mature nucleated squamous cells and the anucleated variety may be 
observed: There is a gradual change in the color of the cytoplasm from pink to yellow and the 
gradual disappearance of the nucleus. In the fully keratinized squames, shadows of pre- 
existing nuclei can be observed. Occasionally, brown cytoplasmic granules, akin to those 
seen in the normal superficial squamous cells, may be noted. The actual frequency of 
anucleated squamous cells in cervicovaginal smears is low, estimated by Kern (1991) to be 
about 0.5%. In my opinion, the presence of anucleated squamous cells should be noted in 
the report because of the remote possibility that these cells may have originated from the 
surface of a squamous cancer, masquerading as leukoplakia. Such patients deserve a closer 
clinical look, although nearly all the lesions are benign. In squamous carcinomas with 
features of leukoplakia, anucleated squamous cells are usually accompanied by cells 
with abnormal, hyperchromatic nuclei that allow an accurate diagnosis, as discussed in 
Chapter 1 1 . 




Figure 10-1 Leukoplakia of uterine cervix. A. Biopsy showing a layer of keratin on the 
surface. B. Cervical smear from the same case. The yellow or yellow-orange superficial 
squamous cells are either anucleated (anucleated squames) or show residual traces of 
nuclei. 



Parakeratosis (Pseudoparakeratosis) of Squamous Epithelium 
Histology 

Occasionally, the surface of an otherwise normal squamous epithelium of the uterine cervix is 
lined by a few layers of very small nucleated squamous cells, instead of the usual large, mature 
squamous cells. This disorder is somewhat similar to the abnormalities occurring on the surface 
of the epidermis of the skin (for example, in psoriasis), which are referred to as parakeratosis. 
Therefore, this abnormality of the cervix epithelium was named pseudoparakeratosis. 

Cytology 

In cervical smears, large sheets of irregularly-shaped, small squamous cells, about 10 pm 
in diameter, with basophilic or eosinophilic cytoplasm, may be observed (Fig. 10-2A). The nuclei 
are spherical, of even sizes, often somewhat eccentric and usually pyknotic (Fig. 10-2B). The 
cause or the exact frequency of this benign abnormality is unknown. Voytek et al (1996) 
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observed similar small cells in benign lesions but also in the presence of low- and high-grade 
squamous neoplastic lesions of the cervix. It is not certain whether this association is incidental. 

Still, the recognition of the pseudoparakeratotic cells as benign is sometimes very difficult 
because of their nuclear features. In case of doubt, colposcopy and biopsies of the cervix 
should be recommended. Frable (1994) included such cells among the litigation 
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cells that are difficult to classify and may be the subject of a dispute as to their exact 
significance. 





• 
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Figure 10-2 Pseudoparakeratosis or parakeratosis. A The cervical smear at survey 
magnification shows large sheets of very small squamous cells. B. At higher magnification, 
the spherical or slightly irregular cells have uniform, dark nuclei. 



Somewhat similar cells were observed by Meisels and Fortin (1976) in human papillomavirus 
(HPV) infection and were named dyskeratocytes. Dyskeratocytes, as described and 
illustrated, are small elongated, spindly cells forming sheets with similar nuclear 
characteristics to pseudoparakeratotic cells described above. Meisels et al (1976) observed 
HPV virions in electron microscopy of dyskeratocytes. However, in pseudoparakeratosis, the 
underlying epithelium does not show any changes of papillomavirus infection and, therefore, 
the two entities may be similar but are possibly of different etiologies. (See Chap. 11 for further 
discussion of cytologic manifestations of human papillomavirus infection.) 



ENDOCERV/CAL EPITHELIUM 
Basal Cell Hyperplasia 
Histology 

Proliferation of the small, basal endocervical cells, akin to the basal hyperplasia of squamous 
epithelium, may result from chronic inflammation or it may occur spontaneously. In tissue 
sections, several layers of small, round cells are found beneath the columnar 
endocervical cells (see Fig. 6-12). 



Cytology 

Basal cell hyperplasia is rarely seen in cervical scrape smears. However, with the use of 
cervical brush instruments, particularly after a vigorous brushing, basal cell hyperplasia may 
be seen from time to time in the form of flat clusters of small, spherical or polygonal cells, 
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measuring about 10 pm in diameter. The cells have scanty cytoplasm and relatively large, 
dense but regular nuclei, about 8 pm in diameter. The nuclei vary somewhat in size and 
shape and may show mitotic activity. The recognition of the basal endocervical cells is 
easier if well-differentiated columnar cells are attached to the periphery of such clusters (Fig. 

10-3). The role of basal cell hyperplasia as a step in squamous metaplasia of the 
endocervical epithelium is discussed below. 

The significance of basal cell hyperplasia of endocervical epithelium is in the similarity of 
these small benign cells to small cancer cells. The benign cells occur in flat clusters that 
are rarely dispersed. Also, the basal cells lack the nuclear features characteristic of cancer 
cells, described and discussed in Chapter 11. Errors of interpretation of such small cells may be 
twofold: benign basal cells may be mistaken for cancer cells but, more often, the small 
cancer cells are mistaken for benign cells, sometimes with disastrous consequences 
for the patient. 

Squamous Metaplasia 

Squamous metaplasia is a replacement of normal endocervical epithelium by squamous 

epithelium of varying degrees of maturity (see Fig. 6-12). This is a very frequent event that 
may be confined to a small area of the endocervix 
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or may be very extensive and involve the surface epithelium and the glands. Squamous 
metaplasia is a normal, physiological event during maturation of the female genital tract, 
notably in the epithelium of the transformation zone, as discussed in Chapter 8. 



v4W 




Figure 10-3 Basal cell hyperplasia of endocervix. Acluster of relatively small polygonal 
cells attached to well-differentiated endocervical cells. 



Pathogenesis 

Electron microscopic studies, notably by Bonilla-Musoles and Barbera (1970) and by Philipp 



456 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 9l©i -EBIenign Disorders of the Uterine Cervix and Vagina 

(1975), documented that the small basal or reserve cells of the endocervical epithelium have 
the dual potential of differentiating either into mucus-producing normal endocervical cells or into 
squamous cells, a view confirmed by Tsutsumi et al (1993). It is likely that hormones, notably 
estrogens, play a role in the origin of squamous metaplasia. However, because squamous 
metaplasia is often observed in biopsy material from cervices showing chronic inflammation, it 
has also been linked to inflammatory processes. Squamous metaplasia is also observed in 
the presence of intrauterine contraceptive devices and, therefore, may be a reaction to 
mechanical pressure. The precise mechanisms leading to squamous metaplasia must still be 
elucidated. There may be some analogy between squamous metaplasia and the events 
occurring in the formation of the epidermis, as proposed by Sun et al (see Chap. 2). Sun 
documented that the transformation of a simple cuboidal epithelium into mature epidermis of the 
skin is accompanied by a sequential activation of keratin genes of ever higher molecular 
weights (see Fig. 2-25). Still, keratin polypeptides in metaplastic epithelium appear to be unique 
and differ from cytokeratins normally present in the squamous epithelium of the cervix and 
those found in the endocervical epithelium (Gigi-Leitner et al, 1986). 




Figure 10-4 Squamous metaplasia of endocervix. A Afocus of squamous metaplasia 
undermining the endocervical glandular epithelium. B. Various stages of squamous 
metaplasia of the endocervix ranging from mature to immature manifestations of this 
process. C. A cluster of cells from a cervicovaginal smear corresponding to B and showing 
cohesive sheets of metaplastic cells. D. Sheets of metaplastic squamous cells showing the 
characteristic irregular configuration of the cytoplasm. 



The metaplastic epithelium occurring within the area of the transformation zone 
(squamocolumnar junction) is commonly involved in initial neoplastic events affecting the 
uterine cervix, as discussed in Chapter 11. 



Histology 

The earliest stages of squamous metaplasia can be identified as a focus of multiplication of the 
basal cells of the endocervical epithelium. As these small cells grow towards the surface and 
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become larger, their cytoplasm becomes eosinophilic and homogeneous (Fig. 10-4A). The 
glandular epithelium may remain on the surface while the underlying squamous epithelium 
forms increasingly mature cells. In most cases, however, the glandular surface epithelium is 
cast off and the endocervical epithelium is replaced by squamous 
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epithelium that may be either mature, resembling the squamous epithelium of the vagina, 
or immature, composed of smaller squamous cells of intermediate or parabasal type 

(Fig. 10-4B). The term immature, as used here, should not be confused with a malignant 
process. Various stages of transition between normal endocervical epithelium and mature 
metaplastic squamous epithelium may be observed. By special stains, mucus may nearly 
always be demonstrated in the cytoplasm of the metaplastic cells, indicating close 
relationship to the endocervical epithelium. Squamous metaplasia may replace the endocervical 
mucosa lining the endocervical canal or endocervical glands. Squamous metaplasia of 
endocervical glands may be discrete and focal, or diffuse. In extreme cases, one or several 
glands may be filled with squamous epithelium. If the metaplastic squamous epithelium is 
immature, the finding may mimic a neoplastic process, as discussed below under atypical 
metaplasia. 

Cytology 

Only immature squamous metaplasia can be identified in cytologic material because 
cells derived from mature metaplasia cannot be distinguished from normal squamous cells. 

Squamous metaplasia of the endocervical mucosa can be diagnosed with certainty in 
cervical smears if flat sheets of polygonal parabasal squamous cells with basophilic or 
eosinophilic cytoplasm are contiguous with columnar endocervical cells (Fig. 10-4C). 

Within the sheets, the metaplastic squamous cells usually form clearly visible cell borders. 

One surface of the sheets is often flattened, corresponding to the surface of the metaplastic 
epithelium. Occasionally, the clusters of metaplastic cells are loosely structured and are 
composed of angulated squamous cells (Fig. 10-4D). On close inspection, the distinct 
flattening of the surface of the cluster is evident and sometimes there are transitions toward 
well-formed, mucus-producing columnar endocervical cells. 

The cytoplasm of the metaplastic cells is either basophilic or eosinophilic and may show 
fine vacuoles in which mucus can be demonstrated by special stain. Occasionally, the 
vacuoles can be large and may be infiltrated with polymorphonuclear leukocytes. The 
nuclei of the metaplastic cells are spherical, measuring on the average 8 pm in diameter, but 
may be larger. Within the nuclei, small chromocenters and occasionally tiny nucleoli may 
be observed. Rarely, small spindly keratinized cells with slender pyknotic nuclei may 
originate from the surface of squamous metaplastic epithelium. 

Unfortunately, metaplastic cells in their classical configuration in sheets are not always 
present in cell preparations, particularly those collected in a liquid medium and 
subsequently dispersed. In such preparations, the parabasal metaplastic squamous cells 
occur singly and are usually characterized by irregular, polygonal configuration with 
cytoplasmic processes, or spikes, as commonly observed in parabasal cells removed from 
their epithelial setting. The cytoplasmic processes are an artifact occurring during smear 
preparation by extensions of the cytoplasm at points of desmosomal junctions with 
adjacent cells. As the cells are being separated during smear preparation, the solid 
desmosomes resist rupture better than the elastic cytoplasm, which, as a consequence of 
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mechanical stretching, becomes elongated at points of junction. Occasionally, one surface of 
these cells is flat, corresponding to the lining of the endocervical canal (see Fig. 10-8A). 

As has been discussed in Chapter 8, the mere presence of parabasal squamous cells in a 
cervicovaginal smear is not diagnostic of metaplasia. Such cells may originate from the 
squamous epithelium of the vagina or the cervix under a variety of circumstances unrelated to 
metaplasia. The term metaplastic cells that has been suggested for parabasal cells, while 
picturesque, is not always scientifically sound. 

Several attempts have been made to distinguish metaplastic cells from parabasal cells derived 
from native squamous epithelium by identification of keratins of various molecular weights. 

Thus, keratins 15, 16 and, occasionally, keratin 6 were observed in endocervical reserve cells 
and in squamous metaplasia (Smedts et al, 1993) whereas positive stain for keratin 17 was 
found useful in the differentization of metaplastic cells from normal parabasal cells (Martens et 
al, 1999). 

Still, if angulated parabasal cells are trapped in the endocervical mucus or if the sample 
has been removed directly from the transformation zone or the endocervical canal by 
an instrument, such cells may be considered as adequate evidence that the smear is 
representative of the endocervical epithelium undergoing squamous metaplasia. The 

information on the value of such findings in liquid preparations as evidence of smear adequacy 
is not available. This issue is important in ensuring the adequacy of cervical smears, discussed 
in Chapter 8. 

Atypical Squamous Metaplasia 

Occasionally, the component cells of squamous metaplasia in tissue and smears show slight to 
severe abnormalities. The slight changes are cell and nuclear enlargement or 
binucleation confined to a few cells within the cluster (Fig. 10-5A). Although, in my 
experience, slight abnormalities of metaplastic cells are usually of no consequence to the 
patient and the biopsies in such cases disclose minimally atypical metaplasia, more severe 
changes, described below, often require further investigation of the patient. 

More severe changes in metaplastic cells include significant cellular and nuclear 
enlargement, variability in nuclear sizes, coarse granulation of chromatin and the 
presence of prominent nucleoli (Fig. 10-5B-D). Some of these changes may resemble 
“repair,” discussed below. Because the precise identification of such changes is difficult, their 
classification as “metaplastic” or “endocervical” may depend on the preference of the observer. 

No doubt some of these abnormalities could be classified as atypical squamous or 
endocervical cells of unknown significance (ASCUS or AGUS), which will be discussed in 
detail in Chapter 11. On further investigation, many such patients 
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are subsequently shown to harbor precancerous lesions or even cancer of either squamous 
or endocervical type. Therefore, patients with marked nuclear changes (Fig. 10-5B-D) 
should have the benefit of a close, careful follow-up, including colposcopy and 
biopsies of cervix, particularly if, in addition to cell clusters, single abnormal cells are present 
in the smear. The role of testing for human papillomavirus in such cases is discussed in 
Chapter 1 1 . 
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Figure 10-5 Atypical squamous metaplasia. A A cohesive sheet of metaplastic 
endocervical cells showing nuclear enlargement and small nucleoli. B. Asheet of 
metaplastic cells showing significant nuclear enlargement. There was no evidence of a 
neoplastic lesion in this patient. C. Asheet of metaplastic endocervical cells showing 
variability in nuclear sizes. D. Asheet of metaplastic cells showing the “honeycomb” 
arrangement with clearly visible cell borders. The sizes of the nuclei are variable. 



Tubal and Tubo-Endometrioid Metaplasia 

Besides common squamous metaplasia, the endocervical epithelium occasionally shows 

features of tubal or endometrial epithelium, sometimes side by side. The condition has 
been labeled metaplasia, although in all probability, it represents a common variant of normal 
endocervical epithelium. As noted in Chapter 8 and described in detail by Babkowski et al 
(1996), ciliated endocervical cells are invariably present in the upper, proximal reaches 
of the normal endocervical canal. 

Histology 

In 1990, Suh and Silverberg described tubal metaplasia as a replacement of the normal 
epithelium, lining the endocervical surface and glands, by epithelium of tubal type, composed 
of columnar ciliated cells, clear secretory cells, and intercalated cells (Fig. 10-6A). The 
secretory cells may show apocrine snouts, or small cytoplasmic projections, on their surfaces. 
The variant is common, as it was found in 31% of surgical specimens by Jonasson et al (1992). 
Some of the endocervical glands may also show the features of endometrial epithelium, 
occasionally accompanied by endometrial stroma, and thus suggestive of endometriosis 
(Oliva et al, 1995). The tubal or endometrial lining may form papillary projections and show 
cystic dilatation. All these features confer on the endocervical glands an unusual aspect that 
may vaguely resemble precursor lesions of endocervical adenocarcinoma, discussed in 
Chapter 12. However, the cells lining the endocervical glands usually do not show any 
significant nuclear abnormalities and are, therefore, consistent with benign lesions. 

However, personal experience shows that in some of these lesions, the ciliated epithelium 
and adjacent endocervical glands may show marked abnormalities in the form of 
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accumulation of small, highly abnormal cells with irregular, hyperchromatic nuclei, 
strongly suggestive of a small cell carcinoma. This observation received strong support 
from work by Schlesinger and Silverberg (1999) who described several 
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cases of endocervical carcinoma in situ of tubal type and stressed that the mere 
presence of ciliated epithelium does not guarantee that the lesion is benign. 




Figure 10-6 Tubal metaplasia. A. Biopsy of endocervix showing glands with ciliated 
surface and minor variability in nuclear sizes. B. Ciliated endocervical cells with somewhat 
hyperchromatic nuclei of even sizes. C. A sheet of endocervical cells from the upper 
reaches of the endocervical canal showing dark, somewhat enlarged nuclei of even sizes. 



Cytology of Tubal Metaplasia 

With the widespread use of rigorous endocervical brushing techniques the presence of ciliated 
endocervical cells has become much more common in cervical smears than with the use of 
cervical scrapers. Thus “tubal metaplasia” became a recognized cytologic entity. In brush 
smears in some cases of tubal metaplasia, one can observe sheets of essentially normal 
ciliated endocervical cells with enlarged hyperchromatic nuclei (Fig. 10-6B,C). In some such 
cases, the nuclear abnormalities may be significant and the cells may be classified as atypical 
glandular cells of unknown significance (AGUS), requiring further investigation. Ducatman 
et al (1993) also claimed that one could recognize in smears the “peg cells,” characterized by 
“dark and granular cytoplasm and elongated nuclei.” We have not been able to identify such 
cells with certainty. 

Cytologic Abnormalities in Tubal Metaplasia 

Novotny et al (1992) claimed that tubal metaplasia may shed abnormal cells that can be 
mistaken for cells derived from precursor lesions of endocervical adenocarcinoma. 

These authors provided an elaborate table, listing the cytologic features of both types of 
lesions. This has not been my experience. As mentioned above, in several cases seen in 
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consultation in which smears contained ciliated cells accompanied by small abnormal or 
suspicious cells, the corresponding biopsy material disclosed marked abnormalities of 
endocervical glands and adjacent endocervical epithelium, consistent with a malignant 
process. Within the neoplastic epithelium, ciliated cells were occasionally present. These 
observations confirm that cytologic abnormalities always have their counterpart in 
corresponding histologic material and are in keeping with the concept of carcinomas 
with ciliated cells, perhaps developing in tubal metaplasia, as described by Schlesinger 
and Silverberg (1999). For further discussion of precancerous lesions of the endocervical 
epithelium, see Chapter 12. 

Endometriosis 

It has been mentioned above that Oliva et al (1995) observed the presence of endometrial 
stromal cells in areas of endometrioid metaplasia of the endocervix, consistent with the 
diagnosis of endometriosis. Similar observations were reported by Yeh et al (1993). No specific 
histologic or cytologic abnormalities were attributed by these authors to the histologic findings. 
However, Mulvany and Surtees (1999) reported that the cervical brush smears in 7 of 10 
cases of endometriosis located in the uterine cervix or vagina contained cells 
interpreted as consistent with endocervical adenocarcinoma, either invasive or in situ. 

The cytologic 
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abnormalities consisted of nuclear hyperchromasia, large cohesive cell clusters, and the 
presence of mitotic activity and of necrotic cells, described as “apoptosis.” Similar 
observations were reported by Hanau et al (1997). The histologic findings in these cases 
disclosed various degrees of atypia in the glands which, in two cases, was “severe.” Although 
Mulvany and Surtees did not classify the abnormalities as malignant, it is well known that 
endometrioid carcinomas may originate in the endometriotic glands (Koss, 1963; Brooks and 
Wheeler, 1977; Mostoufizadeh and Scully, 1980). These abnormalities must be considered in 
the differential diagnosis of endocervical adenocarcinoma. 

Lesions Erroneously Classified as Metaplasia 

There are few, if any, fields of microscopy that are as difficult to interpret as cervicovaginal 
cytopathology. The difficulty is compounded by the facts that many of the precancerous lesions 
of the uterine cervix have an unpredictable behavior and may require many years of follow-up 
until their true nature becomes evident, as discussed in Chapter 11. The interpretation of the 
cytologic material and of histologic patterns in biopsy material may be equally difficult and the 
separation of the atypical metaplastic processes from true neoplasia may depend on the 
judgment, training, and experience of the observer. Some investigators have suggested 
that human papillomavirus typing may help in the final classification of such difficult lesions 
(Crum et al, 1997) but this expensive technique is not always available and not necessarily 
reliable. It is, therefore, not surprising that under the term of “metaplasia,” several entities 
have been described in recent years that in the judgment of this writer are an 
erroneous and misleading misclassification of lesions that belong to the spectrum of 
precancerous lesions of the uterine cervix. 

Trivijitslip et al (1998) described a papillary immature metaplasia (PIM), a form of somewhat 
atypical metaplasia with formation of papillary folds. This abnormality was thought to represent 
an immature form of condyloma of the uterine cervix epithelium and was attributed by 
Mosher to infection with nononcogenic papillomaviruses types 6 and 11. Still, in a further study 
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of PIM by Trivijitslip and Mosher (1998), three of nine patients with PIM harbored a high- 
grade squamous intraepithelial lesion. Thus, PIM should be included in the spectrum of 
precancerous events in the uterine cervix. 

A particularly dangerous concept has been introduced into cervical cytology by Dressel and 
Wilbur (1992) under the term atypical immature squamous metaplastic cells. Atypical 
metaplastic cells are small cancer cells that have some superficial similarity to 
metaplastic cells but differ markedly by the configuration of nuclei. Such cells are 
described and discussed in Chapter 11. In an elaborate study, Geng et al (1999) confirmed the 
neoplastic nature of “atypical immature metaplasia.” In 12 of 15 patients in whom the presence 
of human papillomavirus DNAwas documented by polymerase chain reaction, a concurrent or 
subsequent diagnosis of a high-grade squamous epithelial lesion was established on biopsies. 
Park et al (1999) concluded that observer agreement in the differential diagnosis of this lesion 
from a high-grade neoplastic lesion was poor and not assisted by HPV typing. 

Another misleading concept has been introduced by Egan and Russel (1997) under the name 
of transitional (urothelial) cell metaplasia of the uterine cervix. The entity was also 
described by Weir et al (1997) but was strenuously rejected by Koss (1998). In my judgment, 
many of the lesions described represent intraepithelial neoplastic lesions of the uterine 
cervix undergoing atrophy and occurring mainly in postmenopausal women. Hamden et al 
(1999) admitted that the so-called transitional metaplasia lacks the cardinal features of the 
urothelium. In many such cases, the cytologic and biopsy findings suggested a high-grade 
squamous intraepithelial lesion (HGSIL). 

The entities inappropriately classified as metaplasia are discussed again in Chapter 11 
together with other precancerous lesions of the cervix. 

Microglandular Hyperplasia of Endocervical Glands 

In 1967, Taylor et al reported that, in biopsies of patients receiving contraceptive hormones, a 
marked proliferation of small endocervical glands may be observed. The lesion may be 
polypoid and imitate an endocervical polyp or, in rare cases, adenocarcinoma of the cervix or 
endometrium (Young and Scully, 1989). Numerous other reports were published subsequent to 
Taylor's paper, generally attributing this lesion to contraceptive medication containing 
progesterone (recent summary in Candy and Abell, 2001 ). There is no doubt, however, that 
such lesions may also be observed in the absence of contraceptive medication, in 
pregnant and postmenopausal women, and, in about onefourth of all cases, without an 
obvious cause at all. 

Histology and Cytology 

In tissue sections, microglandular hyperplasia consists of a grouping of well-formed 
endocervical glands of markedly variable sizes. The glands are lined by normal endocervical 
cells. The proliferation of smaller glands may deceptively suggest an invasion of the stroma and 
thus adenocarcinoma (Fig. 10-7A). Unusual histologic presentation of these lesions may 
include areas of solid growth and mucus-containing signet ring cells (Leslie and Silverberg, 
1984; Young and Scully, 1989). In some such cases, the differentiation from endocervical or 
endometrial adenocarcinoma may cause problems. Clinical history and absence of mitotic 
activity and nuclear abnormalities are usually sufficient to reach the correct diagnostic 
conclusion. 

On the other hand, some well-differentiated carcinomas may sometimes mimic microglandular 
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hyperplasia. Nuclear abnormalities and mitotic activity are present in such lesions (Young and 
Scully, 1992). It has been suggested by Daniele et al (1993) and Alvarez-Santin et al (1999) 
that microglandular hyperplasia can be recognized in cervical brush smears by the presence of 
2- and 3-dimensional fenestrated clusters of endocervical cells, some forming small, gland-like 
structures 
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(Fig. 10-7B). In order to secure such clusters, a very energetic brushing of the endocervix is 
required. In our experience, there are no specific cytologic abnormalities that would 
allow a reproducible recognition of microglandular hyperplasia. Some of the findings 
described are most likely artifacts caused by endocervical brushings (see below). However, 
some observers reported marked cytologic abnormalities associated with microglandular 
hyperplasia (Valente et al, 1994; Selvaggi and Haefner, 1997; Selvaggi, 2000). It is our 
judgment that, in such cases, the microglandular hyperplasia is an incidental biopsy finding. 

There is excellent evidence that the presence of microglandular hyperplasia does not rule 
out the presence of precancerous intraepithelial lesions of the cervix, as first pointed out 
by Nichols and Fidler (1971 ), or, for that matter, one of the rare cervical or endometrial 
adenocarcinomas mimicking microglandular hyperplasia (Young and Scully, 1992). Thus, 
the presence of atypical cells in smears calls for a careful investigation of the uterine cervix by 
methods discussed in Chapters 11 and 12, regardless whether or not microglandular 
hyperplasia is present. 




Figure 10-7 Microglandular hyperplasia. A Section of endocervix showing numerous 
glands of uneven sizes and configuration, separated by fibrous stroma and lined by 
cuboidal cells of even sizes. B. A large complex fragment of endocervical epithelium in a 
brush specimen, conceivably reflecting microglandular hyperplasia. 



Other Benign Abnormalities of Endocervical Glands 

Tunnel clusters is an arrangement of endocervical glands forming small tubules or “tunnels” 
(Fluhmann, 1961 A). A cystic form of this abnormality has been described (Segal and Hart, 
1990). 

Mesonephric hyperplasia is a proliferation of the remanents of Gartner (mesonephric) ducts 
usually located within the smooth muscle of the cervix (Ferry and Scully, 1990; Jones and 
Andrews, 1993). 

Endocervicosis is a proliferation of histologically normal endocervical glands in an abnormal 
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location, such as the outer rim of the uterine cervix or the urinary bladder (Young and Clement, 

2000 ). 

These lesions may be confused with endocervical adenocarcinoma in tissue sections. 

There is no systematic study of the cytologic presentation of these benign lesions. Anecdotal 
evidence suggests that there are no specific cytologic abnormalities that would allow their 
recognition. The cytologic presentation of Gartner (mesonephric) duct carcinoma is described 
in Chapter 12. 

ABNORMALITIES OF THE TRANSFORMATION ZONE EVERSION OR 
ECTROPION (‘EROSION") OF THE CERVIX 

As discussed in Chapter 8, the squamous and endocervical types of epithelium usually meet 
within the squamocolumnar junction or the transformation zone of the uterine cervix. In 
some young women, the two epithelia meet on the surface of the vaginal portio of the cervix, 
outside of the external os. As a consequence, a sharply circumscribed red patch appears 
on the vaginal portio of the cervix, adjacent to the external os. The patch is lined by the 
delicate endocervical glandular epithelium, which is transparent. The visible vessels of the 
cervical stroma give the area the red appearance on visual inspection. Because to the naked 
eye the patch may mimic an ulcer, the faulty clinical term of erosion has been applied to the 
lesion. The correct term is eversion or ectropion (from Greek: ek = out, trope = a turning). 

The ectropion may occupy a small segment of the visible cervix or surround the external os 
(circumoral erosion). The importance of the ectropion is largely clinical, inasmuch as the red 
patch must be differentiated from true ulceration of the cervix due to inflammation or to 
cancer. 

Histology and Cytology 

The patch is lined by typical endocervical epithelium, sometimes forming papillary folds, 
containing a normal, occasionally hyperemic stroma (Fig. 10-8A). It is not uncommon to find a 
few normal endocervical glands in the area 
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of the ectropion. Direct cervical smears contain only fragments of benign endocervical 
tissue and single columnar endocervical cells (Fig. 10-8B). Because the delicate 
epithelium lining the area is readily damaged during the process of obtaining smears, fresh 
blood is often present in the cytologic specimen. If a portion or all of the everted endocervical 
mucosa has undergone squamous metaplasia, squamous cells of varying degrees of maturity 
will appear in smears. The cytologic picture is vastly different from inflammatory or neoplastic 
lesions that may also occur in this part of the cervix, as described below and in Chapter 1 1 . The 
eversion requires no treatment because, with the passage of time, it will undergo squamous 
metaplasia. 
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Figure 10-8 Eversion of endocervical mucosa. A Histologic section showing the 
surface of the transformation zone lined by endocervical epithelium. Foci of squamous 
metaplasia are present. B. Sheet of normal endocervical cells characteristic of eversion in 
cervical smears. 



REPAIR (FLORID SQUAMOUS METAPLASIA) 

The term repair has been introduced into the field of gynecologic cytology by Bibbo et al 
(1971) and by Patten (1978). These authors described atypical cells of endocervical and 
squamous origin with a number of abnormal cytoplasmic and nuclear features in patients with 
recent past history of radiotherapy to the uterine cervix, recent hysterectomy, other clinical 
procedures, such as cautery or biopsy, past history of severe cervicitis (Bibbo et al, 1971), and 
“partial or complete destruction (of the epithelium) by infection and inflammation” (Patten, 

1978). Thus, this is a very heterogeneous group of patients wherein many different factors may 
account for the cellular abnormalities. Most important, perhaps, histologic evidence of true 
repair of a damaged epithelium (i.e., epithelial regrowth over a defect) has not been provided by 
Bibbo and to a very limited extent by Patten. 

The concept of repair is valid but only under well-defined circumstances, for example, after a 
conization of the uterine cervix or other documented form of epithelial injury. In the histologic 
material, tongues of poorly formed, young epithelial cells bridging the defect caused by 
prior surgery may be observed (Fig. 10-9A). The mechanisms of “repair” or healing of a 
wounded epithelium are extremely complex (Singer and Clark, 1999) and have not been studied 
in the uterine cervix but probably resemble those in the skin. 

Cytology 

A smear obtained approximately 1 week after a procedure damaging the cervical epithelium 
may show some rather characteristic cytologic features. The smears show flat sheets, 
composed of tightly fitting cells, generally resembling metaplastic cells (Fig. 10-9B,C). 
The cells may vary in size and their cytoplasm may be vacuolated and infiltrated with 
polymorphonuclear leukocytes. Occasionally, the cells may show bizarre, sometimes 
elongated configuration. The nuclei of these cells also vary in size, may show some 
degree of hyperchromasia, and, most importantly, contain one or more clearly visible 
nucleoli of variable sizes. Mitotic figures can be observed (Fig. 10-9D). There are usually 
few, if any, single cells with similar characteristics. The background of the smear usually 
shows a great deal of fresh blood and inflammation. 

The manifestations of repair may be particularly difficult to interpret in smears of 
postmenopausal women with epithelial atrophy. The nuclei of the epithelial cells are 
enlarged, of uneven sizes, and hyperchromatic, mimicking malignant lesions. Because the thin 
epithelial lining offers little protection, bundles of spindly cells representing cervical stroma, may 
be present. We observed such cells after cervical biopsies, conization, or energetic curettage. 
“Repair” reaction may occur after surgical procedures, as illustrated above, as a reaction to 
chronic inflammatory events or in the presence of a foreign body or object in the 
endocervical canal. For example, intrauterine contraceptive devices or endocervical 
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polyps may be the cause of such abnormalities (see below). There remain, however, a number 
of patients in whom similar cell abnormalities may be observed in smears in the absence of 
any known events that could account for the “repair.” It is likely that, in such patients, the 
cell abnormalities represent an exuberant 
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or florid squamous metaplasia of the endocervical epithelium. 









Figure 10-9 “Repair.” A The appearance of the cervical epithelium 4 days after a cone 
biopsy. The surface is lined by small, atypical epithelial cells. B. Asheet of epithelial cells 
from the same patient showing marked variability in sizes and configuration, corresponding 
to the young epithelium lining the surface of the cervical defect. C. Irregular flat sheets of 
endocervical or metaplastic cells showing prominent nucleoli. D. A cluster of endocervical 
cells showing marked variability in nuclear sizes and prominent nucleoli. Mitotics figure are 
present (arrows). 



The cytologic changes attributed to repair are similar to those occurring in inflammatory 
changes in the endocervical cells, described further on in this chapter, or in atypical squamous 
metaplasia, described above. The conspicuous atypia, such as shown in Figure 10-9D, may 
reflect a neoplastic lesion, such as a high-grade squamous epithelial lesion or an 
endocervical adenocarcinoma. In such cases, however, the cell clusters are usually 
accompanied by single cells with similar morphologic features (see Chaps. 11 and 12). 
Geirsson et al (1977) analyzed the features of the cells in repair and compared them with cells 
of adenocarcinoma. There was a significant overlap between the two lesions, particularly in 
reference to nucleolar abnormalities. It is virtually impossible to arrive at a conclusive cytologic 
diagnosis in such cases and patients should be evaluated further by colposcopy and 
cervical and endocervical biopsies. The Bethesda System of cervicovaginal smear 
classification, described in Chapter 11, calls for separation of “typical” from “atypical” 
repair. This proposition is not reasonable because the cytologic pattern of repair is atypical by 
definition. For example, Rimm et al (1996) observed that 25% of patients with “atypical repair” 
pattern in smears harbored squamous intraepithelial lesions of low or high grade. Colgan et al 
(2001) reported that in a major survey of laboratories in the United States, repair was the 
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most common source of false -positive and false-negative smears. 

In the absence of supporting clinical or histologic evidence, the concept of repair, although 
occasionally correct, is a dangerous one as it may mislead even an experienced 
observer. Cell abnormalities of considerable magnitude not based on secure clinical 
and histologic data must be investigated further, regardless of label. 

ENDOCERVICAL POLYPS 

This common benign tumor may originate in any area of the endocervical canal. Histologically, 
a polyp is composed of a central connective tissue stalk lined by gland-forming endocervical 
mucosa. Squamous metaplastic epithelium may replace portions of the outer lining and may 
extend to the glands. Inflammation of varying type and intensity is often observed in the stroma. 
Very uncommonly, cervix cancer may start in a polyp. 



Figure 10-10 Repair reaction caused by an endocervical polyp. AB. Marked 
abnormalities of metaplastic squamous cells with very large nuclei and bizarre cell shapes. 



An endocervical polyp cannot be recognized in cervical smears, except for the rare 
events when a fragment of polyp may be observed (Ngadiman and Yang, 1995). Still, polyps 
may cause nonspecific atypias of squamous and endocervical cells. Small, keratinized 
squamous cells with fairly large pyknotic nuclei may be occasionally observed in cervical 
smears corresponding to areas of somewhat atypical squamous metaplasia on the surface of 
the polyp. In rare instances, the pressure of the polyp on adjacent endocervical epithelium may 
cause a florid repair reaction (Fig. 10-10A,B). Upon removal of the polyp, the cytologic 
abnormalities promptly disappear. Nevertheless, this uncommon occurrence represents a 
potentially important source of cytologic error. 

EFFECTS OF INTRAUTERINE CONTRACEPTIVE DEVICES (IUD) 

Sagiroglu and Sagiroglu (1970) documented that intrauterine contraceptive devices produce a 
chronic inflammatory reaction in the endometrium, resulting in the presence of leukocytes and 
macrophages in uterine lavage and in smears obtained directly from lUDs after removal. These 
authors suggested that the principal contraceptive effect of these devices is related to the 
presence of macrophages, which are capable of phagocytosis of spermatozoa. The effect of 
lUDs on the endometrial cytology and smear pattern has been discussed in Chapter 8 and is 
discussed again in reference to endometrial pathology in Chapter 13. 
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Endocervical Epithelium 

The mechanical effect of IUD on endocervical epithelium may result in the shedding of 
columnar endocervical cells with distended, vacuolated cytoplasm. Occasionally, the 
vacuoles may be infiltrated by polymorphonuclear leukocytes, thus mimicking cells of 
endometrial adenocarcinoma (see Chap. 13). The cells may be similar to those observed in 
some instances of squamous metaplasia, described above. The pressure of the IUD on the 
endocervical epithelium may also result in florid squamous metaplasia or the “repair 
reaction,” as shown in Figures 10-9 and 10-10. Although Sagiroglu and Sagiroglu (1970) 
observed innumerable macrophages in smears obtained directly from lUDs after removal, there 
is no evidence that the population of these cells is significantly increased in routine cervical or 
vaginal samples of women wearing lUDs. 

Other Findings 

An important finding in women wearing lUDs is the presence of bacteria, Actinomyces, 
discussed in detail in the second part of this chapter and observed mainly in women wearing 
devices made of plastic for 3 or more consecutive years without replacement. The presence of 
amoebae in smears of IUD users was described by Arroyo and Quinn (1989) and by 
DeMoraes-Ruehsen et al (1980). 

An occasionally disturbing finding in cervical smears from such patients is amorphous debris 
that are sometimes calcified (Fig. 10-11A-C) and occasionally form small, concentrically 
calcified spherical bodies, akin to psammoma bodies. The latter may be surrounded by 
macrophages (Fig. 10-1 ID). Schmidt et al (1980, 1982, 1986) has shown, by electron 
microscopy, that the calcified debris in IUD wearers represents fragments of plastic. There are 
usually few problems with the identification of the calcified debris. However, because 
psammoma bodies are commonly associated with ovarian and sometimes endometrial cancer 
(see Chaps. 13 and 15), the presence of debris mimicking psammoma bodies calls for a 
precautionary examination of the patient after removal of the IUD. The most commonly 
applied procedure is ultrasound of the pelvic organs. 

A number of studies, beginning with the study by Melamed et al (1969) and subsequently 
repeatedly confirmed (Boyce et al, 1972; Ory et al, 1975; Sandmire et al, 1976) noted that 

women using oral contraceptives or wearing IUD were at a higher risk of neoplastic 
cervical lesions than women using barrier contraceptives, such as a diaphragm. These 
differences may be caused by exposure to human papillomaviruses, as discussed in Chapter 
11. Therefore, 
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the screening and evaluation of smears from patients wearing lUDs must be thorough and 
careful, and any abnormalities that cannot be clearly attributed to the device itself should be 
further evaluated and investigated. 
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Figure 10-11 Effects of intrauterine contraceptive devices (IUD). A,B. Calcified debris 
characteristic of this condition. C. Calcified debris with a foreign body giant cell. D. Avery 
small calcified fragment with concentric calcification, surrounded by macrophages, shown 
under high magnification. This structure, although very small, was similar to a psammoma 
body. There was no evidence of neoplasm on careful examination. 



CHANGES INDUCED BY ENDOCERVICAL BRUSHES 

The widespread use of endocervical brush instruments had for its purpose securing cells from 
the endocervical canal to insure adequacy of sampling. However, rigorous use of these 
instruments may also result in cytologic abnormalities that may cause difficulties of 
interpretation. The resulting smear may contain thick clusters of endocervical cells, 
sometimes of complex configuration (such as loose peripheral cells, a phenomenon 
known as “feathering”) that may mimic changes attributed to endocervical carcinoma 
(Fig. 10-12A-C). It is possible that some of the cellular changes attributed to various 
abnormalities of the uterine endocervix, such as tubal metaplasia or microglandular hyperplasia 
are actually brush-induced artifacts. These clusters may persist in liquid preparations and may 
also cause problems of interpretation. The fundamental principle of cytopathology 
requires that all cell abnormalities in smears must find their counterpart in histologic 
material. Lesions incidentally found in histologic material are not necessarily the 
source of cytologic abnormalities and vice versa, without appropriate documentation. 

Wilbur (1995) also pointed out that endocervical brushings present the observer with numerous 
difficult-to-interpret cell images that may be mistaken for various neoplastic lesions. Babkowski 
et al (1996) pointed out that the most complex cell clusters are derived from the upper 
reaches of the endocervical canal and maybe associated with tubal metaplasia (see above). 
Such clusters are occasionally too dense or too complex to interpret as normal and may either 
lead to unnecessary biopsies or result in a request for additional sampling. If the additional 
sampling is performed before the brush-induced injury to the cervical epithelium has 
healed (6 to 12 weeks), the resulting atypia of repair may cause additional interpretative 
difficulties (Fig. 10-1 2D). In my experience, the interpretation of thick, 3-dimensional 
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endocervical cell clusters should be conservative, unless the smear also contains 
abnormal cells singly or in small clusters that are easier to evaluate. It is rare for a 
neoplastic 
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lesion to occur in the form of tightly knit clusters of endocervical cells, without some ancillary 
evidence of disease, as discussed in the appropriate chapters. 




Figure 10-12 Artifacts induced by brushes. A Avery thick, large cluster of endocervical 
cells difficult to analyze. B. Avery large sheet of endocervical cells difficult to interpret. C. 
Thick clusters of endocervical cells with “feathering” mimicking the appearance of 
endocervical adenocarcinoma. D. Marked endocervical repair reaction in a smear obtained 
2 weeks after previous brushing. 



Another consequence of rigorous brushings is the presence of normal endometrial cells in the 
sample. Such small cells, when seen in the endocervical sample may be mistaken for small 
cancer cells. This issue is discussed further in Chapter 8. 

In general, the endocervical brush instruments, hailed as an important advance in 
cervicovaginal cytology because they insure sampling of the endocervical canal, are also a 
source of potential diagnostic errors. 

INFLAMMATORY PROCESSES OF THE FEMALE GENITAL TRACT 
INFLAMMATORY AGENTS 

Inflammatory processes within the female genital tract may be caused by infections with a 
variety of microorganisms and parasites or by physical and chemical agents. Sometimes the 
causes of the inflammation remain unknown as in Behget's disease (Sakane et al, 1999). In this 
chapter, the basic mechanism of inflammation and diseases caused by bacterial, fungal, viral, 
and parasitic agents will be described. The physical and chemical agents are discussed in 
Chapter 18. Most of the organisms responsible for inflammatory processes may be recognized 
in Papanicolaou-stained smears although, occasionally, special stains or procedures may be 
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required for identification. The principal infectious agents are as follows: 

Bacterial agents 

Cocci and coccoid bacteria 

Gram-positive cocci: species of Streptococcus and Staphylococcus 

Gram-negative cocci: Gonococcus 

Gardneretta vaginalis (Haemophilus vaginale or vaginalis) 

Diphtheroids 

Ca/ymmatobacterium granuiomatis Donovan (granuloma inguinale) 

Mycoplasma and Ureap/asma 
Chlamydia trachomatis 

Acid-fast organisms: Mycobacterium tuberculosis, Mycobacterium avium 
Actinomyces 

Spirochaeta pallida (syphilis) 

Organisms that are normally saprophytic but may be associated with infections: 

Lactobacillus (Doderlein bacillus) and Leptothrix 
Other uncommon bacterial agents 

Fungal agents 

Candida species: C. albicans (monilia), C. glabrata (Torulopsis glabrata) 

Aspergillus species 
Coccidioidomycosis 
Paracoccidioidomycosis 
Cryptococcus species 
Blastomyces 
Viral agents 

Herpesvirus types I, II, VIII 
Cytomegalovirus 
Human polyomavirus 
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Measles 

Adenovirus 

Mo/luscum contagiosum (vulva) 

Human papillomavirus, various types (see Chap. 11) 

Other rare viruses 

Parasitic infections and infestations 

Protozoa 

Trichomonas vaginalis 
Entamoeba histolytica 
Entamoeba gingival is 
Balantidium coli 
Helminths (worms) 

Schistosoma haematobium, S. mansoni, S. japonicum 
Filariae 

Intestinal worms 

Enterobius vermicu/aris (pinworm) 

Trichuris trichiura (whipworm) 

Teniae (flat worms) 

T. solium (intermediate host: swine) 

T. saginata (intermediate host: cattle) 

T. echinococcus (intermediate host: dog) 

Other uncommon parasites 
Trypanosomiasis 
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With the spread of the acquired immunodeficiency syndrome (AIDS), in which normal 
immune defenses of the human body are reduced or abolished, unusual organisms (not listed 
above) may be encountered. 

MECHANISMS OF INFLAMMATION 

The female genital tract is a common site of inflammatory processes that may involve the 
vulva, vagina, uterine cervix, endometrium and spread to organs located in the bony 
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pelvis, such as the fallopian tubes, ovaries, and parametria. Many, although not all, of the 
agents causing inflammation may be sexually transmitted (Borchardt and Noble, 1996). 

The predisposing factors are: not fully mature squamous epithelium of the vagina and cervix, 
such as that seen in prepubertal girls or in menopausal women; injury to the endocervical canal, 
especially during pregnancy or delivery; or trauma of any kind. The variations of the vaginal 
acidity (pH) are also significant. Alkaline pH, such as observed during the menstrual flow, 
favors the growth of the common parasite, Trichomonas vaginalis, which does not prosper in an 
acid pH of less than 5. Other microorganisms have other pH requirements. 

Three basic pathways of infection of the genital tract are recognized: 

1 . Direct invasion of the genital tract by pathogens, often sexually transmitted 

2. Spread of an infectious process from an adjacent organ 

3. Blood-borne infections 

Regardless of the pathway or the causative organism, all infectious processes may 
lead to an acute or chronic inflammatory reaction. Although any component of the female 
genital tract can be affected by an inflammatory process, certain agents may favor one type 
of tissue to another. For example, Trichomonas vaginalis infestation affects mainly the 
squamous epithelium of the vagina, cervix, and urethra. Many pus-producing bacteria, such 
as staphylococci and streptococci, find favorable conditions for survival in the endocervical 
canal, whence the infection may spread into the endocervical glands. From the cervix, the 
infectious agents may ascend the endocervical canal and reach the endometrium, the 
fallopian tubes, and thence the pelvic organs, causing pelvic inflammatory disease. 

Other organisms may have a different behavior pattern, as will be discussed below. Because 
the epithelial changes accompanying inflammation may result in considerable cytologic atypias, 
they are reported in some detail. 

Sequence of Events in Inflammatory Processes 

An inflammatory process is a complex reaction of the living tissue to various forms of injury that 
may be caused by a variety of agents, many of them listed above. An excellent summary of the 
current state of knowledge pertaining to mechanisms of inflammation can be found in a paper 
by Luster (1998). Only a simple summary of the key events is provided here. 

Acute Inflammation 

The first event in an acute inflammatory process is injury to the tissue. The common 
cause of injury is pathogenic organisms or physical and chemical agents. The injury causes 
cell death or necrosis which attracts polymorphonuclear leukocytes, principally 
neutrophiles, that invade the affected tissue exiting from the dilated regional capillary 
vessels. This function is governed by chemotactic agents known as chemokines (Luster, 

1998). The role of the neutrophiles is to phagocytize, neutralize and destroy the agent(s) 
causing cell death. There are several consequences of this initial sequence of events. The 
capillary vessels may be injured and blood may seep into the affected area. The neutrophiles 
often die while performing the initial defensive role and release into the surrounding tissues a 
number of proteolytic enzymes that damage the tissues further, increasing the area of 
necrosis. The second echelon of defenses is vested in B and T lymphocytes and in 
macrophages, 
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which enter the area of injury. The macrophages are activated to phagocytize the debris and 
eliminate the damages. In some parasitic infestations, eosinophilic leukocytes may play a 
key role. 

There are several possible outcomes of the initial, acute inflammatory process: 

■ The injurious agent is eliminated, the inflammatory process is contained and healing 
commences, heralded by activation of stromal fibroblasts. The fibroblasts will provide the 
collagen necessary to replace the necrotic, injured tissue, resulting in the formation of a 

scar. 

■ The acute inflammatory process continues with resulting increased necrosis and formation of 
purulent exudate or pus. Pus is a semiliquid mixture of blood serum, necrotic neutrophiles, 
macrophages and debris derived from the injured tissue. Accumulation of pus within a limited 
area of tissue results in an abscess that may be contained within a connective tissue 
capsule formed by fibroblasts. A breakdown of an abscess towards an open surface results 
in an ulcer. Healing of an abscess usually requires drainage of the pus, followed by a 
connective tissue growth into the area occupied by the abscess and formation of a scar. 

■ The acute inflammation may subside and become chronic. 

Chronic Inflammation 

Chronic inflammation is characterized by reduction in the population of polymorphonuclear 
leukocytes in favor of lymphocytes and macrophages, often accompanied by activation of 
fibroblasts and new growth of capillary vessels into the affected area. In some cases, the 
process may be designated as granulation tissue, because, when located on the surface of 
an organ, it may be visible to the naked eye as a red granule (see below). 

There are several forms of chronic inflammation. Some of them are designated as specific 
because of the characteristic changes caused by the nature of the invading microorganism. For 
example, the infection with mycobacterium tuberculosis, results in granulomatous 
inflammation, which forms a recognizable pattern of abnormalities (granulomas, to be 
described below). Other chronic inflammatory processes are nonspecific, i.e., without features 
that would allow the identification of the causative organism. Chronic inflammation may have 
major consequences on cytologic patterns in cervicovaginal smears. 




Figure 10-13 Histology of severe cervicitis. A. Acute inflammatory reaction involving 
the squamous epithelium and characterized by marked dilatation of capillary vessels. The 
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patient had trichomoniasis. B. Severe cervicitis showing damaged surface of the squamous 
epithelium and thick inflammatory infiltrate involving the stroma and the epithelium. 



Acute Inflammatory Processes in the Uterine Cervix and Vagina 
Histology of Acute Cervicitis and Vaginitis 

Of these two organs, the uterine cervix is more often affected than the vagina and is more often 
sampled by biopsy. The dominant feature of acute inflammatory processes in the cervix is the 
presence of a dense inflammatory infiltrate, composed mainly of neutrophiles in the stroma 
of the organ. Dilated capillary vessels with margination of leukocytes are usually observed. 

Focal necrosis and pus formation may occur. 

Changes in Squamous Epithelium 

The response of the squamous epithelium to injury is particularly common in Trichomonas 
vaginalis infestations but may also be caused by other inflammatory agents. The first event in 
inflammation is a vascular response. The normally small connective tissue plugs, or papillae, 
that carry the capillary vessels supplying the squamous epithelium with blood, become 
markedly elongated. The capillary vessels within the papillae become distended with blood, 
followed by margination and migration of polymorphonuclear leukocytes resulting in 
acute papillitis (Fig. 10-13A). The entire epithelium may become permeated by 
polymorphonuclear leukocytes. Marked accumulation of fluid (edema) in between the epithelial 
cells is sometimes noted. The squamous epithelium may shed loosely attached layers of 
superficial cells, leading to epithelial erosion. This may be followed by necrosis of some part 
or the entire epithelial thickness which, combined with an inflammatory infiltrate, results in a 
formation of a crater: an ulcer. Purulent exudate 
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may coat the necrotic surface (Fig. 10-13B). Inflammatory changes affecting the epithelium of 
the vagina have a similar histologic pattern. 

The Endocervix 

The stroma of the endocervix is infiltrated with polymorphonuclear leukocytes and shows other 
changes described above. Primary necrosis of the endocervical mucosa is uncommon. The 
endocervix may be coated by a thin layer of pus, but the structures mainly affected are the 
endocervical glands, wherein the acute inflammatory changes and sometimes abscess 
formation may occur. The acute inflammatory processes may cause substantial changes in the 
endocervical glandular cells: swelling, enlargement, and necrosis of these cells may occur. 

Cytology of Acute Cervicitis and Vaginitis 

In the presence of an acute inflammation, the smears have a “dirty” appearance, 
caused by inflammatory exudate (Fig. 10-14A,B). The exudate is composed of a mixture of 
polymorphonuclear leukocytes, necrotic cells or cell debris, necrotic cells, and clumps 
of bacteria in a background of proteinaceous material and lysed or fresh blood. Care must 
be taken not to confuse the physiologic presence of scattered polymorphonuclear 
leukocytes in premenstrual and menstrual smears and in smears of the mucus plug of the 
cervix with an acute inflammatory process. In acute inflammation, the squamous cells may 
display marked cytoplasmic eosinophilia, involving the normally basophilic squamous cells of 
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the intermediate and parabasal type (Fig. 10-14C). This feature of the squamous cells is 
particularly evident in Trichomonas vaginalis infestation. 
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Figure 10-14 Various manifestations of inflammatory reaction in cervicovaginal 
smears. A Typical smear pattern in acute cervicitis. The background contains 
polymorphonuclear leukocytes and necrotic cell debris. Squamous cells and a small cluster 
of degenerating parabasal cells may be observed. B. Atypia of squamous cells in cervicitis 
caused by Trichomonas infestation. Note nuclear enlargement and pallor caused by 
impending necrosis of the squamous cells. The background is typical of an acute 
inflammatory reaction. C. Marked eosinophilia of squamous cells in a case of Trichomonas 
infestation. Asingle parasite may be seen in the field of vision (arrow). D. Marked increase 
in the population of parabasal squamous cells in a young woman with severe trichomonas 
cervicitis. 



During the childbearing age, an increase in the population of parabasal squamous cells 

is a frequent alteration of the cervical smear pattern in acute inflammation that, in extreme 
cases, may suggest a low level of estrogenic activity and may even mimic the pattern of post- 
menopausal atrophy (Figs. 10-14D and 10-15). The sources of the parabasal cells are 
superficial erosions and ulcerations of the squamous epithelium, resulting in the exposure of 
the deeper epithelial layers. 



In postmenopausal women with a basically atrophic 
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smear pattern, an acute inflammation may have two effects. The first is an increased 
maturation of the squamous epithelium with reappearance of intermediate and even 
superficial squamous cells (see Fig. 10-15). The reason for this phenomenon is in all probability 
an increased blood supply to the squamous epithelium that is noticeably present in 
Trichomonas infestation. As discussed in Chapter 9, one should not attempt to estimate the 
level of estrogenic activity in smears in the presence of a marked inflammation. The second 
effect of acute inflammation may be an increase in cell necrosis and, hence, cell debris 
which, combined with the phenomena of naturally occurring cell damage in advanced atrophy 
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discussed in Chapter 8, may make the interpretation of such smears particularly difficult. 




M Normal 
i\\\N Cervicitis 
i i Trichomonas 




No. Counted 29 28 29 30 38 61 

Age Group 31-40 41-50 




36 14 14 
>50 



Figure 10-15 A graphic demonstration of the increase of parabasal cells in cervical 
smears in nonspecific cervicitis and in cervicitis due to Trichomonas. The figures 
were obtained by counting 200 consecutive single cells in cervical smears. The figures 
immediately underneath the bars indicate the number of smears evaluated in each 
category. A marked increase in parabasal cells is noticeable, especially in the younger 
patients. These differences are of no diagnostic value in postmenopausal patients. (From 
Koss LG, Wolinska WH. Trichomonas vaginalis cervicitis and its relationship to cervix 
cancer. Cancer 12:1171-1193, 1959.) 



The presence of a marked inflammatory exudate and cell necrosis may also occur in 
advanced cancers of the cervix and the endometrium. Therefore, careful screening of 
such smears is mandatory. 



Cytologic Atypias in Acute Inflammation 

Depending on the etiology of an inflammatory lesion, cytologic changes may affect the 
squamous cells, the endocervical cells, or both cell types. For reasons of clarity, the changes 
will be described separately for the various categories of cells. 

Squamous Cells 

Acute inflammation affecting the squamous epithelium of the vagina and the ectocervix may 
bring about necrosis of superficial, intermediate, and parabasal cells. Somewhat 
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enlarged, blown-up homogeneous nuclei without any nuclear structure may be noted (see 
Figs. 10-14Aand Fig. 16A). Nuclear pyknosis, often associated with break-up of chromatin 
(karyorrhexis or apoptosis), is often present. The affected nuclei are quite dark and appear 
somewhat irregular because of fragments of chromatin protruding into the cytoplasm (see Figs. 

10-14D and 10-16C). The lack of internal structure in the pyknotic nucleus and the preservation 
of a normal nucleocytoplasmic ratio are important to note in order to avoid any confusion with 
neoplastic changes. The pyknotic nuclei are often surrounded by narrow clear cytoplasmic 
zones (halos) (Fig. 10-16B) which should not be confused with large perinuclear clear 
zones characteristic of koilocytosis, described in Chapter 11. Binucleation, as well as slight 
cellular enlargement, may occur. 

Necrosis and shedding of the superficial layers of the squamous epithelium, often observed 
during acute inflammation, result in an increase in the proportion of parabasal cells in smears 
of young women (see above and Fig. 10-15). In cervical smears, the parabasal cells occur 
singly or in aggregates or plaques composed of cells with cytoplasmic processes of 
various lengths. Such cells are of irregular shapes and, when in plaques, give the appearance 
of a jigsaw puzzle (see Fig. 10-4D). The term “metaplastic cells” is usually applied to such 
clusters, although their origin from squamous metaplasia is not always secure or evident. For 
further discussion of squamous metaplasia, see above. In well-preserved parabasal cells, the 
cytoplasm is chiefly basophilic; the density of the stain is often greater in the perinuclear area. 

Fine, small cytoplasmic vacuoles may be noted. The nuclei may appear somewhat enlarged; 
numerous chromocenters and occasionally single small nucleoli may be noted. Nuclear 
pyknosis and karyorrhexis (apoptosis) may also occur in parabasal cells (Fig. 10-16C). 

Binucleation or even multinucleation may occur. 

Endocervical Cells 

Acute endocervicitis may produce a striking enlargement of the endocervical cells and 
their nuclei. Conspicuous cytoplasmic vacuoles, sometimes infiltrated by 
polymorphonuclear leukocytes, may be observed (Fig. 10-17A). Multinucleated endocervical 
cells may occur. Pyknotic nuclei are uncommon but bare nuclei stripped of cytoplasm are 
often observed. The correct identification of such nuclei is facilitated by comparison with well- 
preserved endocervical cells. The most conspicuous nuclear changes consist of the 
presence of numerous chromocenters and one or more quite large and conspicuous 
nucleoli (Fig. 10-17B). Mitotic figures may occur. Similar findings occur in “repair,” discussed 
above. Such findings are often disconcerting to the observer and the differentiation of such 
cell abnormalities from those occurring in precancerous lesions or adenocarcinoma is 
at times very difficult (see Chap. 12, where such mistakes are discussed). The presence of 
single abnormal cells favors a neoplastic process, but there are exceptions to the rule. 

A final diagnostic decision as to the nature of endocervical cell changes cannot always 
be made on smears. 
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While the absence of single abnormal cells speaks strongly in favor of a benign process, follow- 
up of such patients, which should include colposcopy and biopsy, is often indicated. 
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Figure 10-16 Squamous epithelial cell abnormalities associated with severe 
cervicitis. A Nuclear pallor and enlargement indicative of impending cell necrosis. B. 
Prominent perinuclear halos common in trichomonas infestation. C. Hyperchromasia of 
parabasal cells, some showing nuclear fragmentation or apoptosis under high 
magnification. 



Chronic Inflammatory Processes 

Chronic inflammatory processes of a minor degree are exceedingly common in the female 
genital tract and produce few, if any, specific morphologic changes in epithelial cells. 

The smears may show evidence of benign abnormalities such as squamous metaplasia 
and repair, although their relationship to inflammatory processes is not always evident. 
These conditions are discussed above. The only constant evidence of chronic inflammation is 
the presence of lymphocytes, occasional plasma cells, and macrophages in the 
background of the smear. 




Figure 10-17 Abnormalities of endocervical cells commonly seen in inflammation. 

A Marked vacuolization of cytoplasm. B. The presence of prominent nucleoli. 
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Macrophages (Histiocytes) 

In the description of the menstrual cycle, it was noted that great numbers of small macrophages 
(exodus) may be found 

P.260 

in cervicovaginal smears toward the end of the menstrual bleeding. In chronic inflammation, 
mononucleated macrophages occur commonly and are usually quite a bit larger than their 
“menstrual” counterpart (see Fig. 8-22A,B). They are characterized by a very finely 
vacuolated, lacy cytoplasm, often containing ingested debris and a rather characteristic 
nucleus. The latter is oval or bean-shaped and has a prominent nuclear membrane that stands 
out readily against the delicate bluish cytoplasm. Within the nucleus, there are a few sharply 
defined chromocenters and a few thin threads of chromatin. Occasionally, it is difficult to 
differentiate small macrophages from parabasal cells originating from squamous metaplasia of 
the endocervix. Rarely, mitotic figures may be observed in macrophages in smears. Nasiell 
(1961) pointed out that the mononucleated macrophages may be mistaken for cancer cells and 
that the differential diagnosis is based on evidence of phagocytic activity. 

As described in Chapter 8, multinucleated macrophages are frequently observed in smears 
of postmenopausal women and may achieve very large sizes, even in the absence of 
inflammation (see Fig. 8-28C). However, in nonspecific chronic inflammatory processes in 
women of all ages, multinucleated macrophages may occur, sometimes in large numbers. A 
special type of multinucleated macrophages with peripheral placement of nuclei (Langhans' 
cells) may be observed in specific inflammatory processes such as tuberculosis (see below). 

The multinucleated macrophages may show abnormal nuclear features such as nuclear 
enlargement and hyperchromasia that may mimic a malignant tumor. This is particularly 
evident in the presence of granulation tissue (see below). The significance of macrophages 
(histiocytes) in the diagnosis of endometrial carcinoma is discussed in Chapter 13. 




c . 



Figure 10-18 Nuclear abnormalities in atypical macrophages in a patient with 
granulomatous reaction in the uterine cervix. A A multinucleated macrophage with 
nuclei of variable sizes. B,C. Very large hyperchromatic nuclei derived from macrophages. 
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Granulation Tissue and Atypical Macrophages 

Following a disruption of the epithelial surface and exposure of the underlying connective 
tissue, and usually as a consequence of a chronic inflammation, surgery or radiotherapy, the 
repair of the epithelial defect is preceded by formation of granulation tissue which may be 
visible on the surface of the organ as a granulated red protrusion, accounting for the name 
of the lesion (Singer and Clark, 1999). The granulation tissue is exposed to trauma and it 
bleeds easily as a consequence of rich vascularization. The identification of granulation tissue 
is of particular diagnostic importance after surgery or radiotherapy because it may be clinically 
mistaken for persisting or recurrent malignant tumor. 

Histology. 

The granulation tissue consists of an exuberant proliferation of fibroblasts, accompanied 
by formation of numerous young capillaries and by a marked inflammatory infiltrate 
consisting of leukocytes, lymphocytes, and macrophages of the mono- and multinucleated 
type. 
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Cytology. 

Smears obtained from granulation tissue are characterized by a marked inflammatory exudate. 
Leukocytes of various types are commonly seen in the background of smears. Poorly 
preserved epithelial cells, occasionally elongated fibroblasts, and numerous macrophages 
arepresent. The latter cells occasionally contain multiple, highly abnormal, enlarged, and 
hyperchromatic nuclei (Fig. 10-18AB). A breakdown of these highly abnormal macrophages 
may result in the presence of isolated, large hyperchromatic nuclei that, for all intents and 
purposes, mimic nuclei of cancer cells (Fig. 10-18C). The differentiation of such cells or nuclei 
from cancer cells is based on finding transition forms between clearly benign 
multinucleated macrophages and the rather uncommon, highly atypical, forms. It is 
sometimes of value in the differential diagnosis between atypical multinucleated 
macrophages and multinucleated cancer cells to notice the placement of nuclei, which, 
in the macrophages, tend to be located at the periphery of the cell, whereas in the cancer cells 
they tend to be more centrally located, although there are many exceptions to this rule. 

Evidence of phagocytic activity is also in favor of macrophages, although it may occasionally 
be observed in cancer cells as well. In case of doubt, a biopsy may be necessary. 
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Figure 10-19 Follicular cervicitis. A. The presence of a large deposit of lymphocytes in 
the smear of the cervix is characteristic of this disorder. B,C. High-power views of 
lymphocytic population. In C, mitotic activity in follicle center cells may be noted. D. Biopsy 
of cervix showing deposits of lymphocytes. 



Unusual Forms of Chronic Cervicitis 
Follicular Cervicitis 

This is an uncommon benign disorder wherein formation of mature lymph follicles occurs in 
the subepithelial location in the uterine cervix (see Fig. 10-19D). Roberts and Ng (1975) 
observed that follicular cervicitis is significantly more common in postmenopausal women, 
although it may occur in women of all age groups and menstrual status. Clinically, the disorder 
may be observed as pinheadsize white or gray elevations on the surface of the cervix. If the 
epithelium of the cervix is ulcerated or if the lymphoid tissue is forcibly removed by scraping, 
clusters of lymphocytes may be observed in cervical smears. The pathogenesis and full 
clinical significance of follicular cervicitis is not understood. There have been several 
observations linking follicular cervicitis with an infection with Chlamydia trachomatis. To what 
extent, if any, follicular cervicitis reflects 
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a general disorder of the immune system is not known at the time of this writing. 
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Cytology 

In smears, the disorder is characterized by the presence of pools of lymphocytes which, in 
most cases, can be identified as such under low power of the microscope (Fig. 10-19A). 

The diagnosis becomes more difficult if the lymph follicles are broken up. The smear then 
displays a mixture oflymphocytes and large, follicle center cells, the latter derived from 
the germinative centers of the lymph follicles (Fig. 10-19B). The follicle center cells have the 
appearance of mononucleated large lymphocytes with a delicate, vacuolated cytoplasm 
and large vesicular nuclei, occasionally provided with one or more prominent nucleoli. 
The follicle center cells may show numerous mitoses (Fig. 10-19C). Small macrophages with 
evidence of phagocytic activity may also be present. The diagnosis is based usually on smear 
pattern and the monotonous aspect of the benign lymphocytes. The differential diagnosis 
comprises malignant lymphoma and leukemia involving cervix or vagina. In both these 
disorders, the malignant lymphoid cells are dispersed and there is little evidence of clustering of 
lymphocytes. 

Plasma Cell Cervicitis 

Qizilbash (1974) reported a case of what appears to be an extremely rare disorder of the cervix, 
characterized by the presence of plasma cells of varying degrees of maturity. The plasma 
cells infiltrated the cervical stroma and were observed in the cervical smears. Some of the 
plasma cells were multinucleated and bizarre. There was no evidence of generalized plasma 
cell myeloma. It must be pointed out that plasma cells are a common component of the cell 
population infiltrating the uterine cervix in chronic cervicitis of bacterial origin and may find 
their way into cervical smears (Fig. 10-20). We have also observed plasma cells in smears in 
an occasional case of microglandular hyperplasia, as discussed above. 

SPECIFIC INFECTIONS OF THE CERVIX AND THE VAGINA 
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Bacterial Infections 

Normal Bacterial Flora 

Although the dominant organism in the normal female genital tract is Lactobacillus (see Chap. 

8), comprehensive studies by Ohm and Galask (1975), Roupas et al (1985), and Bibbo and 
Wied (1997) have shown that the bacterial flora of the vagina also contains small properties of 
other aerobic and anaerobic microorganisms. Although some of these organisms are 
considered to be pathogenic, their mere presence within the vagina or cervix is usually 
harmless. Many of the bacterial agents may be identified in cytologic preparations. The 
principal species, the diseases caused by them, and their effect on cervicovaginal smears will 
be described below. 

Lactobacillus (Doderlein), Also Known as Bacillus vaginalis (B. vaginalis) 

As described in Chapter 8, Lactobacillus is the normal inhabitant of the lower genital tract. 

Lactobacilli are aerobic, gram-positive rods. In genital smears stained with Papanicolaou 
stain, Lactobacillus organisms are identified as slender basophilic rods of various lengths 
distributed on cell surface and in smear background (see Fig. 8-37). The frequency of 
occurrence of Lactobacillus as the principal vaginal microorganism varies with the population 
studied. In patients with good vaginal hygiene, approximately 50% harbor this microorganism. In 
clinic populations attended by women with poor vaginal hygiene and high levels of sexual 
exposure, this figure drops significantly to approximately 20% or less. 

Lactobacilli ferment cytoplasmic glycogen and, therefore, cause cytolysis of glycogen- 
containing squamous cells described in Chapter 8 (see Fig. 8-31 B). The most mature 
superficial squamous cells and the parabasal cells are often spared. Therefore, cytolysis is 
mainly observed in situations in which intermediate cells predominate, to wit: the 
premenstrual phase of the menstrual cycle, pregnancy, and early menopause. The 
moth-eaten appearance of the cytoplasm of the intermediate squamous cells and the presence 
of isolated nuclei remaining after lysis of the cytoplasm by the bacteria are characteristic of this 
condition. Cytolysis is seldom observed in postmenopausal women with an atrophic smear 
pattern. It is a matter for some debate whether Lactobacillus is ever responsible for 
inflammatory states. Occasionally, clear vaginal discharge apparently due to excessive 
glycolysis may be observed. 

Gardnerella vaginalis (Previously Known as Corynebacterium vaginale and 
Haemophilus vaginalis) 

This anaerobic organism is encountered in about 6% of women of childbearing age and 
causes vaginitis and cervicitis in some of them. The organism is a Gram-negative or Gram- 
variable short rod that, in Papanicolaou stain, stains dark blue. The organism tends to 
accumulate on the surfaces of squamous epithelial cells, giving them a peculiar and 
rather uniquely diagnostic appearance of a “clue cell” 
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(Gardner and Dukes, 1955; Gardner and Kaufman, 1969; Dunkelberg, 1965). In some cases, 
the entire surface of the cell is obscured by the Gardnerella; in most instances, only a 
part of the cell surface is covered by the microorganism (Fig. 10-21). The same small 
microorganisms in variable numbers are usually observed in the background. There is no 
cytolysis. It must be pointed out, however, that lactobacilli may also accumulate on the 
surfaces of squamous cells (see Fig. 8-37B). However, the lactobacilli appear as distinct 
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rods, whereas in the clue cells, the surface is hazy and the individual Gardnerella 
organisms cannot be clearly discerned. Gardner and Kaufman emphasized that in the 
presence of mixed infections with pyogenic bacteria or Trichomonas vaginalis, the clue cells 
often cannot be identified. The organisms play an important role in bacterial vaginosis, 
described below. 
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Figure 10-21 Changes caused by inflammatory reaction. A “Clue cell.” The surface of 
the squamous cell is obscured by a large accumulation of bacilli. B. Gonorrhea. 
Intracytoplasmic accumulation of diplococci may be noted. The background also shows 


lactobacilli. ( B , Gram stain, oil immersion.) 





Diphtheroids 

Short rods, arranged in the form of “Chinese characters” with a terminal clublike thickening, 
have been described in a small percentage of vaginal and cervical smears by Leppaluoto 
(1974). The staining is uneven and the thickened end is darker than the body of the rod. The 
pathogenicity of this organism has not been established. 

Cory ne bacterium diphtheriae 

True diphtheria of the vagina is exceedingly rare. The causative organism resembles 
morphologically the diphtheroids described above. In contrast with the diphtheroids C. 

diphtheriae causes a necrotizing inflammation of the vaginal epithelium similar to that 
observed in the nasopharynx. 

Gram-Positive Cocci 

A large variety of Gram-positive cocci may be observed in cervicovaginal smears. The 
organisms cannot be specifically classed without identification by culture. Staphylococci and 
streptococci are the common varieties with Staphylococcus epidermidis, the most common 
variant (Ohm and Galask, 1975). Most cocci appear as clusters or chains of very small, 
round or oval organisms, staining dark blue or gray in Papanicolaou stain, usually 
occupying the background of the smear, with few organisms superimposed on the surfaces of 
the squamous cells. In extreme cases, the background of the smear appears “dirty” because it 
is filled with cocci. The gram-positive cocci may be the cause of pyogenic infections of the 
female genital tract and are an important cause of pelvic inflammatory disease. The cocci 
are frequently associated with other organisms and with Trichomonas vaginalis (Gardner and 
Kaufman, 1969). 
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Gram-Negative Cocci 

Neisseria gonorrhoeae (N. gonorrhoeae) or gonococcus is the causative organism of acute 
and chronic gonorrhea, the most common of all sexually transmitted diseases. The organism 
is a Gram-negative diplococcus that is an intracellular parasite. It may be observed in 
Papanicolaou-stained material adhering to the surface or in the cytoplasm of intermediate and 
parabasal squamous cells as tiny coffee-bean organisms arranged in pairs (Fig. 10-21B). 

Heller (1974) observed the organisms mainly in cells from squamous metaplasia of the 
endocervical canal, but I have repeatedly seen gonococci in squamous cells apparently 
originating in mature squamous epithelium. Oil immersion is required for identification of 
gonococci in cervical smears. Morphologic separation of N. gonorrhoeae from other species of 
Neisseria, notably the very important N. meningitidis, is not possible and it is advisable to 
confirm the diagnosis by culture. 

During the acute stage of gonorrhea, acute purulent urethritis, both in man and in woman, is a 
nearly universal manifestation of infection. While in men the disease is usually symptomatic, it 
may be completely asymptomatic in women. Lift et al (1974) emphasized that in children and 
adolescents, gonorrheal vaginitis may be more common than in adult women. In women, the 
disease may cause cervicitis, endocervicitis, and inflammation of Bartholin's glands and may 
spread via the fallopian tube to the pelvic organs and cause tubo-ovarian abscesses or even 
acute peritonitis. Gonorrhea may cause acute arthritis, usually limited to a single joint. 

Neither acute nor chronic gonorrhea cause specific cytologic abnormalities. The smear 
pattern is that of an acute or chronic cervicitis or vaginitis. 
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Mobiluncus Species 

These curved, Gram-variable anaerobic bacteria, sometimes described as boomerang- 
shaped, may aggregate on the surfaces of squamous cells. The organisms are present in a 
small percentage of normal women but are nearly universally observed in women with bacterial 
vaginosis, described below. 

Mycoplasma and Ureaplasma 

Mycoplasma, previously known as pleuropneumonia-like organism (PPLO), is the smallest 
free-living organism. It causes atypical pneumonias and may cause immune disturbances 
such as formation of cold-agglutinins. Its role as an infectious agent in the female genital tract 
has been investigated by Gregory and Payne (1970) and by Leppaluoto (1972). Mycoplasma 
hominis, type I, has been identified in 30% of asymptomatic women and in 92% of women 
with sexually transmitted diseases. There are no known cytologic changes attributable to 
Mycoplasma ; however, the organism participates in bacterial vaginosis. 

A related microorganism, Ureaplasma urea/yticum, may also be documented by culture in 37% 
of normal women and 56% of women with known infection (Roupas et al, 1985). No 
documented cytologic abnormalities are associated with this organism. 

Bacterial Vaginosis 

Bacterial vaginosis is the most frequent cause of vaginitis and cervicitis during the 
childbearing age. The disorder is caused by profound changes in the vaginal flora, normally 
dominated by lactobacteria, in favor of a mixed bacterial flora dominated by G. vaginalis, 
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Mobiluncus species, mycoplasma, and a large variety of other organisms, mainly 
Gram-negative rods (Hill, 1993). Sobel (1997) discussed the chemical changes occurring in 
this disorder to explain the dominant symptom, the “fish-smelling” vaginal discharge. The 
principal change is in increased alkalinity of the vaginal milieu with elevation of pH. Many 
women with this disorder are asymptomatic, others may experience pruritus. Risk factors 
include intrauterine contraceptive devices (lUDs) and pregnancy but quite often no risk factors 
are apparent. Besides personal discomfort, the significance of bacterial vaginosis is in its 
association with preterm delivery of low-birth-weight infants (Hillier et al, 1995). 

Cytology 

The cervicovaginal smears in bacterial vaginosis show a characteristic “dirty” appearance, 
caused by presence of innumerable organisms, many covering the surfaces of squamous cells. 
The “clue” cells, caused by G. vaginalis and described above, are usually well evident, but 
other microorganisms, such as the comma-shaped Mobiluncus species may also aggregate on 
cell surfaces. Clearly, the value of the cervicovaginal smear in the diagnosis of bacterial 
vaginosis is limited. Schnadig et al (1989) aptly referred to this disorder as “clues, commas, and 
confusion.” The treatment must be based on clinical and bacteriologic data. 

Tuberculosis 

Tuberculosis of the female genital tract is, as a general rule, a manifestation of 
disseminated disease. There is no evidence that the genital tract can be the primary portal of 
entry. The most common manifestations of genital tuberculosis are tuberculous salpingitis and 
endometritis, but occasionally, though rarely in the Western world, the infection may involve 
the uterine cervix and, exceptionally, the vagina (Sutherland, 1985). The onset of AIDS has 
contributed to a marked increase in pulmonary tuberculosis, but so far there is no evidence that 
this has led to an increase in genital tuberculosis. The acid-fast mycobacterium tuberculosis 
cannot be identified in Papanicolaou stain. However, the presence of tuberculous 
granulomas can be occasionally recognized in cytologic preparations. As described in 
Chapters 19 and 31, the granulomas are nodular structures composed of modified 
macrophages resembling epithelial cells (epithelioid cells) and multinucleated giant cells 
with nuclei arranged at the periphery (Langhans' cells). A central area of necrosis (so-called 
caseous necrosis) is often present in the center of the granulomas. 

Cytology 

The smear pattern is that of chronic inflammation, wherein the epithelioid cells and Langhans' 
cells can sometimes be recognized. The epithelioid cells have the approximate size of 
endocervical cells, are elongated, often carrot-shaped, pale-staining, eosinophilic, or 
cyanophilic cells with single round or oval finely stippled nuclei, occasionally 
containing small nucleoli. The cytoplasm is usually finely vacuolated. The epithelioid cells 
sometimes form approximately spherical clusters, corresponding to the tubercles. Single 
epithelioid cells are difficult to identify in contrast to the large Langhans'-type giant cells with 
peripheral nuclei (Fig. 10-22). Fragments of amorphous eosinophilic material, corresponding 
to the central necrotic portions of the tubercle, round out the picture. The cytologic presentation 
of pulmonary tuberculosis is discussed in Chapter 19. 

Although a number of communications pertaining to tuberculosis of the uterine cervix have 
emphasized the descriptive aspects of the cytologic presentation, the diagnosis is not easy. 

The identification of epithelioid cells in cervical and vaginal smears is difficult, and the 



488 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 9l©i -EBIenign Disorders of the Uterine Cervix and Vagina 



differentiation of Langhans' cells from other forms of the common multinucleated 
macrophages is very difficult for all practical intents and purposes. It would be particularly 
inadvisable to suspect any woman with multinucleated macrophages in smears of 
harboring tuberculosis. Thus, although the disease is still fairly common in the developing 
countries, in the industrialized countries it will remain a cytologic curiosity with most diagnoses 
rendered retrospectively after the histologic or microbiologic diagnosis has been established. 

Baum et al (2001) documented that polymerase chain reaction (PCR) may be helpful in the 
diagnosis of this disease. 

Mycobacterium avium-intracellulare Complex 

As a consequence of the infection with human immunodeficiency virus (HIV) and acquired 
immunodeficiency syndrome (AIDS), a large number of previously very rare opportunistic 
infections have come to light, among them the acid-fast Mycobacterium avium (summaries in 
Perfect, 1988 and Lifson et al, 1994). The bacterium may lead to the formation of granulomas, 
similar to those seen in tuberculosis, 
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but quite often the organisms are phagocytized by large macrophages with vacuolated 
cytoplasm that do not form any organized structures, hence the name of the complex (see 
Chap. 19). To our knowledge, this organism has not been observed in cervicovaginal smears 
but is discussed in Chapter 31 . 
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Figure 10-22 Tuberculosis of the cervix (cervical smear). A Sheet of epithelioid cells 
characterized by a pale, faintly vacuolated, elongated cytoplasm and round or oval nuclei. 
The latter are finely stippled and contain small nucleoli. B. Large multinucleated Langhans' 
giant cell with peripherally placed nuclei. (High magnification.) (Courtesy of Dr. K.A Misch, 
London, UK; from Misch KA, et al. Tuberculosis of the cervix: Cytology as an aid to 
diagnosis. J Clin Pathol 29:313-316, 1976.) 



Granuloma venereum (Granuloma inguinale) 

This is a sexually transmitted disease affecting mainly the skin and subcutaneous tissue of 
external genitalia in both sexes. Ulcerative lesions may affect the penis, vagina and uterine 
cervix (Fig. 10-23A). The disease is caused by Gramnegative, bacillary encapsulated bodies 
(Caiymmatobacterium granuiomatis, or Donovan bodies) that may be numerous in the 
cytoplasm of large, vacuolated “foamy” macrophages. They are best seen in Gram stain under 
oil immersion. The bipolar bodies, measuring about 1 to 2 pm in length, have been compared 
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with tiny “closed safety pins” (Fig. 10-23B). 




Figure 10-23 Granuloma inguinale. A Typical ulceration of penis. B. Donovan bodies. 
Note large macrophages containing numerous intracytoplasmic “safety pin”-like inclusions. 
(Oil immersion.) 



Actinomyces 

This group of bacterial organisms that is sometimes difficult to classify on culture may be 
occasionally observed in the female genital tract. Gupta et al (1976) first pointed out the 

association of this organism with the use of intrauterine contraceptive devices (lUDs) 
and identified some of the organisms as Actinomyces israeli, which are known as human 
pathogens. In cervicovaginal smears, the organisms appear as a central “ball” of basophilic 
filaments, with single, slender filaments spreading peripherally, sometimes 
surrounded by inflammatory exudate (Fig. 10-24A,B). Special stains, such as Brown and 
Brenn, may be required to document the club-shaped tips of the filaments (Fig. 10- 
24C). The finding of Actinomyces in cervicovaginal smears is a strong indication that 
the patient is a wearer of an IUD, even if this history is not provided by the clinician. 

Although in most instances, Actinomyces infection is harmless to the patient, there are 
several documented cases 
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of pelvic inflammatory disease occurring mainly in women whose IUD has not been 
changed for 3 or more years. These women can develop pelvic abscesses that may lead to 
sterility or even death of the patient (Fig. 10-24D). Subcutaneous abscesses may also occur, 
wherein the characteristic “sulfur granules” or grossly visible small yellow spheres of fungus, 
can be observed. 
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Figure 10-24 Actinomycosis in cervicovaginal smears. A,B. Colonies of actinomyces 
in a cervicovaginal smear from a woman who was a long-term IUD wearer. The colonies 
are composed of tangles of filaments which appear as bluish structures in the background 
of the smear. C. Structure of an actinomycotic deposit seen in Brown-Brenn stain. The 
clublike thickening of the periphery of the filaments is well seen. D. Tubo-ovarian abscess 
in a 49-year-old IUD wearer who had not changed her device for 13 years. The large 
colony of actinomyces surrounded by inflammatory reaction are shown. 



An interesting rare finding in the differential diagnosis of actinomycosis was described in six 
patients by Bhagavan et al (1982). These are eosinophilic radiate structures, mimicking 
granules of Actinomyces, but composed of glycoproteins and lipids that may be calcified. The 
structures, which stain with Ziehl-Neelsen's stain for acid-fast organisms, were named 
pseudoactinomycotic radiate granules and were thought to represent a reaction to 
microorganisms or foreign bodies, repeatedly described in the past as the Spiendore-Hoeppii 
phenomenon. It must be noted that only three of the six patients reported by Bhagavan were 
IUD users, and the granules were observed in tissues and not in smears. 

For further discussion of cytologic findings in IUD wearers see above. 

Leptothrix 

There appears to be considerable controversy as to the identity of long, curving, filamentous 
organisms known as Leptothrix vaginalis. Rosebury (1962) identified two such organisms: a 
form of Lactobacillus (Leptotrichia) identical with Leptothrix buccalis, and a bacterium of the 
family of Actinomyces (Bacterionema), both of a similar morphologic appearance. According to 
Bibbo et al (1997), the Actinomyces type of organism is identifiable because of larger size and 
occasional branching. Leptothrix is most commonly observed in conjunction with 
vaginal trichomoniasis (see below). Bibbo et al (1997) observed this association in 95% of 
1 ,300 consecutive genital smears with Leptothrix. Occasionally, association with fungi and 
other infectious agents was noted. The reason for this association is not known. 

Chlamydia (Bedsonia) 
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These small, gram-negative microorganisms are the agents of a variety of acute and 
chronic inflammatory disorders, such as inclusion conjunctivitis, trachoma, 
lymphogranuloma venereum, nonspecific urethritis, salpingitis, vaginitis, and 
cervicitis. Screening of women for occult cervical chlamydia infection was shown as an 
effective means of prevention 
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of pelvic inflammatory disease (Scholes et al, 1996). The organisms are obligate intracellular 
parasites and are transmitted by personal contact. The first description of the cytologic 
presentation of this organism was by Naib (1970) in conjunctival smears of newborns and their 
mothers' genital tract. Gupta et al (1979) analyzed in considerable detail the cytologic 
presentation of the Chlamydia infection that can be observed in cervicovaginal smears. In the 
cytoplasm of squamous, metaplastic, and endocervical cells, the organism forms tiny 
elementary coccoid bodies surrounded by narrow clear zones. In the later stages of 
infection, the affected cells display one or more, sharply circumscribed, readily visible, clear 
cytoplasmic vacuoles with a central acidophilic or basophilic inclusion — representing a 
condensation of the microorganisms (Fig. 10-25A,B). Shiina (1985), in an elaborate study 
of inclusions in chlamydial infection, named the largest inclusions “nebular inclusions,” to 
differentiate them from smaller inclusions, a terminology also accepted by Henry et al (1993). 

The cells containing Chlamydia may be somewhat atypical or multinucleated (Fig. 10-25C). 

Still, it must be stressed that the presence of Chlamydia infection does not rule out the 
simultaneous presence of neoplastic lesions. Patients with significant cellular 
abnormalities should have the benefit of further workup. 

The original description of the morphologic manifestations of Chlamydia infection has been 
repeatedly challenged, notably by Shafer et al (1985), who compared the results of cytologic 
findings with culture of the microorganism. The presence of large vacuoles containing central 
inclusions (see Fig. 10-25B) could not be correlated with positive cultures. On the other hand, 
in several women with positive cultures, no cytologic abnormalities of the type described above 
could be observed. The unreliability of morphologic recognition of Chlamydia was also 
emphasized by Vinette-Leduc et al (1997). 
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Figure 10-25 Chlamydia infection. A Small encapsulated primary bodies may be seen in 
the cytoplasm of the affected cell. B. Large cytoplasmic inclusion with an eosinophilic 
center (arrow). C. Multinucleated giant cell with several large cytoplasmic inclusions. 



Because the infection with Chlamydia trachomatis is of major clinical significance, the 
consensus is that the identification of this agent should always be confirmed by culture, 

which also requires considerable care and optimal conditions for success (Kellog, 1989). 

Antibodies to Chlamydia have been developed. Fluorescence microscopy, using a labeled 
antibody, can be used as a screening procedure with a high degree of accuracy when 
compared with results of culture (Lindner et al, 1986). More recently, polymerase chain 
reaction, enzyme immunoassays, and ligase chain reaction using urine have been shown to be 
reliable in the diagnosis of this infection (Vinette-Leduc et al, 1997; Gaydos et al, 1998). 

Chlamydia infection may also be associated with follicular cervicitis (see above). 

Syphilis 

This disease is caused by a sexually transmitted spirochete, Treponema pallidum. The 
disease which starts with an ulcerated localized lesion, the chancre, usually located on the 
genitalia, and subsequently becomes generalized, may cause inflammatory changes in the 
cervix that may mimic cervical cancer (Gutmann, 1995). The pattern of the cervicovaginal 
smears in Gutmann's cases showed only nonspecific 
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inflammation but the diagnosis could be established by the identification of the spirochetes in 
the granulomatous lesion in the biopsy. 

Fungal Infections 
Candida giabrata (Moniliasis) 

This family of fungal infections comprises two common organisms, Candida albicans and 
Torulopsis giabrata (jointly referred to as monilia). These are the most common 
pathogenic fungal agents observed in the female genital tract. Diabetes, pregnancy, and the 
use of antibacterial antibiotic agents that change the make-up of the vaginal flora are frequently 
associated with moniliasis. Monilia may also appear in patients with impaired leukocyte 
functions, in patients receiving immunosuppressive drugs and may be the first manifestation 
of AIDS. The infection may cause a thick, milky vaginal discharge associated with intense 
itching and discomfort. 

Like most fungi of the family of Cryptococcaceae, Candida albicans and Torulopsis giabrata 
appear in two forms in smears: the yeast form (conidia) and the fungus form 
(pseudohyphae). The conidia appear as small, encapsulated, round, or oval organisms 
(Fig. 10-26A). The capsule is inconspicuous. Budding may be noted in the form of smaller oval 
structures attached to one pole of the conidium. The fungus form is made up of long, thin 
filaments consisting of elongated, bamboo-like spores. Usually, the spores are not 
surrounded by a capsule and, therefore, are designated as pseudohyphae (see Fig. 10- 
26B). 

Schnell and Voigt (1976) documented by electron microscopy that the fungus spores may be 
intracellular and located within the cytoplasm of squamous epithelial cells, wherein they can 
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Cytology 

In spite of the intracytoplasmic penetration, the fungus does not appear to cause any serious 
injury to the epithelial lining of the cervix or the vagina but there may be complicating 
inflammatory phenomena. Neither the histologic nor the cytologic findings are specific or 
impressive. In the majority of cases, there are no significant changes in smear patterns 
except for the presence of the fungus. In other instances, there may be a mild inflammation 
affecting the squamous epithelium and the endocervix. It must be stressed that secure 
identification of the fungi is usually not possible on the strength of morphologic 
examination alone. Cultural and serologic data should be obtained for species diagnosis. 

Reports of cytologic atypias associated with this infection most likely reflect incidental 
abnormalities (Heller and Hoyt, 1971; Miguel etal, 1997). 




Other Fungi 

Occasionally, fungi other than Candida and Toruiopsis are encountered in routine cytologic 
material. Their exact identification must rest on cultural characterization. 

Coccidioidomycosis of the female genital tract has been reported (Saw et al, 1975). Acase 
of Paracoccidioides brasiliensis was reported by Sheyn et al (2001). We also observed a 
case of paracoccidioidomycosis in the cervicovaginal smear of an asymptomatic 38-year-old 
woman. This fungus is mainly observed in Brazil and may cause pulmonary disease (see Chap. 
19). The organism is spherical, brown, measuring from 10 to 60 pm in diameter, and is 
recognized by teardropshaped multiple buds resulting in the very characteristic “ship's wheel” 
appearance (Fig. 10-27A). 

Cysts of Toxoplasma have been reported in cervicovaginal smears by Dominguez and Giron 
(1976), San Cristobal and Roset (1976), and Wasylenko et al (1991). Acase of 
blastomycosis, identified in cervical smears, apparently transmitted to the patient from her 
husband with a prostatic infection, was reported by Dryer et al (1983). 

We observed several examples of Aspergillosis, mainly in women wearing lUDs (Fig. 10-27B- 
D). In patients with AIDS, the fungus Cryptococcus neoformans may be observed, 
sometimes forming the unusual pseudohyphae rather than the common spherical spores with a 
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mucoid capsule (Anandi et al, 1991). For further comments on this fungus, see Chapters 19 and 
27. There are several additional published examples of uncommon fungus infections of the 
female genital tract, some cited in the bibliography. The clinical significance of these infections 
is uncertain and depends on whether the involvement of the genital tract is a 
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localized event or a manifestation of systemic disease, particularly in AIDS. The specific fungi 
are discussed again in several chapters, in reference to organs and organ systems where they 
are commonly encountered. 
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Figure 10-27 Various fungal infections. A Paracoccidioidomycosis. The fungus is 
surrounded by spores that mimic a ship's steering wheel. B-D. Various forms of 
aspergillosis. B shows filaments and C and D fruiting heads of the fungus. 



Viral Infections 

Genital Herpes (Herpes Simplex Genitalis) 

This is an important and common viral infection of the female genital tract, usually caused by 
herpes simplex virus (HSV) type II, whereas the perioral herpes (the common cold sores) is 
usually caused by HSV type I. The two types of herpesvirus cannot be distinguished 
morphologically but vary in their cultural and serologic characteristics. The frequency of the 
genital herpes varies according to the population studied from 0.09 to 0.9 per 1,000. Women in 
low socioeconomic brackets are more frequently affected than women from economically 
favored population groups. Jordan et al (1972) found a statistically significant increase in 
African Americans, when compared with American Indians, Hispanic Americans, and white 
women residents of the same region. 

It was documented that nearly 40% of newly acquired HSV type II and two-thirds of HSV type I 
infections are asymptomatic (Langenberg et al, 1999). This observation has been first reported 
by cytology laboratories where the telltale cytologic evidence of herpesvirus infection has been 
observed in asymptomatic patients. 
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Clinically, small vesicles with clear content or, later, superficial erosions on the vulva or the 
penis characterize the genital herpes virus infection. The erosions may be painful. The vesicles 
are difficult to see in the vagina or on the cervix; however, the erosions on the cervix may 
mimic cancer. The disease is chronic, inasmuch as recurrences are common. It is generally 
thought that the virus persists in ganglion cells and becomes reactivated under a variety of 
circumstances. Obara et al (1997) were able to document the presence of viral DNAin human 
spinal ganglia by polymerase chain reaction (PCR) and in situ hybridization. Avaccine of 
moderate efficacy in women (but not in men) has been recently tested (Stanberry et al, 2002). 

Histology 

Regardless of viral type, the histologic and cytologic abnormalities of cells, characteristic of the 
common HSV infections are similar. The disease affects more commonly the squamous 
epithelium of the skin, vagina, and cervix than the endocervical epithelium. 

On the skin and vulva, the disease begins as inflammatory nodules that lead to blister or vesicle 
formation by separation of layers of epidermis (Fig. 10-28). The center of the blister is filled with 
fluid. The epithelial cells lining 
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the blisters show changes characteristic of herpesvirus infection that are better seen in 
cytologic preparations. 




Figure 10-28 Herpetic vesicle — skin. The presence of large intranuclear inclusions and 
multinucleated cells with degenerating dark nuclei is evident at the margin of the vesicle 
(arrow). 
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Figure 10-29 Herpesvirus infection. A Early stage of viral infection. Enlarged and 
homogeneous “ground glass” nuclei in endocervical cells. B. Aformation of a 
multinucleated giant cell with “ground glass” nuclei and nuclear molding. C. Multinucleated 
giant cells with “ground glass” nuclei and nuclear molding next to a cell with intranuclear 
viral inclusion. D. Higher magnification showing intranuclear viral inclusions forming in a 
multinucleated giant cell. The eosinophilic inclusions are surrounded by clear halo. 



Cytology 

The cytologic changes induced by herpesvirus are very characteristic and their identification in 
cervicovaginal smears is usually easy. In the early stages of the disease, there is a 
moderate to marked nuclear enlargement in squamous or endocervical cells, 
accompanied by a peculiar, faintly basophilic and opaque homogenization of the nuclear 
contents, known as the “ground-glass” nuclei (Fig. 10-29A). Occasionally, the 
homogenization is preceded or accompanied by nuclear vacuolization. This appearance of the 
nuclei is caused by an invasion of the nucleus by the virus, easily documented by electron 
microscopy. The herpes virions, composed of a capsule and a central electron-dense core, 
measure about 150 nm in diameter, are concentrated mainly in the nucleus, although 
cytoplasmic particles and membrane budding are a part of the picture. The virus causes 
nuclear multiplication, resulting in crowding, and 
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molding of the adjacent “ground-glass” nuclei, leading to the formation of 
multinucleated, often very large cells (occasionally well over 60 pm in diameter; Fig. 

10-29B, C). The homogeneous inclusions become condensed and finally are localized in the 
center of the nuclei as large eosinophilic inclusions, significantly larger than any nucleolus. 

The inclusions are surrounded by a clear area within the nucleoplasm (Fig. 10-29D). 

Takeda (1969) documented the presence of herpes virions in the inclusions by electron 
microscopy. Experimental data (Teplitzet al, 1971) documented that intranuclear inclusions are 
a late event in the course of herpesvirus infection in vitro. 

In the final stages of the infection, nuclear degeneration may set in, occasionally resulting in 
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formation of bizarre, sometimes hyperchromatic nuclear masses due to nuclear fusion. 
Occasionally, pearl-like structures, imitating squamous carcinoma, may be observed 

(Fig. 10-30). The identity of the bizarre cells in smears can be established by finding the 
characteristic ground-glass nuclei or nuclear inclusions in adjacent cells, or by use of additional 
techniques, described below. Ng et al (1970) proposed that certain morphologic differences 
may be observed between primary and recurrent herpetic infection. In the primary infection, 
there was a preponderance of multinucleated cells and few cells with eosinophilic inclusions; 
the opposite was observed for recurrent disease. Vesterinen et al (1977), in a careful study, 
failed to confirm Ng's findings and found no cytologic differences between primary and recurrent 
infections. 




Figure 10-30 Cervical smears. Herpetic cervicitis. Afew examples of exceptionally 
bizarre squamous cells resulting from infection with herpes simplex virus. A. 
Multinucleation. B. The huge degenerated nuclear mass undoubtedly represents the result 
of fusion of smaller nuclei that may still be observed in the two adjacent cells. C. Note the 
squamous pearl-like arrangement of cells. Elsewhere in these smears, clear-cut evidence 
of herpes was evident. ( A-C ‘ High magnification.) (Case courtesy of Dr. V. Palladino, 
Meadowbrook Hospital, East Meadow, NY.) 



The differential diagnosis of herpetic cervicitis in cervicovaginal smears must include the 
very uncommon trophoblastic syncytial cells seen in pregnancy (see Chap. 8) and, in cases 
of extreme abnormalities, squamous cancer. In such cases, the absence of more classical 
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evidence of herpes is crucial in the differential diagnosis. In difficult cases, the mophologic 
suspicion of herpesvirus infection can be confirmed by other techniques. Stenkvist and Brege 
(1975) first applied immunofluorescent techniques for the diagnosis of herpesvirus 
keratitis, but the technique is also applicable to cervicovaginal smears. More recently, 
techniques of in situ hybridization of viral DNA (Tomita etal, 1991; Kobayashi etal, 1993), 
and polymerase chain reaction (Shibata, 1992; Slomka, 1998) have been applied to the 
diagnosis of this disease. Marshall et al (2001) reported that the results of the PCR techniques 
were more sensitive and took less time than viral culture. 

It must be noted that the presence of herpes does not rule out the presence of 
precancerous lesions or cancer of the uterine cervix. In fact, we observed occasional 
cases where the presence of herpes obscured and delayed the diagnosis of a 
cancerous lesion. Longatto-Filho et al (1990) 
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noted the presence of herpetic infection in smears of women after radiotherapy for 
cervical cancer. 

Genital herpesvirus infection in the woman has important clinical implications. The disease 
may be transmitted to the fetus during vaginal delivery with resulting disastrous infection 
resulting in major abnormalities (Florman et al, 1973). Type II herpesvirus has been implicated 
as a possible causative agent in carcinoma of the uterine cervix (see Chap. 11). 

Cytomegalo virus 

Cytomegalovirus is a virus of the herpesvirus family, so named because it forms very large 
inclusions in the affected cells. Even before the onset of AIDS, Morse et al (1974) recorded 
serologic evidence of cytomegalovirus infection in the female genital tract in women 
attending a venereal disease clinic. Surprisingly, the frequency of cytomegalovirus was similar 
to that of herpesvirus. Cytomegalovirus was associated in several instances with the presence 
of condylomata acuminata involving the vulva and sometimes the uterine cervix. The 
characteristic cytomegalic inclusions were, however, identified in smears of only 1 of 12 
patients. Several observations of cytomegalovirus in endocervical epithelium are on 
record (Huang and Naylor, 1993; Henry-Stanley et al, 1993). Wenckebach and Curry (1976) 
observed three instances of cytomegalovirus infection in material from uterine curettage. In 
patients with AIDS, widespread cytomegalovirus infections are frequent and the characteristic 
large intranuclear inclusions, accompanied by smaller satellite inclusions in the 
nucleus and the cytoplasm may be observed in cervicovaginal smears. Hunt et al (1998) 
observed rod-shaped laminal satellite cytoplasmic inclusions. The reader will find further 
comments and illustrations in Chapters 19 and 22. 

Herpesvirus of Unknown Type 

We observed a case of herpesvirus infection in a cervicovaginal smear of a 31 -year-old woman 
with AIDS. The virus caused very large, homogeneous intranuclear inclusions in 
squamous and endocervical cells (Fig. 10-31). Our initial impression was that the inclusions 
were of polyomavirus type but the electron microscopy of the viral inclusions was typical of a 
herpesvirus infection. The virions, filling the nuclei, had a typical core and capsule (Fig. 10- 
31C). 

Dr. Yuan Chang of Columbia University College of Physicians and Surgeons, the discoverer of 
herpesvirus type VIII, examined some material from this patient and could not match it with any 
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known viruses of the herpes family. Unfortunately, the material was insufficient for sequencing 
of viral DNAand the type of the virus remains unknown at this time. 

Other Viruses 

Occasionally, human polyomavirus, which forms homogeneous nuclear inclusions in 
urothelial cells, commonly observed in the urinary sediment (discussed in detail in Chap. 22), 
has also been observed in vaginal smears, particularly during pregnancy (Wachtel, 1977). 

Measles 

The measles virus is usually transmitted among children but occasionally affects adults. The 
disease is characterized morphologically by hyperplasia of lymphoid tissues and by formation of 
giant cells with numerous, up to 100, nuclei, known as Warthin-Finkeldey cells. Acase of 
measles cervicitis with these cells in smears and a molecular biologic confirmation of the 
disease were described by Heiman et al (1992). 

Nonviral Inclusions 

Occasionally, eosinophilic cytoplasmic inclusions may be observed in endocervical cells. 

These inclusions are of no diagnostic significance and closely resemble those observed in the 
bronchial cells (see Chap. 19) and in urothelial cells (see Chap. 22). 

Parasitic Infections and Infestations 
Trichomonas vaginalis 

Infestation of the lower genital tract of the female with protozoon, Trichomonas vaginalis, is 
exceedingly common. Trussell (1947) estimated that at least 20% to 25% of adult women 
harbor the parasite and this estimate has not changed with the passage of time. It is generally 
accepted that the male is the carrier of the parasite and that the infection is transmitted 
by sexual contact. Gardner et al (1986) could document the presence of Trichomonas in the 
prostate by means of specific antisera. Kean and Wolinska (1956) have shown that 
Trichomonas frequently invades the urethra, which is thus a source of reinfection. Generally, 
patients with gynecologic symptoms, such as discharge or itching, have a higher incidence of 
infestation than do asymptomatic examinees. The mere presence of Trichomonas in the 
genital tract of women is not synonymous with inflammation. About 10% of infected 
women seem to suffer no ill effects from the presence of the parasite; however, an inflammatory 
process may occur in such patients with relative facility. The majority of women with 
inflammatory disease due to Trichomonas experience spontaneous healing and freedom of 
symptoms on repeated occasions. The exact mechanism that brings about the capricious 
clinical course of infestation with Trichomonas is not clear. The rise in the vaginal and cervical 
pH, just prior to and during the menstrual period, favors growth of the parasite. Experimental 
work by Weld and Kean (1956) suggests that tissue injury may be an important factor in 
survival of Trichomonas vaginalis. 

Histology 

Study of biopsies of the uterine cervix in the course of Trichomonas cervicitis suggests that the 
parasite is capable of directly attacking the squamous epithelium, which responds 
initially with dilatation of capillary vessels in epithelial papillae, followed by papillitis, edema, 
erosion of the superficial layers, and necrosis. The “strawberry cervix” observed clinically 
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corresponds to a marked distention of the superficial blood vessels and focal hemorrhages as 
seen in histologic material (see Fig. 10-13A). 
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Figure 10-31 Infection with herpesvirus of unknown type described in text. A,B. 
Very large homogeneous intranuclear inclusions in squamous cells (/4) and endocervical 
cells ( B ). C. Electron micrograph of the affected nucleus showing viral particles, nearly 
completely replacing the nuclear chromatin. The inset (* 103,000) shows the typical 
structure of herpesvirus virions with a central core and a capsule. (C: Courtesy of Dr. 
Karen Weidenheim, Montefiore Medical Center. Inset: Courtesy of Dr. Jan Orenstein, 
George Washington University.) 
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Kolstad (1964), using colposcopy, confirmed the existence of a specific vascular pattern in the 
squamous epithelium of the cervix in Trichomonas infestation. Kolstad spoke of “double- 
crested capillaries,” which to his mind were diagnostic of the disease. The mechanisms of 
the interaction of Trichomonas with the squamous epithelium and the capillary vessels are 
unknown at the time of this writing. 

Recognition 
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The identification of the parasite is essential before the diagnosis can be established with 
assurance and treatment instituted. The best way to recognize the parasite is the “hanging 
drop” technique in which a drop of vaginal secreta is placed on a slide and examined under the 
microscope. The flagellated parasites will be readily recognized as mobile structures rapidly 
criss-crossing the visual field. Wendel et al (2002) reported that culture and polymerase chain 
reaction in vaginal fluid have a higher sensitivity and specificity than “hanging drop” method in 
the recognition of the parasite. These methods, however, require a delay of several hours or 
days and add significantly to the cost. 

In Papanicolaou-stained smears, the protozoa appear as gray -green round or elliptical 
structures, varying in size from 8 to 20 pm (Fig. 10-32AB). Recognition of the eccentrically 
located round nucleus is helpful in the diagnosis. Flagella, in the form of filaments on one 
pole of the parasite, are seen only in well-preserved material. The parasite must be 
distinguished from particles of inspissated mucus and degenerating cellular material. Okuyama 
et al (1998) and Wendel et al (2002) identified the presence of Trichomonas by polymerase 
chain reaction in DNA obtained from cervicovaginal smears. 




Figure 10-32 Trichomoniasis. A The presence of gray-green parasites may be observed 
in the background of the inflammatory smear. B. High-power view of the parasite showing 
the typical graygreen tint and poorly preserved nuclei. The flagella cannot be seen in this 
preparation (see also Fig. 10-14C). C. Leptothrix. The filamentous bacterium commonly 
accompanies Trichomonas infestation. D. Synchronous infection with Trichomonas and 
monilia. Both organisms can be readily recognized in the smear. 



The size of the Trichomonas organism is unrelated to its pathogenicity. Large Trichomonas, 
sometimes with multiple nuclei and flagella, appear when growth conditions are unfavorable; 
small sizes prevail when the growth conditions are favorable (D. Hollander, personal 
communication, 1976). Giant forms of this organism have been occasionally reported which are 
clearly a very rare event. Filamentous bacteria of the genus Leptothrix are often found in 
smears in association with Trichomonas (Fig. 10-32C). Synchronous infection with 
Trichomonas and monilia may be observed (Fig. 10-32D). 
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Cytology 

As discussed above in the general description of inflammatory changes, Trichomoniasis is a 
prototype of cervicitis because it may induce changes in smear pattern and cell 
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configuration. Based on these features, an experienced observer may suggest Trichomonas 
vaginalis infestation, even if the parasite cannot be identified. Perhaps the most common 
change is marked eosinophilia observed in superficial, intermediate and larger parabasal 
squamous cells (see Fig. 10-14C). Enlarged perinuclear clear zones or halos in superficial 
cells are another common feature (see Fig. 10-16B). The halos surround the entire nucleus in a 
regular fashion and must be distinguished from the larger and asymmetrical clear zones of 
koilocytes, discussed in Chapter 11. In younger women with severe inflammatory reaction with 
necrosis of the superficial layers of the squamous epithelium, the smear may be dominated by 
parabasal cells, whereas in postmenopausal women, epithelial maturation can occur, 
presumably because of increased blood flow (see Fig. 10-15). However, it must be stressed 
that at least 20% of women, bearers of Trichomonas, have no symptoms whatever and the 
finding of the parasite in cervicovaginal smears is purely incidental. 

Other changes that may be observed are nuclear pallor and enlargement, suggestive of cell 
necrosis (see Fig. 10-16A) and occasionally apoptosis (see Fig. 10-16C). Abnormalities of 
endocervical cells, such as cell enlargement, cytoplasmic vacuolization (see Fig. 10-17), 
presence of visible nucleoli and florid squamous metaplasia (“repair”) may also occur. 

Many years ago, some observers suggested that Trichomonas infestation may produce 
cytologic changes simulating cancer. This is most emphatically not the case. The question of 
whether patients with Trichomonas infestation are more prone to develop cervix cancer than 
other women has been answered in the negative (Koss and Wolinska, 1959). However, it 
should be emphasized that patients with all forms of cervix cancer, including carcinoma in situ, 
have a higher incidence of Trichomonas infestation than the normal population. Therefore, the 
presence of Trichomonas in a smear does not rule out the presence of a synchronous 
precancerous lesion or cancer of the uterine cervix. 

Other Protozoa 

Uncommon protozoa found in cervical smears include Vorticella [Hermann and Deininger 
(1963), San Cristobal et al (1976)] and Entamoeba histolytica. The latter, in the form of cysts 
and trophozoites (amoebae), is seen predominantly in countries where amebic colitis is 
common. In Papanicolaou stain, the trophozoites are round or oval basophilic structures of 
variable sizes, averaging 15 to 20 pm in diameter but occasionally larger. The nucleus is 
usually eccentric, round, and provided with a central karyosome. The cytoplasm contains 
ingested red blood cells (erythrophagocytosis) (Fig. 10-33). Unless erythrocytes are 
identified, the diagnosis should be rendered with extreme caution. DeTorres and Benitez- 
Bribiesca (1973) suggested periodic acid-Schiff stain and acid-phosphatase stain for secure 
identification. These authors also point out that, in countries with high prevalence of amebiasis, 
the parasite may cause lesions of the vulva and cervix, clinically resembling carcinoma. 

DeMoraes-Ruehsen et al (1980) described the presence of amebae, resembling Entamoeba 
gingivalis, in the genital tracts of users of intrauterine contraceptive devices. 
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Figure 10-33 Amebiasis. High magnification shows the organisms as a spherical structure 
with poorly preserved nuclei (arrow). Erythrophagocytosis is not evident. (Oil immersion.) 



Acase of Chagas' disease affecting the cervix was reported by Concetti et al (2000) in a 
woman with AIDS. The intracellular parasite, Trypanosoma cruzi, could be recognized in 
multinucleated giant cells, containing the characteristic reproductive form of the parasite, known 
as amastigotes. It is likely that this disorder will be observed in cervicovaginal smears in 
countries where the Chagas' disease is endemic, such as Peru. 

The protozoon, Balantidium co/i, is usually the cause of an intractable diarrhea. Several 
cases of balantidial vaginitis have been recorded (Berry, 1976). The trophozoites are very 
large (from 50 to 80 pm in length and from 40 to 60 pm in width) and are provided with a 
pellicle, bearing short cilia. At one end of the trophozoite, there is an indentation or a cytosome. 
A large nucleus is usually visible (Berry, 1976). A cyst form of the parasite has also been 
described. The identification of the large parasite in Papanicolaou stain is easy (Fig. 10-34). 

Helminthic Infections (Worms) 

Schistosomiasis (Biiharziasis) 

Three important organisms cause diseases in humans: Schistosoma haematobium, 
Schistosoma mansoni, and Schistosoma japonicum. All three organisms are flukes, with a 
complex natural history, with man as the final host. Two of these, S. haematobium and S. 
mansoni, can affect the female genital tract. Freshwater snails are the intermediate host for 
these parasites. From the snails, the motile forms of the organisms, the cercariae, are released 
in water, penetrate human skin, causing “swimmers' itch,” and establish themselves in various 
organs. S. haematobium usually lodges in lymphatics of the pelvic organs, mainly the urinary 
bladder, whereas S. mansoni establishes itself primarily in the liver and the lower 
gastrointestinal tract. The cercariae become mature worms. The female worms release the 
characteristic ova, whence larval forms (miracidia) hatch and are released into water in urine 
or feces. In suitable surroundings the miracidia find the intermediate host (snails) and the cycle 
recommences. For a detailed account of the life cycle of schistosomes, the reader is referred to 
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the book by Jordan and Webbe (1969) 

and to the outstanding contributions by the late Anne Berry (1966, 1971, 1976). 
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Figure 10-34 Balantidium coii, vaginal smear. Very large trophozoite with ciliated 
pellicle. Note the large nucleus and, at the opposite pole, a cytosome. (x 600.) (Photo 
courtesy of the late Dr. Ann V Berry, Johannesburg, South Africa.) 



S. haematobium is found principally in Africa, whereas S. mansoni is found in Africa, South 
America, and the Caribbean. As a consequence of jet-age movement of people across the 
continents, such infections may now be seen in all geographic locations. Both S. 
haematobium and S. mansoni may invade the lymphatics of the uterus and deposit 
ova in the stroma of the uterine cervix (Fig. 10-35A). Clinically, the lesions of the uterine 
cervix due to schistosomiasis may imitate cancer. The identification of the parasites is based on 
recognition of ova and larval stages (miracidia) in the cervicovaginal smears. 
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Figure 10-35 Parasites. Schistosoma haematobium in tissue (, A ) and in vaginal/cervical 
smear ( B ). The terminal spine of the ova is well seen. C. Enterobius (pin worm) ova. The 
typical polar operculum may be observed. D. Filaria ( Mansone/ia ) in a cervicovaginal 
smear. 



In Papanicolaou-stained material, the ova of both species 
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have a thick, semitranslucent shell provided with a spine. The spine is usually terminal 
in S. haematobium and lateral in S. mansoni. The ova average about 140 pm in length and 
60 to 70 pm in width. Smaller and larger sizes may be observed (Fig. 10-35B). 




Figure 10-36 Vaginal smears. Ovum of Trichuris trichiura ( A) ) and ova of Taenia (B). 
(Photos courtesy of the late Dr. Ann V Berry, Johannesburg, South Africa.) 



The miracidia are boat-shaped organisms, that in general configuration, resemble the ova, 
except for the absence of the shell. The miracidia may show active movement and, therefore, 
may show variable shapes and sizes. For the detail of anatomy of the miracidia, the reader is 
referred to Berry's papers. The smear background in schistosomiasis usually shows 
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purulent exudate with an admixture of eosinophilic leukocytes, a common component of 
tissue reactions to parasites. 

Intestinal Parasites: Nematodes (Roundworms) and Cestodes (Tapeworms) 

Ova of various intestinal parasites may be observed in vaginal and cervical smears (Berry, 

1976). It must be stressed that while these findings are uncommon in the developed countries, 
they are frequent in the developing countries. Ova of Enterobius vermicuiaris (pinworm) 
are perhaps the most frequent finding: the ova measure about 50 * 25 pm, stain yellow in 
Papanicolaou stain, and have a refringent, translucent, thick membrane, one edge of which is 
folded. A larva may be observed within the ovum (Fig. 10-35C). Occasionally, free larvae have 
been observed (San Cristobal and DeMundi, 1976). 

In tropical countries, Trichuris trichiura (whipworm) may be observed. The brown ova are of 
approximately the same size as those of Enterobius but are provided with a translucent knob on 
both poles (Fig. 10-36A). There is so far no record of ova of Ascaris iumbricoides in genital 
smears. 







Figure 10-37 Filaria (Onchocerca volvulus) in vaginal smears. (Oil immersion.) 
(Courtesy of Dr. Rosa de Borges, Caracas, Venezuela.) 



The flat worms, Taenia solium, Taenia saginata, and Taenia echinococcus, also play a 
role in diagnostic cytology. The round, brown eggs, about 35 pm in diameter, have a radially 
striated shell and have been observed in smears from the female genital tract (Fig. 10-36B). 
The reader is referred to Chapters 19, 25, and 29 for further comments on echinococcosis. 

Strongyloides stercoralis, another intestinal parasite, usually observed in pulmonary 
specimens, has been observed in a cervicovaginal smear by Murty et al (1994). For a full 
description of this parasite and its life cycle see Chapter 19. 

Fiiariae 

The extent of worldwide spread of various forms of filariasis is enormous. For the most part, the 
tiny, thread-like worms invade humans through insect bites, multiply in blood, and then settle 
in various organs, often blocking lymphatics of subcutaneous tissue. For the fine points of 
morphologic differential diagnosis among the various species and for the geographic 
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distribution of filariae, the reader is referred to other sources (e.g., Ash and Spitz Atlas, 1945). 

There are several recorded instances of various species of filariae observed in the smears from 
the female genital tract: Wuchereria bancrofti (Chandra et al, 1975), Onchocerca volvulus 
(DeBorges, 1971), and Dipetalonema perstans (Sharma et al, 1971). All filariae share the 
slender worm-like appearance with filiform end and measure from 1 to 4 cm in length (see Figs. 

10-35D and 10-37). 
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Arthropods (Insects) 

Occasionally arthropods, such as water fleas or mites, or parts thereof, may be observed in 
vaginal smears. Bechtold et al (1952) pointed out that carpet beetle hairs, resembling 
serrated brown arrows, are a fairly common finding (see Chap. 8). 
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NATURAL HISTORY, EPIDEMIOLOGY, ETIOLOGY, AND PATHOGENESIS 

Carcinoma of the uterine cervix and its precursors belong to the best studied forms of human 
cancer. In this chapter, only cancers and precancerous lesions with the origin in, or 
characteristics of, squamous epithelium will be discussed. The term squamous carcinoma 
has been in general use to describe these lesions. The alternate term epidermoid carcinoma 
will be used to describe lesions with limited formation of keratin. Adenocarcinomas and 
related lesions are discussed in Chapter 12. 

It has been repeatedly documented that invasive carcinoma of the uterine cervix, regardless of 
type, develops from precursor lesions or abnormal surface epithelium, which, in its 
classic form, is known as carcinoma in situ (International Stage O). The precursor lesions do 
not produce any specific alterations of the cervix visible to the naked eye. Therefore, before the 
introduction of cervicovaginal cytology and colposcopy, these lesions were a rarity and their 
discovery was incidental in biopsies of the cervix and in hysterectomy specimens. Since the 
introduction of mass screening by smears, and with accumulated experience, it has been 
shown that these lesions are quite common. The investigations of the precursor lesions is 
facilitated by the accessibility of the cervix to clinical examination and inspection by the 
colposcope and the ease of cytologic and histologic sampling that could be subjected, not only 
to microscopic scrutiny, but also to cytogenetic and molecular biologic analysis. Although 
considerable progress has been made in the understanding of the natural history of these 
lesions, there are still many areas of ignorance requiring further clarification. 

The assumption of the prevention programs of cancer of the uterine cervix is that the 
precursor lesions may be identified in cervicovaginal preparations and eradicated, 
thus preventing the occurrence of invasive cancer. The success of these programs has 
been confirmed because, over the past half century, the rate of invasive cancer of the uterine 
cervix has been reduced by about 70% in the United States and other developed countries 
(summaries in Koss, 1989; Cannistra and Niloff, 1996). In developing countries, however, 
cancer of the cervix remains a common disease with a high mortality rate. 

The first part of the chapter is devoted to epidemiology, etiology, pathogenesis, and natural 
history of precursor lesions and squamous cancer of the uterine cervix. The cytology and 
histopathology of these lesions are discussed in Part 2. 

HISTORICAL PERSPECTIVE 

The identification of invasive carcinoma of the uterine cervix as a distinct disease, different from 
other tumors of the uterus, was significantly enhanced with the introduction of uterine biopsies 
by Ruge and Veit in 1877. The histologic features of invasive squamous cancer were well 
known toward the end of the 1 9th century and were illustrated in a number of textbooks, such 
as that by Amann, published in 1897. In fact, Amann also recognized the component cells of 
squamous carcinoma (Fig. 11-1) but neither he nor his contemporaries addressed the issue of 
the origin of invasive cancer. The credit for this contribution goes to W. Schauenstein, a 
gynecologist from Graz, Austria, who published, in 1908, a remarkable paper pointing out the 
striking similarity between the histologic patterns of cancerous surface 
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epithelium (Krebsbelag in the original German) and superficially infiltrating squamous cancer of 
the cervix. He expressed the opinion that the abnormal surface epithelium deserved the name 
of cancer because it was the source of origin of infiltrating carcinoma (Fig. 11-2). 
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Figure 11-1 Facsimile of drawings of a cervical carcinoma and cancer cells, derived 
from Amann's book on gynecologic histology, which appeared in 1897. The tissue lesion 
that was diagnosed as “carcinoma of cervix originating from squamous epithelium” would 
undoubtedly be classified today as a carcinoma in situ with extension to endocervical 
glands. Note the remarkably accurate drawings of “pyknotic cancer cells.” (JF Bergman, 
publisher, Wiesbaden, Germany.) 



Pronai in 1909 and Rubin in 1910 supported Schauenstein's observations by additional 
examples. The matter was also dealt with in considerable detail in a large book by Schottlander 
and Kermauner, published in 1912, which contains a detailed analysis of several hundred 
cases of uterine cancer. In reference to cancer of the uterine cervix, Schottlander and 
Kermauner coined the term carcinoma in situ to describe the cancerous epithelium on the 
surface of the uterine cervix and considered this lesion to be malignant. Although, in the 
American literature, the term “carcinoma in situ” is often attributed to the pathologist AC. 
Broders of the Mayo Clinic, who published a paper on this topic in 1 932, he was not the first 
person to use this term. Numerous synonyms, such as preinvasive carcinoma, 
intraepithelial carcinoma, precancerous epithelium, Bowen's disease of the cervix, and 
squamous or epidermoid carcinoma without evidence of invasion, have been used 
intermittently in the literature for many years to describe and discuss this lesion. The critical 
issue of whether such epithelial abnormalities may be recognized as cancerous in the absence 
of an invasive component was the subject of numerous controversies in the first decades of the 
20th century, first addressed by Rubin in 1910. In the 1920s and 1930s, two German 
gynecologic pathologists, Walter Schiller and Robert Meyer (both of whom escaped to the 
United States to avoid Hitler's racial laws) wrote extensively on the subject of interpretation of 
cervical biopsies and concluded that precancerous intraepithelial lesions were indeed 
precursors of invasive cervical cancer and could be so identified under the microscope. Still, 
because the behavior of the precancerous lesions has been shown to be unpredictable 
and not necessarily leading to invasive cancer, the controversy was not put to rest. With the 
onset of the 21st century, there are few observers who use the term “carcinoma in situ.” Most 
of them favor other terms, such as dysplasia, cervical intraepithelial neoplasia (CIN), and 
squamous intraepithelial lesions (SIL) of low (LGSIL) and high-grade (HGSIL), to be 
defined and discussed below. 
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Figure 11-2 Facsimile of a drawing from the paper of Schauenstein, published in 
1908, which served as a basis for his statement that the various forms of cervical cancer 
“show only quantitative and not qualitative differences.” The two lesions on the left are 
carcinomas in situ. (FromArch Gynaecol 85:576-616, 1908.) 



In 1925, a German gynecologist, Hinselmann, realized that the naked eye was not sufficiently 
keen to detect inconspicuous alterations of the cervical epithelium caused by early cancer and 
devised a magnifying instrument — the colposcope — that allowed the inspection of the 
vascular changes on the surface of the cervix at magnifications up to 20 times. Hinselmann 
supplemented the colposcopic investigation with cervical biopsies. As related by Limburg 
(1956). Hinselmann had much difficulty in trying to convince the conservative German 
pathologists that the precursor 



lesions discovered by colposcopy were malignant. To avoid controversies he devised a system 
of classification of the lesions into four groups (Rubriks), thus avoiding the term cancer. 
Unfortunately, the Rubriks included a variety of findings ranging from simple metaplasias to 
carcinomas in situ; thus, this method of classification has not found much following. The 
Rubriks are reminiscent of Papanicolaou's “ Classes," a system of diagnosis applied to 
cervicovaginal smears many years later and discussed below. 

In trained hands, the colposcope proved to be a very useful instrument, which has been 
extensively used in Europe and, with a delay of several decades, has also been adopted in the 
United States. It is of historical interest that the resistance to colposcopy in the United States 
was based on the notion that “no American woman will stay still long enough to be 
colposcoped,” as related to me many years ago by a senior gynecologist. The principal current 
application of colposcopy is in the localization and biopsies of epithelial abnormalities 
detected by cytology. 

The introduction of cervicovaginal cytology, as a means of detection of precancerous 
lesions of the uterine cervix, has been another milestone in the study of cancer of the uterine 
cervix (Babes, 1928; Papanicolaou, 1928; Viana, 1928). The method has played a central role 
as a tool of prevention of cervix cancer. As narrated in Chapter 1 of this book, Dr. George N. 
Papanicolaou's name is synonymous with the cytologic method of cervix cancer diagnosis and 
detection, and his contributions have been honored by the common term, Pap smear. Events 
leading to the recognition of human papillomavirus (HPV) as an important factor in the 
genesis of cancer of the uterine cervix are described below. 

EPIDEMIOLOGY 

In 1842, an Italian physician, Rigoni-Stern, examined the death records of the city of Verona for 
the years 1760 to 1839 and pointed out that cancer of the uterus was much more frequent 
among married women and widows than among unmarried women and nuns. He made 
a number of other fundamental observations and is considered to be the father of cancer 
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epidemiology. The term cancer of the uterus, used by Rigoni-Stern, undoubtedly comprised a 
large proportion of cancers of the uterine cervix, which was then, and remained for another 
century, by far the most common malignant disease of the uterus until the cancer detection 
systems took hold in the 1960s. Rigoni-Stern's paper appears to be the first recorded reference 
to what has been subsequently termed “marital” or “sexual” events that play a major role in 
epidemiology of squamous carcinoma of the cervix. Two epidemiologic factors play a major role 
in the genesis of this disease. These are: 

■ Young age at first intercourse 

■ Promiscuity or multiplicity of sexual partners 

It has been documented that women who begin their sexual life in their teens, who have multiple 
sexual partners, or who are multiparous at an early age, are at a greater risk for cancer of the 
cervix than women who begin their sexual activity later in life and are monogamous or have only 
few partners. This disease is extremely rare among nuns but common among prostitutes (Dunn, 

1953; Wynder, 1954; Towne, 1955; Kaiser and Gilliam, 1958; Taylor etal, 1959; Pereira, 1961; 

Roitkin, 1962, 1973; Nix, 1964; Christopherson and Parker, 1965; Martin, 1967; Barron and 
Richart, 1971; Kessler et al, 1974). Pridan and Lilienfeld (1971) pointed out that, although 
cancer of the uterine cervix is rare among Jewish women, it may be observed either in 
promiscuous women or women whose husbands were promiscuous. As briefly discussed in 
Chapter 10, women using intrauterine contraceptive devices or hormonal contraception are at a 
higher risk for development of cervical cancer precursors than women using the diaphragm, or 
whose partners use condoms, again suggesting that a direct contact between the sexes is a 
factor in carcinoma of the cervix. Thus, the pattern of occurrence of carcinoma of the 
uterine cervix is, in many ways, similar to that of a sexually transmitted disease, 
suggesting that a sex-related transfer of a factor or factors triggers the cancerous 
events. 

RISKFACTORS 

Sexually Transmitted Diseases 

A great many sexually transmitted disease agents were, at one time or another, considered as 
possible triggers of cancer of the cervix, including syphilis (Levin et al, 1942) and 
Trichomonas vaginalis (De Carnieri and DiRe, 1970). With effective treatment of syphilis by 
antibiotics, this disease ceased to be considered to be a suspect agent. In an extensive study, 

Koss and Wolinska (1959) ruled out Trichomoniasis as a candidate agent. Association of 
subtypes of Chlamydia trachomatis with cervical squamous carcinoma was discussed as a 
possible risk factor by Antilla et al (2001 ). 

Spermatozoa, Smegma, and Cigarette Smoking 

In 1968, Coppleson and Reid proposed that spermatozoa may penetrate the endocervical 
cells, change their genetic make-up (genome), and thus trigger cancerous proliferation. This 
theory received little attention until further observations by Bendich et al (1974, 1976) and by 
Higgins (1975), who pointed out that mammalian spermatozoa may indeed penetrate 
cultured mammalian cells in vitro and significantly modify their morphology, growth 
characteristics, and genome. Thus, this suggestion, which has been revived again in a paper 
by Singer et al (1976), is deserving of further investigation. 

The role of smegma as a possible carcinogenic agent was linked to the absence of 
circumcision in marital partners of women developing cervical cancer. There is no objective 
supportive evidence that this theory is valid, as summarized by Terris et al (1973). 

Several epidemiologic studies pointed out that cigarette smoking is a possible risk factor in 
cancer of the cervix 
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(Leyde and Broste, 1989; Slattery et al, 1989; Cocker et al, 1992; Daling et al, 1996). The 
finding of metabolites of tobacco carcinogens in cervical mucus (Philips et al, 1990; Prokopczyk 
et al, 1997) suggests that the relationship does not only pertain to lifestyle but may, in fact, have 
a biochemical basis. DNA damage in cervical epithelium related to tobacco carcinogens has 
been reported (Simons et al, 1995). Ho et al (1998) observed some synchrony between 
cigarette smoking, human papillomavirus type 16, and the occurrence of high-grade precursor 
lesions of the uterine cervix. 

Immune deficiencies, as a consequence of infection with human immunodeficiency virus 
(HIV), acquired immunodeficiency syndrome (AIDS), immunosuppression after organ transplant 
or chemotherapy for cancer, are also risk factors for cervix cancer, to be discussed below in 
reference to human papillomavirus infection. 
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VIRAL AGENTS 

During the last 30 years of the 20th century, several sexually transmitted viruses were 
considered as possible agents involved in the genesis of cancer of the uterine cervix. The two 
most important agents are herpesvirus type 2 and human papillomavirus (HPV). 

Herpesvirus Type 2 (HSV-2) 

The proponents of the HSV-2, a variant of herpesvirus discussed in Chapter 10, as the 
transmissible biologic agent triggering carcinoma of the uterine cervix, pointed out that the virus 
is sexually transmitted and ubiquitous and that women with antibodies to HSV-2 have a higher 
incidence of precancerous lesions of the cervix than controls (Adam et al, 1971; Nahmias et al, 

1974). Aurelian et al (1971) isolated the virus from cervical cancer cells grown in vitro. The 
expression of the viral genome could be demonstrated in cervical cancer cells by 
immunofluorescence (Aurelian, 1974). Centifano et al (1972) demonstrated the virus in the male 
genitourinary tract, a possible source of infection. Wentz et al (1975) produced carcinoma of 
the cervix in mice with HSV-2. 

The studies of antibodies to HSV-2 in various population groups, which first suggested a 
relationship of this virus to carcinoma of the cervix, were not consistent. In a review of this 
evidence, Kessler (1974) pointed out that the serologic methods used by the various 
investigators were quite variable and may have accounted for the observed differences. 

Subsequent studies, notably a much cited paper by Vonka et al (1984), failed to confirm the 
differences in serologic positivity between women with and without precancerous lesions or 
cancer of the uterine cervix. At the time of this writing (2004), there is little enthusiasm for the 
role of HSV-2 as a causative factor of cancer of the uterine cervix. On the other hand, the 
possibility that HSV-2 infection plays an indirect role in the pathogenesis of these lesions as a 
co-factor in human papillomavirus infection has been suggested (zur Hausen, 1982; Daling et 
al, 1996). 

Human Papillomaviruses (HPVs) 

In 1933, Shope and Hurst demonstrated that skin papillomas in wild cottontail rabbits could be 
transmitted from animal to animal by a cell-free extract, leading to the assumption that this 
disease was caused by a virus. The domestic rabbit was generally resistant to this infection, 
although, in some animals, the infection produced skin cancer (Rous and Beard, 1935). In 
1940, Rous and Kidd documented that the virus (by then named papillomavirus) could 
produce invasive and metastatic skin cancers in domestic rabbits pretreated with tar. Thus, the 
Shope papillomavirus was thought to be a co-carcinogenic agent, usually requiring the 
presence of another initiating agent, to produce a malignant tumor in a species of 
animals other than the species of origin. 

Many animal papillomaviruses are known today; they are generally species-specific and usually 
produce benign lesions of the skin or subcutaneous tissues. The bovine papillomavirus is 
thought to be a contributory factor in bladder tumors in cows. 

In reference to the uterine cervix, the occurrence of invasive cancer (Hisaw and Hisaw, 1958) 
and of carcinoma in situ and related precancerous lesions in monkeys ( Macaca species) was 
reported (Sternberg, 1961; Hertig et al, 1983). One such lesion is illustrated in Figure 11-3. It is 
of interest, therefore, that papillomavirus type RhPV-1 has been observed in penile and 
cervix cancers in rhesus monkeys (Kloster et al, 1988; Ostrow et al, 1995). Summaries of 
studies on animal papillomaviruses may be found in a contribution by Sundberg (1987) and in 
the IARC (International Association for Research on Cancer) monograph on Human 
Papillomaviruses (1995). 

Early Observations in Humans 

Human papillomaviruses (HPVs or “wart viruses”) have been suspected for many years as 
the cause of ordinary skin warts and of the common wart-like skin lesions known as venereal 
warts or condylomata acuminata, often simply designated as “condylomas.” Condylomata 
acuminata generally occur on external genitalia, the perineum, and the 

P.287 

perianal region (the latter most commonly seen in homosexual males, but, occasionally, also 
observed in women and children), where they form multiple, pedunculated or sessile, 
cauliflower-like excrescences surfaced by thick folds of squamous epithelium (Fig. 11-4); such 
lesions may also occur in the vagina and, rarely, on the uterine cervix. Similar flat, moist lesions, 
known as condylomata lata, occurring on external genitalia, are associated with secondary 
syphilis. 
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Figure 11-3 Carcinoma in situ observed in the cervix of a monkey, Macaca mulatta. 

(From Sternberg SS. In situ carcinoma of the cervix in a monkey [ Macaca mulatta}. Am J 
Obstet Gynecol 82: 96-98, 1961.) 



The viral origin of condylomata acuminata received strong additional support when viral 
particles were observed in the nuclei of squamous epithelial cells by electron 
microscopy (Dunn and Ogilvie, 1968; Oriel and Alameida, 1970). Studies of veterans returning 
from the Korean War, and of their spouses, have shown that condylomata acuminata is a 
sexually transmitted disease that takes several months to develop (Oriel, 1971). This was the 
first evidence that HPVs can cause a disease in humans. 

In 1956, Koss and Durfee coined the term koilocytotic atypia (from Greek, koilos = a hollow 
and kytos = cell) to describe, in cervicovaginal smears, peculiar large squamous cells with 
enlarged, hyperchromatic nuclei and a large clear perinuclear clear zone or halo, 
known today as koilocytes (see Fig. 11-6D). It has been shown subsequently, by electron 
microscopy, that the nuclei of koilocytes contain mature viral particles, whereas the clear 
cytoplasmic zones (halos) represent a collapse of the cytoplasmic filaments or 
cytoplasmic necrosis (see Fig. 11-6A) caused by the viral infection (Shokri Tabibzadeh et al, 
1981; Meisels et al, 1983, 1984). For a detailed analysis of koilocytes in cervicovaginal 
cytologic material, see Part 2 of this chapter. The presence of these cells in smears was shown 
by Koss and Durfee to correlate with histologic abnormalities of squamous epithelium 
resembling skin warts and, hence, named “warty lesions” (see Fig. 11-4B). An 
association of koilocytes, or warty lesions with bona fide carcinoma in situ, was observed in 18 
of 40 cases and in 9 of 53 invasive carcinomas. Koilocytes were also observed in two 
“squamous papillomas” of the cervix that today would be classified as condylomas. 

Such cells were previously described in 1949 and in several subsequent publications by a 
major contributor to cervical cytology, J. Ernest Ayre, who variously named them “precancer 
cell complex,” “halo cells,” or “nearocarcinoma” (early cancer). In a very few poorly 
documented anecdotal cases, Ayre reported a progression of this cytologic pattern to 
carcinoma of the cervix. In 1960, Ayre proposed that the “halo cells” may be caused by a 
not further defined viral infection. 




Figure 11-4 Condylomata. Condyloma of anus (A) and of the vulva ( B ). For detailed 
description of structure, see text. Note epithelial folds in A. 
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In December 1976 and January 1977, Meisels and Fortin, from Canada, and Purola and Savia, 
from Finland, simultaneously published papers linking condylomas and similar precancerous 
lesions of the uterine cervix with “wart virus” (since renamed human papillomavirus or HPV). 

The common denominator of these lesions was the presence of “halo cells” or 
koilocytes. The first confirmations of the association of some precancerous lesions of the 
uterine cervix with a viral infection were published in 1978 by Laverty et al from Australia and in 
1979 by Torre et al from Italy, who observed, by electron microscopy, viral particles consistent 
with a papillomavirus in precancerous cervical lesions. 

In a critically important paper, Kreider et al (1985) reported the induction of koilocytosis in 
fragments of normal human squamous epithelium by HPV type 11 in nude mice, thus confirming 
the role of HPV in the formation of this cell alteration. Subsequently, the presence of viruses of 
the papillomavirus family in precancerous lesions and invasive cancer of the uterine cervix was 
confirmed by a variety of techniques (see below). 

The initial cytologic, histologic, and clinical studies confirmed that the presence of koilocytes 
and, hence, HPV infection, was common in women with precancerous lesions of the 
uterine cervix, particularly in bearers of flat, wart-like lesions, soon renamed “flat 
condylomas” (Purola and Savia, 1977; Meisels and Morin, 1983). In young women, age 20 or 
less, nearly all precancerous cervical lesions had a morphologic configuration suggestive of 
HPV infection (Syrjanen, 1979). In subsequent years, these studies were significantly 
expanded, confirming the relationship between the precancerous lesions and manifestations of 
HPV infection in thousands of women. 

It was also reported in the first edition of this book in 
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1961 (and in subsequent editions), that the cytologic features of the uncommon large 
condylomas on the surface of the uterine cervix in very young women show marked 
similarities with precursor lesions of cervical cancer. For description of these findings, 
see Part 2 of this chapter. 

Subsequently, other minor cytologic abnormalities, such as parakeratosis, formation of 
squamous “pearls,” binucleation, slight enlargement of nuclei in squamous cells, and 
karyorrhexis were also considered as secondary landmarks of HPV infection. These 
abnormalities are discussed in Chapter 10. In the experience of this writer, these changes are 
not specific and may occur under a variety of circumstances, not necessarily related to HPV 
infection, in agreement with Tanaka et al (1993). 

Molecular Biology 

While the initial morphologic observations were being pieced together, substantial work was 
going on in several laboratories of molecular virology to identify and characterize 
papillomaviruses and clarify their role as possible oncogenic agents. Unfortunately, HPVs are 
very finicky and, so far, there is no tissue culture system to support their growth in vitro. Hence, 
the initial evidence had to be gathered by molecular cloning of viral DNAin plasmids and by 
Southern type analysis of viral DNA(Gissmann and zur Hausen, 1976; zur Hausen, 1976). For 
description of the plasmid technique and of the Southern blot analysis, see Chapter 3. These 
studies led to the identification of a few common types of HPVs (6, 11, and 16) and their 
fundamental structure. 




Figure 11-5 Structure of HPV. The drawing shows double-stranded DNA composed of 
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approximately 7,900 nucleotides (center ring) and the position of open reading frames 
(ORFs) E1-E7 and LI and L2 (outer rings). The function of the reading frames is discussed 
in text. (Courtesy of Dr. Robert Burk, Albert Einstein College of Medicine, Bronx, NY.) 



The HPVs are small, circular, double-stranded DNA viruses, each strand being 
composed of approximately 7,900 nucleotides. Only one of the two DNA strands is 
transcribed. The genetic organization of the viruses is usually presented as a single strand of 
DNA in the form of “open reading frames” (ORFs) or genes, containing messages for 
protein formation (Fig. 11-5). There are seven early (E) ORFs, ensuring the replication of the 
genetic machinery of the virus, and two late (L) ORFs inscribing capsular proteins. The protein 
products of ORF 1 and 2 reproduce the viral genome; ORF 2 regulates the transcription of the 
viral genome, whereas ORFs E6 and E7 play a role in cell transformation (see below). 

Classification 

There are more than 70 types of HPVwith several more types still not identified (Table 11-1). 

The types differ from each other by 50% or more in nucleotide homology and are 
sequentially numbered by an international agreement, starting with type 1. Several 
types of HPV that can be designated as mucosal (anogenital) HPVs, are observed in 
neoplastic lesions of the uterine cervix and other organs of the lower female genital tract. The 
introduction of the polymerase chain reaction (PCR) contributed significantly 
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to the identification of new HPV types and their presence in various lesions. By the use of this 
technique, minute amounts of viral DNA extracted from lesions could be amplified and analyzed 
in vitro by Southern blotting (Shibata et al, 1988; Nuovo, 1990; Nuovo et al, 1990, 1991; Bauer 
et al, 1991). For description of the principles of these techniques, see Chapter 3. Credits for the 
identification of various types of HPV are given in papers by Lorinczet al (1992) and de Villiers 
(2001 ). A novel classification system of papillomaviruses based on taxonomy was published 
recently by de Villiers et al (2004). 



TABLE 11-1 PRINCIPAL TYPES OF MUCOSAL (ANOGENITAL) TYPES OF HPV* 
HPV Type Origin of cloned genome 



HPV-6 


Condyloma acuminatum 


HPV-11 


Laryngeal papilloma 


HPV-16+ 


Cervical carcinoma 


HPV-187 


Cervical carcinoma 


HPV-31 + 


CIN 


HPV-33+ 


Cervical carcinoma 


HPV-34 


Bowen's disease 


HPV-35+ 


Cervical carcinoma 


HPV-39+ 


Penile intraepithelial neoplasia 


HPV-40 


Penile intraepithelial neoplasia 


HPV-42 


Vulvar papilloma 


HPV-43 


Vulvar hyperplasia 


HPV-44 


Vulvar condyloma 
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HPV-45t 


CIN 


HPV-51 + 


CIN 


HPV-527 


CIN 


HPV-53* 


Normal cervical mucosa 


HPV-54 


Condyloma acuminatum 


HPV-55 


Bowenoid papulosis 


HPV-56t 


CIN, cervical carcinoma 


HPV-587 


CIN 


hpv-so' 1 ' 


VIN 


HPV-61 


VaIN 


HPV-62 


VaIN 


HPV-64 


VaIN 


HPV-66-f 


Cervical carcinoma 


HPV-67 


VaIN 


HPV-68t 


Genital lesion 


HPV-69t 


CIN 


HPV-70 


Vulvar papilloma 



Since 1 994, additional types of HPV were identified as high-risk types 26, 73, 77, 82, 
and several others, not yet numbered (Munoz et al., 2003). 

High risk. 

Probable high risk. 

CIN: cervical intraepithelial neoplasia; VIN: vulvar intraepithelial neoplasia; VaIN: 
vaginal intraepithelial neoplasia. 

Modified from IARC Monograph, Vol. 64, Human papillomaviruses. Lyon, France, 1995, 
with permission. 



Depending on the frequency of occurrence in invasive cancer of the uterine cervix, the 

genital HPVs were initially classified as “low risk,” “intermediate risk,” and “high risk” types 
(Lorincz et al, 1992). The current trend is to recognize only two groups, low-risk and high-risk 
or oncogenic viruses. The latest classification, proposed by Munioz et al (2003) and based 
on 11 case-controlled studies from 9 countries, lists 15 viral types as high-risk (16, 18, 31, 33, 
35, 39, 45, 51, 52, 56, 58, 59, 68, 73, and 82), three as probable high-risk types (26, 53, and 
66) and 12 as low-risk types (6, 11, 40, 42, 43,44, 54, 61, 70, 72, 81, and CP6108). 

The most common “oncogenic” types of HPV are 16 and 18. HPV type 16 is most often 
observed in invasive squamous carcinomas, whereas HPV type 18 appears to have a 
predilection for lesions derived from the endocervical epithelium, such as small-cell 
carcinomas and adenocarcinomas (for discussion of these lesions, see below and Chapter 
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12). Type 18 and, to a lesser degree, type 16 were also identified in several cell lines derived 
from invasive cancers of the uterine cervix, such as HeLa, Caski, and C4-1. The distribution of 
HPV types in the genital tract of normal women, women with cytologic atypias, precursor 
lesions, and invasive cancer of the uterine cervix is shown in Table 11-2, based on a very large 
study by Lorincz et al (1992). 

The frequency of occurrence of other oncogenic types in invasive cancer is provided by Munoz 
et al (2003). Afew additional points must be stressed: in a small subgroup of cervix cancer, 
multiple viral types were identified. In a very small number of women, cancers were 
associated with the “low-risk” types 6 and 11. In all, 90.7% of 1,918 women with cervical 
cancer were shown to harbor HPV DNA 

In a control cohort of 1 ,928 women without cervical cancer 1 3.4% harbored HPV DNA, mainly 
of high risk type. Munoz et al calculated the risk ratio of cervical cancer in women infected with 
any type of HPV at 1 58 times the rate observed in women not carriers of the virus. 

Life Cycle 

The life cycle of HPVs takes place in the nuclei of squamous epithelial cells and depends 
on the mechanisms of epithelial maturation about which little is known. The viruses achieve 
their full maturity only in the nuclei of cells forming the superficial layers of the 
squamous epithelium and this phenomenon is known as a permissive infection. The 
koilocytes are an expression of permissive infection with HPV because their nuclei are 
filled with mature viral particles or virions. Electron microscopic studies of the infected 
nuclei have shown that the mature virions measure about 50 nm in diameter, have an 
icosahedral, that is having 20 faces, protein capsule, and usually form crystalline arrays (Fig. 

11 - 6 ). 

In lower layers of the squamous epithelium and in other types of epithelia, the viruses 
do not achieve full maturity and their presence can only be detected by their DNA 
(occult or latent infection). 

An important difference of presentation of HPV was observed between most precancerous 
lesions and invasive cancer (and the cell lines derived therefrom). In precancerous lesions, 
the virus is usually episomal, that is, not 
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integrated into cellular DNA but behaving as an independent plasmid, capable of its 
own life cycle, without the participation of host cell DNA. In invasive cancer, cell lines 
derived therefrom, and in some precancerous lesions of high-grade, truncated 
sequences of viral DNA are integrated into cellular DNA (Fig. 11-7) and their life cycle 
depends on the life cycle of the host cells. 



TABLE 11-2 DISTRIBUTION OF VARIOUS TYPES OF HUMAN PAPILLOMAVIRUS IN 
CERVICAL SPECIMENS IN A COHORT OF 2,627 WOMEN FROM SEVERAL STUDIES* 



Distribution of Viral Types 



HPV types* 


Normal 

cervix^ 


Atypia of 
unknown 
significance 


LGSIL 


HGSIL 


Invasive 

cancer 


Total 


None 


1,465 


206 


115 


33 


16 


1,835 


Low risk (6/11,42- 
44) 


14 


13 


76 


11 


0 


114 


Intermed. risk 
(31,33,35,51,52,58) 


23 


9 


45 


49 


12 


138 


High risk 
(16,18,45,56) 


31 


22 


106 


153 


117 


429 


Unknown typei 


33 


20 


35 


15 


8 


111 


TOTAL 


1,566 


270 


377 


261 


153 


2,627 



Percentage Distribution of Intermediate and High Risk HPV 
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Normal cervix^ N = 


Atypia of 
unknown 
significance 


LGSIL N = 




Invasive cancer 


1,566 


N = 270 


377 


HGSIL N = 261 


N = 153 


3.4% 


11.5% 


40.0% 


77.3% 


84.3% 



HPV by Southern blot. 



Most had negative cytology and colposcopy. 

Since this study was published in 1992, several of the “unknown” types of HPV have 
been identified as intermediate or high risk types 26, 39, 59, 68, 69, 73, 77, and 82. 

LGSIL = low grade squamous intraepithelial lesions; HGSIL = high grade squamous 
intraepithelial lesions. (Modified from Lorinczet al. Obstet Gynecol 79:328-337, 1992, with 
permission.) 



Role of Open Reading Frames E6 and E7 in Carcinogenesis 

In the search for a possible carcinogenic function of HPV, it has been documented that the 
proteins of the open reading frames E6 and E7 from the high-risk HPV types 16 and 18 
react with proteins regulating the events in cell cycle. Thus, the E6 protein reacts with 
p53, which is one of the key regulatory genes governing the transcription of DNAin the G1 
phase of the cell cycle and leads to its degradation (Chen et al, 1993). E7 protein reacts with 
the Rb gene, which governs the orderly transition of cells from G i to G 2 phase of the cell 
cycle and leads to its degradation (Fig. 11-8). The reactions require intermediate molecules, 
including ubiquitins. Loss of the open reading frame E2 that has a regulatory function is 
probably important in this sequence of events (Dowhanick et al, 1995). It has been fairly 
universally assumed that this relationship of the E6 and E7 proteins contributes to events 
leading to carcinoma of the uterine cervix (summaries in Shah and Howley, 1 992; Howley, 

1995; Munger et al, 1992). In experimental systems, the activation of E6 and E7 genes proved 
to be important in immortalization of normal human squamous cells in culture by HPV types 16 
or 18 (De Palo et al, 1989; Woodworth et al, 1989; Montgomery et al, 1995). The E6 and E7 
genes are usually well preserved and, perhaps, even enhanced in the integrated viral DNA 
possibly contributing to the malignant transformation (Einstein et al, 2002). 

In this context, it is important to note that other DNA viruses, such as adenovirus and 
simian virus 40 (SV 40), interact with p53 and Rb genes more efficiently than HPV but 
are not carcinogenic in humans. Thus, additional mechanisms must be operational to 
explain the carcinogenic role of HPV (Lazo, 1999). 

HPV in Precursor Lesions and Cancer of the Uterine Cervix 

The earliest study documenting the presence of HPVs in a neoplastic lesion of the cervix were 
based on electron microscopy of biopsies of the cervix, cited above, and extended to 
corresponding cells in smears by Meisels et al (1983). By this technique, only the mature virions 
of unknown type can be demonstrated in the nuclei of the affected cells (see Fig. 11-6). Another 
technique suitable for demonstration of mature virions was based on an antibody to common 
antigen contained in capsids of bovine papillomavirus (Jenson et al, 1980). Using an 
immunologic technique on tissue sections of precursor lesions, it was shown that the presence 
of mature virions was generally limited to the nuclei of cells in the upper layers of the 
squamous epithelium, notably the nuclei of koilocytes (Fig. 11-9A). Apositive reaction 
with the nuclei of cells of the basal layer was exceptional. This technique was applied to 
abnormal cells in smears by Jean Gupta et al (1983), but provided no information on latent 
infection. 
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Figure 11-6 Light and electron microscopic presentation of koilocytes. The light 
microscopic appearance of these cells is shown in D. Note the enlarged single or double 
nuclei and the sharply demarcated perinuclear clear zone surrounded by a narrow rim of 
cytoplasm. A,B. Electron micrographs of koilocytes from a cervical smear. In A, an array of 
viral particles is present in the nucleus and there is a near-complete destruction of the 
perinuclear cytoplasm, accounting for the perinuclear “cavity” in light microscopy. In B, the 
crystalline array of viral particles, each measuring approximately 50 nm in diameter. C. 
Immunoperoxidase-labeled HPV antibody reaction (black stain) in nuclei of a histologic 
section of a vulvar condyloma, treated with a broad spectrum antibody to papillomaviruses. 
(A x5,590; B: *44,200.) 



To identify latent infection and to determine the relationship of specific viral types to 
human disease, molecular hybridization techniques were required. The general principle 
is based on hybridization homology between a known DNA sequence and the unknown 
target DNA (see Chap. 3 for a description of the basic principles of these techniques). An 
essential first step was the unraveling of the molecular structure of the viruses of various types, 
leading to the production of type-specific DNA probes (zur Hausen, 1976; Gissmann et al, 

1983). The hybridization techniques can be used under stringent or nonstringent conditions. 

The nonstringent conditions may reveal the presence of viral DNA of several related viral types. 

Under stringent conditions, only one specific viral type will be demonstrated. 
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Figure 11-7 Schematic representation of nonintegrated and integrated human 
papillomavirus DNA(red dots). 



HPV-ES 




i 



Degradation 



Cell Cycle phase 




Degradation 



Figure 11-8 Diagram of the impact of HPV proteins E6 and E7 on various stages of 
cell cycle. The protein E6 interacts with p53 affecting the Gl stage of the cell cycle. 
Protein E7 reacts with retinoblastoma (Rb) gene and, thus, with the terminal phase of Gl 
and the beginning of S phase of the cell cycle. Ubiquitin mediates degradation of both 
tumor expressor proteins, thus facilitating the expression of genes needed for completion 
of cell cycle. (Courtesy of PA Lazo. The molecular genetics of cervical carcinoma. Br J 
Cancer 80:2008-2018, 1999.) 
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Figure 11-9 A Anal condyloma stained with immunoperoxidase-labeled antibody to broad 
spectrum capsular antigen of HPV. The dark nuclei contain viral particles. B. In situ 
hybridization of a low-grade squamous intraepithelial lesion of cervix with a probe to HPV 
type 16. The dark brown-stained nuclei contain viral DNA. 



Southern blotting technique remains the “gold standard” of such studies because of its 
sensitivity and specificity. The technique can be applied to liquid samples collected from the 
cervix or vagina of patients or to DNA extracted from specific lesions. It was assumed that the 
viral type in the liquid sample corresponded to the viral type present in the lesion. By 
this technique, initial information could be obtained on the presence of various types of HPV in 
DNA extracted from various lesions, such as invasive cancer. The technique also provided 
information on the relationship of the viral DNA to the genomic DNA that is, whether the viral 
DNA was episomal or integrated, but provided no information on the distribution of viral DNAin 
lesions. 



In situ hybridization of tissue sections with probes to various types of HPV provides 
information on the distribution of specific types of viral DNA in histologically identified 
specific lesions (Fig. 11-9B). The probes can be labeled with either radioactive compounds, 
requiring lengthy exposure and development of photographic plates, or with biotin for a rapid 
microscopic visualization of the positive immune reaction. An imaginative application of the in 
situ hybridization technique is the use of antisense RNA probes, which hybridize to mRNA 
produced by the virus and, hence, reveal active viral transcription (Staler and Broker, 1986). A 
relatively simple dot blot hybridization technique can be used for screening of cell samples 
suspended in a liquid medium. The latter technique allows synchronous analysis of multiple 
samples. Cell DNA is placed (spotted) onto a nitrocellulose membrane, denatured by heat, and 
hybridized with viral DNA labeled with a radioactive probe under stringent conditions. 
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The identification of viral presence is facilitated by polymerase chain reaction (PCR), to 
amplify small amounts of DNA extracted from cells or tissues. Probes to most viral types are 
now commercially available and the procedure has been automated. Most recent studies 
describing the relationship of HPV with cervical cancer are based on this technique. PCR may 
also be used in situ in cells and tissues with markedly increased sensitivity (Nuovo et al, 1 991 ; 
Bernard et al, 1994) but the technique is difficult and prone to errors. Most recently, a hybrid 
capture technique has been developed to document the presence of the virus in liquid 
samples obtained from the female genital tract (Lorincz, 1996). The principles of the technique 
are described in the legend to Figure 11-10. The test has been automated with apparently 
reliable results. It was approved by the Food and Drug Administration (FDA) in 2003 as an 
ancillary test for evaluation of precancerous lesions of the uterine cervix (see Part 2 of this 
chapter for further discussion of this topic). 

The sensitivity of these techniques varies significantly. Common capsid antigen has low 
sensitivity and requires a fairly massive presence of mature virions to be positive. Southern 
blotting may give a positive signal with a small number of viral copies. Dot blotting, used as a 
screening test, has moderate sensitivity. The in situ hybridization techniques with DNA probes 
are less sensitive than Southern blotting and require from 1 0 to 50 copies of viral DNA for the 
signal to reveal the presence of the virus. In situ hybridization with RNA probes is more 
sensitive. With the use of the PCR, a single copy of the virus can be detected. Hybrid capture 
technique appears to have a sensitivity similar to Southern blotting. 



Evidence Supporting the Role of HPV as a Carcinogenic Agent 

Over the past decade, the literature on this topic has grown exponentially and only a very brief 
summary of the salient facts can be given here. The presence of high-risk (including 
intermediate-risk) HPVs has been documented in nearly all invasive cancers and in 
50% to 90% of precancerous lesions (Lorincz et al, 1992; zur Hausen, 1994; Bosch et al, 

1995; Fahey etal, 1995; Howley, 1995; Shah and Howley, 1995; Kleteretal, 1998; Lazo, 1999; 

Burk, 1999; Munoz et al, 2003). The highest figures, published since 1990, were based on 
PCR, which allowed for the 
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detection of minute amounts of viral DNA in target tissues or cells. It is generally thought that 
integration of HPV into the cell genome and the affinity of the oncoproteins E6 and E7 for the 
p53 and Rb regulatory proteins are the triggers leading to the multiple genetic abnormalities 
that are the hallmark of cancer. In 1995 a committee of experts convened by the IARC, 
declared HPV 16 to be a carcinogenic agent and HPV types 18 and 31 as probable 
carcinogenic agents (see IARC Monograph 1 995 for a detailed analysis of the published data). 

Latest classification by IARC team was discussed above (Munoz et al, 2003). 




Figure 11-10 The Hybrid Capture II HPV test is a second-generation DNA test that relies 
on signal amplification to achieve high sensitivity. Specimens are treated with a denaturant 
to break up cell DNA to form single-stranded DNA Then HPV-specific RNA probes are 
added and hybridization is allowed to proceed. If there is a specific HPV type in the 
specimen, its genomic DNA will form an RNA-DNA hybrid. These hybrids are captured on a 
microplate well and reacted with an alkaline phosphatase monoclonal antibody conjugate 
specific for RNA-DNA hybrids. Unbound molecules are removed by washing, and the 
hybrid conjugates are detected by chemiluminescence produced by the dephosphorylation 
of a dioxetane-based substrate. The test has been approved by the FDAas an ancillary 
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method of screening for carcinoma of the uterine cervix. (Courtesy of Dr. Attila Lorincz, 

Digene Corp., Gaithersburg, MD 20878; modified.) 



Initial studies of patients suggested that the mere presence of HPV was a risk factor for the 
development of cancer of the cervix. Subsequent studies in women with normal cervicovaginal 
smears gave inconsistent results, ranging from 0 in virgins (Fairley et al, 1992) to 47% (ter 
Meulen et al, 1992) in various populations from several continents (for summary, see IARC 
Monograph 1995 and Munoz et al, 2003). Follow-up of patients, with or without cytologic 
abnormalities, suggested that women carriers of HPVs, particularly of the high-risk type, 
are at risk for developing intraepithelial precursor lesions, some of which are high- 
grade (de Villiers et al, 1992; Koutsky et al, 1992; Schlecht et al, 2001). Burk (1999) estimated 
that women carriers of the virus were three times as likely to develop precancerous lesions as 
women free of virus. 

With the introduction of the sensitive PCR method of virus detection, in a number of studies of 
various populations of healthy young women in the United States, it has been shown that the 
presence of HPV, mainly of high-risk type, could be documented in nearly half of them 
(Bauer et al, 1991). The proportion of women carriers of high-risk HPV increased with the 
number of sexual partners, reaching 100% in those with 10 sexual partners (Lay et al, 1991). 

Clearly, only a tiny fraction of these women would be likely to develop cancer of the 
cervix. Serologic methods of immunotesting for the past or current infection with HPV have 
also been conducted, searching for antibodies 
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to viral capsids (Kirnbauer et al, 1994; Viscidi et al, 1997; Rudolf et al, 1999). The method 
appears to be efficient in identifying people exposed to the virus (usually type 16), but its clinical 
value has not been proven. 

It was subsequently documented that, in most young women, the presence of the virus is 
transient and of no apparent clinical significance. Ho et al (1998) documented that the 
dominant type of virus may change with each test. Moscicki et al (1998) followed 618 
women positive for HPV; in 70% of them, the presence of the virus could no longer be 
documented after 24 months. In women with persisting infection, only 12% developed precursor 
lesions. Normal pregnant women are frequent carriers of HPV Depending on the trimester of 
pregnancy, 30% to 50% of women showed evidence of HPV infection, half of them of the high- 
risk type (Schneider et ai, 1987). Rando et al (1989) reported that the proportion of women with 
HPV DNArose from about 21% in the first trimester of pregnancy to 46% in the third trimester. 

Thus, the presence of the virus in pregnant women is transient and is related to 
somewhat lowered immunity occurring during pregnancy. 

Because the proportion of normal women carriers of the virus is extremely high, a new theory 
had to be constructed, to wit, that only persisting infections with viruses of high-risk 
type lead to precancerous lesions and, by implication, to invasive cancer. Several 
follow-up studies, notably by Ho et al (1995); Walboomers et al (1995); Moscicki et al (1998); 

Chua and Hjerpe (1996); and Wallin et al (1999), presented persuasive evidence that women 
with persisting infection with a high-risk type HPV were at risk for the development of high- 
grade lesions and, by implication, invasive cancer of the cervix. Perhaps the most interesting 
prospective studies were conducted in the Netherlands (Remmink et al, 1995; Nobbenhuis et 
al, 1999). In the Remmink study 342 women with cytologic diagnosis of “Pap lllb,” a suspicious 
smear suggestive of some form of intraepithelial neoplasia, were followed for about 16 months. 

Every 3 to 4 months, the women were examined by colposcopy (without biopsies) and HPV 
DNA testing for 27 “high risk” types was performed by using the PCR method. At the start of the 
follow-up, 62% of the women were HPV-positive. At the conclusion of the study 19 women 
(5.6% of the cohort) who were HPV positive throughout the study, progressed to CIN III, 
occupying two or more quadrants of the cervix. In the Nobbenhuis study, 353 women with a 
cytologic diagnosis of mild, moderate, or severe dyskaryosis and, hence, some form of 
“dysplasia,” were followed, as in the Remmink study, for a period of over 5 years. Thirty three 
(9.3%) of the cohort developed a high-grade precursor lesion (CIN III) occupying three or more 
quadrants of the uterine cervix, all having been HPV positive throughout the study period. The 
conclusions of the Dutch studies stated that women with persisting infection with a high-risk 
HPV were those most likely to develop an extensive high-grade neoplastic lesion. At the time of 
this writing (2004), it is the consensus of the investigators that persisting infection with a high- 
risk HPV causes cervical cancer (Manos et al, 1999; Staler, 2000; Schlecht et al, 2001 ). Still, 
cancer of the uterine cervix is, at best, a rare complication of HPV infection, as 
recently confirmed by the Dutch investigators who were among the most active 
promoters of the HPV-cancer relationship (Helmerhorst and Meijer 2002). 

An important, although indirect, confirmation of the role of HPV 16 in carcinogenesis of the 

uterine cervix has been the development of a vaccine, first in mice (Balmelli et al, 1998) and 
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then in humans. In preliminary trials, the vaccine has been shown to be protective of HPV- 

associated precancerous abnormalities (Koutsky et al, 2002). 

Unresolved Questions 

■ It is evident that the presence of HPV, even in the high-risk type, in the genital 
organs of a woman, does not constitute evidence of a precancerous event or cancer. 

Studies of persisting infection with high-risk HPV, summarized above, do not address the 
question why some women have a persisting HPV infection and most do not, why only a 
small percentage of the women with persisting infection will develop precancerous lesions, 
nor does it address the question of what percentage of women with CIN III will progress to 
invasive cancer. In my view (LGK), this algorithm represents a simplistic explanation of a very 
complex problem and raises many questions that have not been addressed to date. 

■ The frequency of documented viral presence diminishes with age. It is highest in 
teenagers and in women in the third decade of life, but becomes much lower in the fourth 
and subsequent decades. Yet, invasive cancer of the uterine cervix has its peaks in 
the fourth and fifth decades of life, hence, the conclusion that the virus must remain 
latent for many years and yet remain active to induce the multiple molecular genetic 
changes that are a prerequisite of invasive disease. Virtually nothing is known about 
these events. 

■ There are no specific associations of HPV types with precursor lesions of cervix 
cancer. All HPV types, whether low-, intermediate-, or high-risk, occur in precursor lesions, 
regardless of their morphologic configuration and classification as either low-grade or high- 
grade (see Table 11-2). Thus, the severity of the abnormality in a precursor lesion 
cannot be correlated with viral type. The end point, usually invasive cancer of the cervix, 
but not always, correlates with high-risk viral types but it represents only a very small fraction 
of infected women. 

■ The behavior of intraepithelial precursor lesions, whether high- or low-grade, is 
insecure. Although many of them, particularly the low-grade lesions, may regress or persist 
without progression, some other lesions of identical morphologic configuration may progress 
to invasive cancer, as is discussed later on in this chapter. In the absence of long-term 
prospective follow-up studies of the precursor lesions, their insecure behavior has 
not been correlated with viral types. In attempting to explain the mechanisms controlling 
the behavior of these lesions, Kadish et al (1997) have suggested that the immune response 
in the patients' cervical 
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stroma may be the decisive factor accounting for this behavior. Kobayashi et al (2002) 
observed the presence of lymphoid aggregates in the stroma of the cervix in the presence or 
absence of neoplastic lesions but failed to correlate the findings with behavior. In keeping 
with the viral persistence theory, discussed above, it has been suggested that women who 
get rid of their virus may have regressing lesions, but such a study has not been conducted 
to date. 

■ The mechanisms of viral transmission. It is generally assumed that HPV is transmitted 
between sexual partners. In support of this thesis, it has been shown that the presence of 
HPV in sexually active young women increases with the number of sexual partners, 
reaching 100% in women with 10 partners (Ley et al, 1991). However, tracing the virus to 
male partners has proven to be difficult. Initial studies of penile lesions in male partners of 
women with precancerous lesions of the uterine cervix suggested that in 50% to 70% of the 
males, inconspicuous lesions on the skin on the shaft of the penis, detected with a 
colposcope, may be the source of the infection (Barrasso et al, 1987). In a subsequent 
communication in a French journal (1993), Barrasso et al reduced this figure to 35% to 40% 
of males. In a study by Baken et al (1995) using PCR, the presence of any type of HPV in 
both sexual partners occurred in only about half of the couples and matching viral 
types were relatively uncommon; a complex analysis was used to show that the limited 
concordance was statistically significant. Castellsque et al (2002) reported that circumcision 
in males has a protective effect on males and their female partners. It is beyond the scope of 
the present work to cite additional references on this topic and the reader is referred to the 
IARC Monograph (1995) for additional reading. At the time of this writing, the source of the 
viral infection is not clear in many female patients with neoplastic lesions of the 
uterine cervix. 

■ Further, the presence of HPV sequences in carcinomas of the cornea, larynx, esophagus, 
and lung, discussed below, strongly suggest that sexual mode of transmission is not the 
only mechanism of activation of HPV which has great affinity for squamous cancer of 
many organs. 
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■ Mechanism of infection. It is currently assumed that the infection of the epithelium with 
HPV occurs at the level of the basal layer of the squamous epithelium of the cervix, this 
being the only part of the epithelium capable of mitotic activity necessary to induce epithelial 
transformation. There are many aspects of this assumption that have not been proven. For 
example, it is not known whether mature virions or sequences of viral DNAare capable of 
infecting the target epithelium. It is not known whether receptors exist on the surfaces of the 
target cells to capture the virus and to facilitate the transfer of viruses into the cell interior. It 
is not known how the viruses travel across the cytoplasm to reach the nucleus. 

■ Therefore, the carcinogenic role of the virus can only take place under certain 
conditions that favor its persistence. Little is known about these risk factors but one of 
them may be the immunodeficiency. The first study to this effect was a report from this 
laboratory on four immunodeficient female patients (three of them with Hodgkin's disease) 
who developed multifocal HPV-related precancerous lesions in their genital tracts, which in 
one of them progressed to invasive cancer. The presence of the virus in the precancerous 
lesions was documented by electron microscopy in all four patients (Shokri-Tabibzadeh et al, 

1984). Asimilar observation was made by Katz et al (1987) in a larger group of patients with 
Hodgkin's disease. Immunosuppressed organ-transplant recipients also show a high 
rate of cutaneous warts and cervical carcinoma in situ (Baltzer et al, 1993; also see Chapter 
18). A high frequency of viral infection and precancerous lesions is observed in 
immunosuppressed women, particularly women infected with human immunodeficiency virus 
(HIV) and women with AIDS (Schrager et al, 1989; Feingold et al, 1990; Maiman et al, 1990, 

1993; Klein et al, 1994; Sun et al, 1997; Palefsky et al, 1999; Ellenbrock et al, 2000). We 
have observed evidence of HPV infection in female children treated with chemotherapy 
(see Fig. 18-7A) and in women past the age of 80 or even 90. 

■ It has been proposed (Koss, 1989, 1998) that a nonsexual mode of viral infection may 
exist and that the infection may occur at birth and remain latent and not detectable until the 
virus is activated under circumstances related to the onset of sexual activity. The presence 
of HPV in neoplastic lesions of many organs other than the genital tract is in favor of 
this concept. Galloway and Jenison (1990) and Jenison et al (1990) observed high rates of 
serologic positivity, as evidence of past infection, in normal adults and in children, using 
antibodies to fusion proteins of HPV. In subsequent studies, using antibodies to capsids of 
HPV type 16, seropositivity was limited to some patients with documented past or current 
infection (Carter et al, 1996). The possibility of viral transmission at birth was investigated 
by Sedlacek et al (1989) by studying nasopharyngeal material in newborn infants. In 15 of 45 
infants, the presence of viral DNA could be documented by Southern blotting. Also 2 of 13 
amniotic fluid samples contained HPV DNA. Perinatal transmission of the virus was also 
studied by Tseng et al (1998) and by Tenti et al (1999). In both studies, from 22% to 30% of 
the infants were shown to carry the virus, although the long-term significance of this 
observation is still under debate. However, a prospective study by Watts et al (1998) 
considered the risk of perinatal transmission of the virus as very low. 

■ Assuming that a nonsexual mode of viral transmission does exist, the activation at the 
onset of sexual activity would have to be explained. The possible role of spermatozoa as a 
carcinogenic agent has been discussed above and is deserving of further investigation. 

Another possible risk factor that has not been investigated so far is the possibility that the 
amount of exposure may be important; a “superinfection” with a massive number 
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of virions may be significant, especially in very young teenagers who were shown to be 
particularly susceptible to this infection (Hein et al, 1977). Zur Hausen (1982) also 
speculated on the possible role of synchronous infection with herpesvirus type 2. Ho et 
al (1998) speculated that cigarette smoking may be a risk factor (see above). 
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Figure 11-11 Diagram summarizing the probable sequence of events leading from the very 
common human papillomavirus infection to the rare invasive cancer of the uterine cervix. 
Two patterns of disease are recognized. The untreated low-grade squamous intraepithelial 
lesions (LGSIL, left) infrequently progress to invasive cancer. The progression of untreated 
high-grade intraepithelial lesions (HGSIL, right) is more common but still far from certain. 
The figures are approximate and reflect the writer's preferences and concepts. 



There is no doubt that HPV is associated with precancerous and cancerous lesions of the 
female genital tract and that behavioral factors play a role in the development of these lesions. 

To paraphrase Pagano's comment on the role of Epstein-Barr virus in nasopharyngeal 
carcinoma (1992): IstheHPVa “passenger," a “driver," or both? (cited by Koss 1998). 

Several issues of importance have been discussed above. Apossible sequence of events in 
the relationship of HPV to precancerous and cancerous lesions of the uterine cervix is shown in 
Figure 11-11. 

HPV Testing for Triage and Diagnosis of Precancerous Lesions of the Uterine 
Cervix 

Within the recent years, numerous papers have been published describing the results of HPV 
testing as a means of detection and characterization of precancerous lesions of the uterine 
cervix. The initial observations pertaining to the prognostic significance of persistence of the 
virus have been cited above. The use of HPV testing, usually by the Hybrid Capture technique, 
discussed above, was investigated among others by Vassilakos et al (1998), Sherman et al 
(1998), Manos et al (1999), Coxet al (1999), Denny et al (2000), Schiffman et al (2000), Wright 
et al (2000), and Zuna et al (2001 ). 

All observers agree that the testing is possible and reliable when performed on residual cells 
from liquid cytologic samples but vary widely in assessment of the utility of the test as a 
method of cancer detection. The most important argument against this application of HPV 
testing is the very large number of false positive tests in sexually active young women (Clavel et 
al, 1999; Bishop et al, 2000; Davey and Armenti, 2000; Koss, 2000; Cuzick, 2000). 

Although the performance of the cervicovaginal cytology is labor intensive and, therefore, 
costly, whereas HPV testing could be automated, the utility of the test as a cancer detection tool 
replacing the Pap smear is a saving of doubtful value. 

The application of HPV testing in the assessment of atypical squamous or glandular cells of 
unknown significance (ASC-US, AGUS) is discussed in Part 2 of this chapter. 

HPV in Organs Other Than the Uterine Cervix 

Most HPV types are observed in skin lesions; several were identified in a rare hereditary skin 
disorder, sometimes leading to skin cancer, known as epidermodysplasia verruci-formis 
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(Orth, 1986). Bowenoid papulosis, usually a self-limiting disease of the anogenital skin 

occurring as brown papules, mainly in young sexually active people, was shown to be 
associated with HPV type 16; this disorder is now considered a source of viral transmission 
between sexual partners. 

Anal lesions, which are similar to the lesions of the uterine cervix, will be discussed in Chapter 
14. The occurrence of condylomas on the penis is well known. A lesion of the shaft of the 
penis, which is intermediary between a condyloma and a low-grade squamous cancer, known 

as the giant condyloma of Buschke-Loewenstein, usually contains HPV 6. Invasive 
squamous cancer of the penis, rare in the developed countries, but fairly common in Latin 
America and in Africa, often contains HPV 16. However, the presence of high-grade 
precancerous lesions, either on the shaft of the penis or in the penile urethra, has not 
been well documented, an issue of importance in epidemiology of HPV (see above). 

Squamous carcinomas in situ (Bowen's disease) and invasive squamous cancers of 
the vulva were shown to contain several viral types, including 6, 11, and 16. The 
references pertaining to these lesions will be found in the appropriate chapters and in the IARC 
Monograph (1995). 

Several studies linked oral cancer with various types of HPV, particularly types 6 and 16 
(Madenetal, 1992). For further discussion, see Chapter 21. Laryngeal papillomatosis, an 
uncommon chronic disorder of the larynx, observed mainly in children (juvenile form) but 
occasionally in adults, has been shown to be associated with HPV types 6 and 11 (Mounts et 
al, 1982; Steinberg et al, 1983; Lele et al, 2002). It is likely that the juvenile form of laryngeal 
papillomatosis may be the result of contamination of the infant with the virus at birth, during 
passage through the vaginal canal. Byrne et al (1986) have shown that the laryngeal lesions 
may become malignant and form metastases containing HPV type 11, an observation 
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confirmed on four additional patients by Lele et al (2002). Condylomas of the urinary bladder 
were shown to contain HPV types 6 and 11 (Del Mistro et al, 1988; see Chapter 22). 

Precancerous lesions and cancer of the conjunctiva and the cornea of the eye (McDonell et 
al, 1989) and carcinomas of the esophagus in China (Chen et al, 1994) have been shown 
to contain HPV type 16 (see Chapter 24). Another candidate for the observation with HPV is 
squamous cancer of the lung (Syrjanen et al, 1989; Papadopoulou et al, 1998), although this 
association requires further confirmation. It is evident that, in most of these situations, sexual 
transmission of the virus is extremely unlikely. 

SEQUENCE OF MORPHOLOGIC EVENTS IN THE DEVELOPMENT OF 
CERVIX CANCER 

Over the years, many attempts have been made to establish a logical sequence of morphologic 
events in the genesis of invasive cancer of the uterine cervix. A progression of intraepithelial 
lesions from slight to marked to invasive cancer has been postulated (Cain and Howell 2000). 
Unfortunately, the reality defies such simplistic schemes. As is set forth below, although a 
transformation of the initial low-grade lesions to high-grade lesions may occur, it is a 
relatively uncommon event. Most high-grade lesions develop independently in 
adjacent segments of endocervical epithelium. The sequence of events is illustrated in 
Figure 11-12. The behavior of precancerous lesions is discussed below. 

Initial Events: Low-Grade Squamous Intraepithelial Lesions (LGSIL) 

The initial events in carcinogenesis of the uterine cervix occur in most, but not all, cases 
within the squamous epithelium in the area of the squamocolumnar junction or 
transformation zone (Fig. 11-12A). Ferenczy and Richart (1974) have shown, by scanning 
electron microscopy, that the surface configuration of the squamous epithelium of the 
transformation zone is characterized by smaller cells lacking the microridges characteristic of 
mature squamous epithelium (Fig. 11-13). It is not known whether this feature is of significance 
in carcinogenesis. 

The earliest morphologically identifiable precancerous tissue lesions (LGSIL, or mild 
dysplasia) are characterized by enlarged and hyperchromatic nuclei, and the presence 
of normal and abnormal mitoses, occurring at various levels of the reasonably orderly 
squamous epithelium (Figs. 11-12B, 11-14). In some of these lesions, the abnormal 
nuclei are surrounded by a clear cytoplasmic zone (koilocytes) that provide morphologic 
evidence of a permissive human papillomavirus infection with a variety of viral types 
(see Fig. 11-9B). In some cases, the squamous epithelium is thickened, folded, and 
provided with a superficial layer of keratinized cells. Such lesions resemble a wart or a 
condyloma acuminatum and, therefore, are sometimes referred to as a “flat condyloma,” a 
term that is no longer recommended (see Fig. 11 -4 and Part 2 of this chapter). 

The early neoplastic events may also take place outside of the transformation zone, 
either on the native squamous epithelium of the uterine portio or in the endocervical 
epithelium. The lesions on the native squamous epithelium are identical to those occurring in 
the transformation zone, described above. The early neoplastic events occurring in 
endocervical epithelium are difficult to recognize or classify and are generally known as 
atypical squamous metaplasia, discussed in Chapter 10 and again further on in this chapter. 

Studies of populations of women with multiple cytologic screenings show that, after elimination 
of all precursor lesions, the predominant new lesions observed in such women are the low- 
grade squamous lesions described above (Melamed et al, 1969) (Fig. 11-15). The incidence 
of these lesions is approximately 5 to 6 per 1,000 women's years. The prevalence 
depends on the type of population studied and ranges from 1 to 5%, occasionally 
somewhat higher. Although most initial lesions are generally first observed in young 
women or even adolescents (Hein et al, 1977), they may also be observed in older 
women, even after the menopause. 
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Figure 11-12 Sequence of events in the development of precancerous lesions of 
the uterine cervix. A Normal cervix. Horizontal arrow indicates transformation zone (TZ). 
B. Early neoplastic events (red dots) occurring in the TZ (horizontal arrow). C. Lesion 
progressing from the transformation zone to squamous epithelium of the outer cervix, 
resulting in low-grade squamous intraepithelial lesion (LGSIL; arrow down). These lesions 
may sometimes progress to squamous carcinoma. D. Lesion progressing from the TZ in the 
direction of endocervical canal (arrow up), resulting in high-grade intraepithelial lesions 
(HGSIL). E Development of endocervical adenocarcinoma (TZ; horizontal arrow). Events 
depicted in C-E may be synchronous. (Drawing by Prof. Claude Gompel, Brussels, 
Belgium.) 




Figure 11-13 Scanning electron micrograph of the transformation zone. The mature 
squamous epithelium forms a ridge around the central zone (transformation zone), wherein 
the component squamous cells are much smaller. The external os is seen as a comma- 
shaped opening. (x220.) (Courtesy of Drs. A. Ferenczy and R.M. Richart, New York, NY.) 
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Figure 11-14 Low-grade squamous intraepithelial lesions (LGSILs) of the uterine 
cervix. A The similarity of the lesion with condylomas shown in Figure 11-4B is striking. 
Also note the superficial layers of keratinized cells. B. The squamous epithelium is of 
normal thickness but shows nuclear abnormalities and koilocytes in the upper epithelial 
layers. 



High-Grade Squamous Intraepithelial Lesions (HGSIL) 

There is excellent evidence that most cases of HGSIL develop in the endocervical 
epithelium, either within the transformation zone or in the endocervical canal, as 
confirmed by mapping studies (see Fig. 11-12C,D). The HGSIL may be adjacent to LGSIL 
(Fig. 11-1 6 A) or occur in the absence of LGSIL, as a primary event (Fig. 11-16B). 

There are three principal histologic patterns of HGSIL. 




Borderline 

VA Suspect Ca in situ 
| Ca in Situ 



.... 




Second Third Fourth 
screening screening screening 
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Number of Women 



Figure 11-15 Results of several sequential annual cytologic screenings with 
histologic confirmation. The lesions are divided into three groups; borderline (consistent 
with mild to moderate [low-grade] dysplasia, or CIN I), suspicious (consistent with high- 
grade dysplasia, or CIN II), and carcinoma in situ (corresponding to CIN III). It may be noted 
that with the elimination of the more severe lesions the prevalence of the borderline lesions 
remains essentially unchanged year after year. (From Koss LG. Significance of dysplasia. 
Obstet Gynecol 13:873-888, 1970.) 



About 60 to 70% of these lesions mimic squamous metaplasia and are characterized by 
medium size cancer cells, about the size of metaplastic cells, showing enlarged, 
hyperchromatic nuclei throughout the epithelium of variable thickness that shows 
moderate to marked disturbance of layering (Fig. 11-16C). 
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In about 15 to 20% of cases, the neoplastic process is derived from the basal or reserve 
cells of the endocervical epithelium and results in lesions composed of crowded small 
cancer cells with scanty cytoplasm (Fig. 1 1 -16B.D). Adenocarcinomas of the 
endocervix probably share the same origins with high-grade lesions of this type (see 
Fig. 11-12E and Chapter 12). 

High-grade squamous lesions of metaplastic and small cell type frequently extend to 
endocervical glands (Fig. 11-16D). This extension should not be considered as 
evidence of invasion. In such lesions, human papillomavirus infection is usually occult 

and the documentation of the 
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presence of the virtual DNA requires hybridization or other molecular techniques. 




Figure 11-16 High-grade squamous intraepithelial lesions (HGSIL) of the uterine 
cervix. A Shows the presence of a low-grade lesion on the right and of a high-grade 
lesion on the left. The latter extends into the adjacent endocervical gland. B. HGSIL 
composed of medium-size cells in the endocervical canal. C. HGSIL mimicking squamous 
metaplasia of the endocervix. Note nuclear abnormality, mitotic figures and disorderly 
arrangement of cells. D. Small cell HGSIL extending into endocervical glands. 



The third, currently least frequent histologic pattern of HGSIL, is the high-grade lesion of 
squamous type, known as either keratinizing carcinoma in situ or keratinizing dysplasia 
that usually retains many morphologic features of the squamous epithelium of origin 
(Fig. 11-17A). These lesions develop in LGSIL that, for reasons unknown, progress to HGSIL. 
Such lesions are usually located on the outer portion of the cervix, may spread to the 
adjacent vagina, and may retain the features of the permissive human papillomavirus 
infection, such as koilocytosis. It is uncommon for these lesions to extend to the 
endocervical glands. 

All high-grade lesions, regardless of type, contain abundant mitoses at all levels of the 
epithelium, some of which are abnormal, such as the so-called tripolar mitoses (Fig. 11- 
17B). In some of these lesions, the malignant epithelium shows two sharply demarcated 
layers (Fig. 11-17C). Usually, the top layer is composed of larger, better differentiated cells 
than the bottom layer. The mechanism of this event is unknown. HGSIL may sometimes coat 
the endometrial surface (Fig. 11-17D). This is a very uncommon event, usually associated 
with invasive cancer elsewhere in the cervix. 

In histologic material, the different patterns of precursor lesions may be present on the 
same cervix side-by-side. The differences in the epithelium of origin and anatomic 
location of the intraepithelial lesions are reflected in histology and cytology of these 
lesions and may have considerable bearing on the interpretation and classification of biopsies 
and cervicovaginal smears. 

The prevalence of high-grade squamous lesions varies according to the population studied 
from 0.5% to 3% and, hence, is generally much lower than that of the low-grade lesions. 

Also, the high-grade lesions are usually observed in women who are somewhat older than 
those with low-grade lesions and younger than women with invasive carcinoma. The 

peak of prevalence falls between 25 and 40 years of age (Melamed et al, 1969). The age 
difference between women with high-grade lesions and those with invasive cancer has been 
variously estimated at 6.6 to 20 years. In other words, one can expect a latency period of 
several years until a precursor lesion becomes invasive, thus increasing the chance of its 
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Figure 11-17 High-grade squamous intraepithelial lesions (HGSIL). A Note the 
marked formation of keratin on the epithelial surface. B. High magnification view of HGSIL 
showing a tripolar mitotic figure. C. Two-layer arrangement of HGSIL. As is common in 
these lesions, the upper part is composed of larger, better differentiated cells than the 
lower part of the lesion. D. HGSIL coating the surface of endometrial cavity. Elsewhere, 
this tumor was invasive. 



Mapping Studies of Precursor Lesions 

Extensive mapping studies by Foote and Stewart (1948) (Figs. 11-18, 11-19, 11-20 and 11-21), 
Przybora and Plutowa (1959), Bangle (1963), Burghardt and Holzer (1972), and Burghardt 
(1973) confirmed that keratinizing squamous high-grade lesions are usually located on 
the outer surface of the cervix (corresponding to the location of the low-grade lesions), 
whereas the high-grade lesions of the endocervical (metaplastic) type, composed of 
cells of medium sizes, are located in the transformation zone and the endocervical 
canal. However, lesions composed of small cells are usually confined to the 
endocervical canal. The summary of these observations is shown in Figure 11-21. 

Behavior of Precursor Lesions 

Follow-up studies of precursor lesions, regardless of histologic type, have shown that the 
behavior of these lesions is unpredictable. Many of these lesions, particularly of the 
low-grade type, may vanish without treatment or after biopsies. Other precursor 
lesions may persist without major changes for many years and may undergo atrophy 
after the menopause, in keeping with the atrophy of normal epithelia of the female genital 
tract. On the other hand, invasive cancer may follow any type of precursor lesion, 
although it is much more likely to develop from high-grade lesions. However, 
epidemiologic data strongly suggest that invasive cancer is a relatively rare event, 
occurring in only approximately 10% of the intraepithelial precursor lesions (Koss et al, 

1963; Ostor, 1993; Herbert and Smith, 1999). An example of the behavior patterns of a 
precursor lesion is shown in Figure 11-22. Regardless of these considerations, because most 
invasive cancers are derived from high-grade lesion, it is the consensus among gynecologists 
that the high-grade lesions represent a clear and present danger to the patients and, therefore, 
should be treated. Prognostic factors under current investigation are discussed below. 

Behavior and Staging of Invasive Carcinoma 

Intraepithelial precursor lesions, regardless of degree of histologic or cytologic 
abnormality, do not endanger the life of the patient because they are not capable of 
producing metastases. The onset of danger is related to invasion, which occurs when the 
cancerous process breaks out of the epithelial confines through the basement 
membrane into the stroma of the uterine cervix. The biologic circumstances accounting for 
invasion are not clear and the many hypotheses are discussed in Chapter 7. 
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Figure 11-18 Distribution pattern of carcinomas in situ involving both portio 
vaginalis and endocervical canal. (From Foote FW Jr, Stewart FW. The anatomical 
distribution of intraepithelial epidermoid carcinomas of the cervix. Cancer 1:431-440, 
1948.) 
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Figure 11-19 Carcinoma in situ. ( Top) Distribution of carcinomas in situ limited to portio 
vaginalis. (Bottom) Distribution pattern of carcinomas in situ limited to endocervical canal. 
(From Foote FW Jr, Stewart FW. The anatomical distribution of intraepithelial epidermoid 
carcinomas of the cervix. Cancer 1:431-440, 1948.) 
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Figure 11-20 Four illustrations that demonstrate how visual examination can give faulty 
impressions of the distribution or even the presence of carcinoma in situ of the cervix. The 
actual extent of the lesions is shown in red in the line drawings. Two of the cervices have 
been painted with Lugol's solution. (From Foote FW Jr, Stewart FW. The anatomical 
distribution of intraepithelial epidermoid carcinomas of the cervix. Cancer 1:431-440, 
1948.) 



It has been known for many years that the prognosis of carcinoma of the uterine cervix depends 
on the stage of the disease. The current staging by the International Federation of 
Gynecologists (FIGO) is shown in Table 11-3. Stage I is subdivided into stage IA1 (no grossly 
visible tumor), stage IA2 (grossly visible and measurable tumor less than 1 cm in diameter) and 
stage IB, describing larger lesions confined to the cervix. 

Any cancer of the cervix that extends beyond the anatomic boundaries of the surface epithelium 
or the basement membrane of the endocervical glands must be considered invasive. 



553 / 3276 






Koss' Diagnostic Cytology & Its Histopatholoyiie Ba|£Hsri6ttsEi±rcinoma of the Uterine Cervix and Its Precursors 




::: Keratinizing Carcinoma in situ 

=== Small Cell Carcinoma in situ 
llllll Large Cell Carcinoma in situ 

Figure 11-21 The prevailing anatomic distribution of the three types of carcinoma 
in situ. 



TABLE 11-3 STAGING OF CARCINOMA OF THE UTERINE CERVIX 

Stage Intraepithelial precancerous lesions (dysplasia, cervical intraepithelial 

0 neoplasia, low- and high-grade squamous intraepithelial lesions, carcinoma 
in situ) 

Stage Carcinoma limited to cervix 

1 

Stage IA - Invasive carcinoma identified microscopically 
IA1 - Microinvasive carcinoma (invasion <3 mm) 

IA2 - Microinvasive carcinoma not larger than 7 mm horizontally and 5 

ie 

mm vertically 

Stage IB - Lesion larger than stage IA2 whether or not visible 

IB1 <4 cm 
IB2 >4 cm 

Stage Extension beyond the cervix (uterus, upper 2/3 of vagina, parametria) 

II 

IIA - no obvious parametrial involvement 
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MB - obvious parametrial involvement 

Stage Extension to pelvic wall or lower 1/3 of vagina 

III 

Stage IVA - extension to adjacent organs 

IV 

IVB - metastatic spread 



Measured from base of epithelium, either surface or glands. 
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Invasion of the cervical stroma occurs in stages. The earliest stage of invasion is defined as 

microinvasive carcinoma (stage IA), a lesion with invasion limited to 3 mm. Lesions 
with invasion greater than 3 mm must be considered as fully invasive cancer. The 

histologic and cytologic patterns of these lesions are discussed in Part 2 of this chapter. 

In actual practice, it is sometimes exceedingly difficult to determine the anatomic 
boundaries on which the diagnosis of early invasion is based. For example, the 
epithelium of the endocervical glands may be destroyed by cancer, leaving one quite helpless 
in deciding where the basement membrane of the glands is located. Precursor lesions occurring 
in squamous epithelium may produce “dips” surrounded by the basement membrane without 
actually invading the underlying stroma. Another difficulty may be due to inadequate sampling 
by biopsy and a precursor lesion may prove to be invasive in additional histologic material. 

Occasionally, the opposite is true: some distortion in the biopsy material may suggest invasion, 
whereas the surgical specimen will disclose only a precursor lesion. Studies of tenascin, a 
glycoprotein of the stroma of the uterine cervix, suggested an increased expression of this 
protein in microinvasive carcinoma (Iskaros and Koss 2000). In debatable cases, as a rule of 
thumb, in the absence of clear-cut invasion in ample diagnostic material, the lesion 
may be considered as a precursor lesion and treated accordingly. 

The histologic and cytologic features of fully invasive cancer of the cervix are discussed in Part 
2 of this chapter. Regardless of the histologic patterns and grade of invasive cancer, the 
clinical stage of the disease is the most important prognostic yardstick. In this respect, it 
must be noted that the errors in clinical staging may be considerable. Even with the availably 
of modern radiologic techniques, lymph node metastases may not be discovered prior to 
surgery. For example, among the 115 cases of Stage I cervix cancers, there were 19 cases 
(16.5%) with clinically unsuspected lymph node metastases (Sidhu et al, 1970). 

HISTOLOGIC AND CYTOLOGIC TERMINOLOGY OF PRECURSOR LESIONS 

Historical Overview 

During the first half of the 20th century, all incidentally discovered intraepithelial lesions were 
universally known as “carcinoma in situ” or equivalent name and were treated by 
hysterectomy. As a consequence of cytologic screening and the first population studies 
conducted in the 1950s in the United States, it was noted that the precursor lesions differed 
from invasive cancer in several respects. 

■ The precursor lesions occurred generally in women several years younger than those with 
invasive cancer. 

■ The rate of discovery of the precancerous lesions was much higher than the calculated risk 
of developing invasive carcinoma in the same population, suggesting that not all of the 
precancerous lesions progressed to invasive cancer within the lifetime of the patient. 

■ Untreated precursor lesions did not necessarily progress to invasive cancer within a period 
of months or years. 

■ Some of the precancerous lesions “disappeared” (i.e., they could no longer be found in the 
uteruses removed after a biopsy that showed a precancerous lesion). 

■ There were marked cytologic and histologic differences among the various precursor lesions 
with regard to the degree of abnormality and cell configuration. 

The Concept of “Dysplasia” 

These observations led to attempts to separate, on cytologic and histologic grounds, the 
intraepithelial lesions with good prognosis (i.e., those unlikely to progress to invasive cancer) 
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from “true” precursors of cancer of the uterine cervix, i.e., carcinoma in situ. This resulted in 
the introduction of the term “dysplasia,” first suggested by a pathologist, William Ober, to 
Papanicolaou who used this term, in a paper published in 1949, to discuss lesions with low 
malignant potential. As the first results of follow-up of precursor lesions became available, 

James Reagan et al reintroduced, in 1953, the term dysplasia or atypical hyperplasia to 
describe biopsy-documented precursor lesions with benign, or at least noninvasive, behavior. 

For purposes of comparison, Reagan selected carcinomas in situ made up of small cells. All 
carcinomas in situ were treated but the “atypical hyperplasias” were followed. The conclusions 
of this paper were carefully worded and reflected considerable diagnostic uncertainty. Although 
35 of 65 lesions classed as “dysplasia” or “atypical hyperplasia” disappeared, many after 
biopsies, the remaining lesions remained unchanged, and one progressed to invasive cancer. 
Subsequent writings by Reagan and his colleagues, notably Stanley Patten (1962), further 
emphasized the concept of dysplasia as a neoplastic intraepithelial lesion of uncertain 
prognosis, to be contrasted with carcinoma in situ, an obligate precursor of invasive 
cancer. Patten (1978) subdivided dysplasia into three types: keratinizing (pleomorphic), 
nonkeratinizing, and metaplastic, each category further subdivided into mild, moderate, 
and severe. 

The concept of dysplasia suggested that there are two categories of intraepithelial lesions 

in the uterine cervix: carcinoma in situ, an obligate precursor lesion of invasive cancer of the 
cervix, and dysplasia, an ill-defined but essentially “less malignant” abnormality. 

The diagnostic system dysplasia-carcinoma in situ was formalized in 1962 as “An 
International Agreement on Histological Terminology for the Lesions of the Uterine Cervix,” 
published in Acta Cytologies 6:235-236, 1962. The following definitions were offered: 

“ Carcinoma in Situ: Only those cases should be classified as carcinoma in situ which, in the 
absence of invasion, show as surface lining an epithelium in which, throughout its whole 
thickness, no differentiation takes place.” 

“Dysplasia: All other disturbances of differentiation of 
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the squamous epithelial lining of surface and glands are to be classified as dysplasia. They 
may be characterized as of high or low degree. . ..” 

Many observers, including the famous surgical pathologist, Arthur Purdy Stout (1957) and this 
writer (1978), objected to these definitions as entirely too narrow, particularly in reference to 
the claim that any lesion that showed surface differentiation was a “dysplasia” and not a 
carcinoma in situ and, therefore, was not capable of invasion. Nonetheless, the term 
“dysplasia” proved nearly irresistible to the practicing pathologists and gynecologists who 
embraced it with enthusiasm. The advantage of this term was quite apparent: for pathologists, 
the term was vague enough to lift the burden of establishing a diagnosis of a carcinoma in situ, 
then requiring immediate treatment, and for the gynecologists, it provided a choice of therapies 
ranging from “do nothing" to hysterectomy, with a number of intermediate procedures. In fact, 
as precursor lesions were being observed in organs other than the uterine cervix, the term 
dysplasia was also adopted to describe these lesions. 

It has been the assumption of many clinicians that the pathologists were able to 
distinguish among the various levels of dysplasia and separate these lesions from 
carcinoma in situ, and that this distinction was of prognostic value. This assumption is 
not accurate. Several diagnostic surveys documented lack of consistency among 
knowledgeable pathologists in the classification of precursor lesions of the cervix (Siegler, 

1956; Cocker et al, 1968; Seybolt and Johnson, 1971; Ismail et al, 1989, 1990; Robertson et al, 

1989). It has been recently proposed that typing for human papillomavirus (HPV) may 
serve as an aid to classification of precursor lesions (Sherman et al, 1994; Crum et al, 

1 997). Although the results of these studies, besides their cost, are not fully persuasive, the 
issue is not without merit and it is further discussed in Part 2 of this chapter. 

The Concept of Cervical Intraepithelial Neoplasia 

Follow-up studies by Richart and Barron (1969) confirmed the views previously expressed by 
Koss et al (1963) that, regardless of morphologic appearance, all precancerous intraepithelial 
abnormalities of the uterine cervix are capable of progression to invasive cancer, albeit with a 
low frequency for the better differentiated (low-grade) lesions and a higher frequency for poorly 
differentiated (high-grade) lesions. Richart suggested the name cervical intraepithelial 
neoplasia (CIN) for these lesions. In order to satisfy the requirements of cytologic and 
histologic reporting, Richart initially suggested that the lesions be graded from I to IV. Grade I 
corresponded to morphologically lesser lesions and grade IV to classic carcinomas in situ. 
Subsequently, the number of grades of CIN was reduced to three, and still more 
recently to two, “low-grade” and “high-grade” CIN in keeping with the Bethesda System of 
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Cytologic Nomenclature 
Papanicolaou's Classes 

The initial classification of cervicovaginal smears was proposed by Papanicolaou who 
formulated a series of guidelines of smear interpretation in five classes: 

Class I. Absence of atypical or abnormal cells. 

Class II. Atypical cytology but no evidence of malignancy. 

Class III. Cytology suggestive of, but not conclusive for, malignancy. 

Class IV. Cytology strongly suggestive of malignancy. 

Class V. Cytology conclusive for malignancy. 

The system of classes was generally well received and it is still in use in many laboratories in 
many countries, although the significance of “classes” was often modified to fit the 
requirements of the laboratories in their contacts with clinicians. Papanicolaou himself was not 
fully satisfied with the system, particularly with Classes II and III, because they offered little 
diagnostic flexibility. In the years 1952-1958, when this writer had the privilege of working with 
him, Papanicolaou used plus and minus signs, added to the class, to express more precisely his 
diagnostic opinion. For example, Class II +, or III- were used to define cervicovaginal smears. To 
my knowledge, Papanicolaou has never published these observations. 

The Bethesda System 

With the passage of time, it became apparent that the histologic and cytologic nomenclatures 
should be similar, if not identical, to facilitate the exchange of information among investigators 
and laboratories. Starting with the first edition of this book (1961), it was advocated that 
cytologic diagnosis should reflect, whenever possible, the histologic nature of the underlying 
lesions. In December 1 988, a committee of experts, convened under the auspices of the 
National Cancer Institute (United States) in Bethesda, Maryland, proposed a system of 
diagnostic guidelines for the interpretation of the cervicovaginal smears. 

The Bethesda System (modified in 2001 ) was officially accepted by the federal authorities in the 
United States in a series of rules governing the performance of the laboratories and 
incorporated in 1988 into the amendment to the Clinical Laboratory Improvement Act (CLIA 88), 
passed by the United States Congress (for the complete text of the Bethesda System, see 
Appendix at the end of Part 2 of this chapter). Several features of the Bethesda System will be 
discussed elsewhere in this book. The cytologic features of the precursor lesions of 
squamous carcinomas of the uterine cervix were divided into two groups: 

■ Low-grade squamous intraepithelial lesions (LGSIL), corresponding to histologic 
patterns in which the fundamental structure of the epithelium of origin (usually the squamous 
epithelium) is reasonably well preserved (see Fig. 11-14). LGSIL includes, under the same 
umbrella, lesions variously known as mild or slight dysplasia, fiat condylomas, CIN I, with or 
without features of condyloma. 
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■ High-grade squamous intraepithelial lesions (HGSIL), corresponding to histologic 
lesions in which the epithelium of origin is replaced by highly abnormal smaller cells. HGSIL 
includes lesions variously known as moderate and severe dysplasia and carcinoma in situ, 

CIN II. Ill (see Figs. 11-16 and 11-17). 



TABLE 11-4 COMPARATIVE CYTOLOGIC AND HISTOLOGIC NOMENCLATURE OF 
PRECURSOR LESIONS AND SQUAMOUS CARCINOMA OF THE UTERINE CERVIX 
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Reagan and 
Patten 



Mild 



Moderate and Cancer 



dysplasia 



severe 



dysplasia, 
carcinoma in 



situ 



Ri chart 
original 



CIN I 



CIN Hand III 



Cancer 



Ri chart 
modified 



CIN low CIN high grade Cancer 
grade 



AGUS is no longer recommended (see Part 2 of this chapter). 



This binary system of smear classification, which is consistent with the developments in 
histologic nomenclature, proved to be easier to use and is probably better reproducible than 
other diagnostic approaches. 

Table 11-4 summarizes the prevailing classification systems of precursor lesions of the uterine 
cervix. 

FOLLOW-UP STUDIES OF PRECURSOR LESIONS OF CARCINOMA OF THE 
UTERINE CERVIX 

Recent observations on the role of human papillomavirus in the genesis of cervical cancer, 
several of which were cited above, have led to a number of follow-up studies of untreated 
precursor lesions in the belief that HPV typing may provide a better guide to behavior of these 
lesions than morphologic assessment. Such studies, that may put the lives of patients into 
serious jeopardy, have been undertaken with limited, if any, regard of past experiences with 
these lesions. For this reason, a summary of “old” studies is provided for the interested reader. 
These studies, which were conducted without the “informed consent,” either because it was not 
required or because the investigator did not believe in the malignant potential of precursor 
lesions, could not be implemented today because of risk to patients. 

Earliest Studies 

The concept of carcinoma in situ as a precursor lesion of invasive cervical cancer received 
initial support from comparative histologic studies of patterns of invasive carcinoma and the 
surface alterations of the epithelium accompanying invasive cancer (Schauenstein, 1907). In 
fact, in suitable histologic material, the invasive component of superficially invasive carcinomas 
can always be traced to the surface epithelium which may vary in appearance and occasionally 
shows only trivial abnormalities rather than a high-grade precursor lesion. Additional support for 
the role of carcinoma in situ as a formative stage of cervical cancer was received from 
observations made prior to 1 952. Several dozen cases were published in which biopsies of the 
uterine cervix, obtained anywhere from 2 to 16 years prior to the occurrence of invasive 
carcinoma, showed patterns of carcinoma in situ (summary in Stoddard 1952). 

Prospective studies of precursor lesions of the uterine cervix carry with them substantial risk to 
the health of patients because of the danger of developing invasive carcinoma. Therefore, 
some of the most important data were accumulated during the 1950s and early 1960s before 
the threat to patients was fully understood. Thus, in the Abraham Flexner lecture of 1953, the 
well-known Swedish gynecological radiotherapist, Dr. Hans L. Kottmeier, said this about 
carcinoma in situ of the uterine cervix: “Many surgeons and gynecologists are of the opinion 
that patients having so-called carcinoma in situ should always be referred for treatment. This 
has not been proved.” In support of his doubt, Kottmeier presented a series of 59 patients with 
carcinoma in situ, followed at the Radiumhemmet in Stockholm without treatment. At the time of 
the Flexner lecture, only eight of these patients (13.5%) had developed invasive carcinoma 
after 2 to 10 years of observation. With the passage of time, Kottmeier was forced to change 
his mind. In a personal communication (to LGK), dated August 2, 1 968, he stated that, out of a 
group of 34 patients with untreated carcinoma in situ, followed for periods of 20 years or more 
25 (73%) developed invasive cancer of the cervix. Three patients developed invasive 
carcinoma within less than two years and possibly the lesion had been overlooked on initial 
examination. In the remaining 22 patients, invasive cancer was observed after a follow-up 
period varying from 5 to 21 years. 

Another classical series of observations was published by Petersen of Copenhagen (1955), 
who shared Kottmeier's 
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doubts as to the significance of intraepithelial precursor lesions. In a remarkable study 
stretching over a period of more than ten years, Petersen was able to follow, without major 
treatment 127 women whose cervical biopsies disclosed lesions classified into two groups, as 
“epithelial hyperplasia with nuclear abnormalities” and “borderline cases." Although the 
supporting photographic evidence is scanty, it appears that Petersen's group of “epithelial 
hyperplasia with nuclear abnormalities” represented low-grade lesions in which the features of 
cancer were not well developed; in the group designated by him as “borderline cases,” the 
lesions probably would have been classified today as a high-grade lesion (CIN III or carcinoma 
in situ). Yet, 34 patients (26.8%) from both groups, developed invasive cervix cancer with only a 
slight percentile preference for the more abnormal patterns. Petersen also documented that not 
all of the lesions progressed to carcinoma; at the end of three years of observation the 
abnormal epithelium apparently disappeared in 30 patients and remained stationary in 50 
patients, regardless of the initial biopsy findings. It is also worth emphasizing that Petersen did 
not consider superficial electrocautery leaving no visible scars, or application of silver nitrate to 
the cervix as treatment, although these procedures may have contributed to the regressions of 
some of the lesions. Petersen concluded the paper by stating that “the methods used 
(histological assessment of biopsies of the cervix) have not been able to distinguish 
‘genuine’ from ‘false’ precancerosis.” 

Another study from Copenhagen by Lange (1960), later updated by Sorenson et al (1964), gave 
similar results: 18 of 83 patients (22%) with “epithelial hyperplasia with nuclear abnormalities” 
(or low-grade lesions), and 6 of 17 (35%) “borderline cases” (or high-grade lesions), developed 
invasive carcinoma within five years. 

These initial studies provide ample evidence that some high-grade lesions, such as 
carcinomas in situ, but also lower grade precursor lesions, if untreated, will progress 
to invasive carcinoma of the uterine cervix in a substantial proportion of patients and 
that the risk to the patients increases with the passage of time. On the other hand, it 
became equally evident that some of these lesions will either regress without treatment 
or persist without changes. Because of poor histologic documentation, the older studies 
shed limited light on the prognostic value of various histologic patterns encountered in the 
precursor lesions. This led to the Memorial Hospital study, supervised by competent 
pathologists, which is summarized below. 
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Figure 11-22 Diagrammatic representation of follow-up of a 34-year-old patient with 
carcinoma in situ. The time that elapsed from the initial cytologic diagnosis until treatment 
by conization of the cervix was more than 5 years. The patient delivered two children 


vaginally while under observation 


Note the occasional cytologic negativity in spite of 


persistence of the lesion. Single arrow indicates the beginning of follow-up; double arrow 


indicates treatment. (Same case as in Fig. 


11-25.) (From Koss LG, et al. Some histological 


aspects of behavior of epidermoid carcinoma in situ and related lesions of the uterine 


cervix. Cancer 16:1160-1211, 1963.) 





Personal Observations on Behavior of Untreated Precursor Lesions 

In a prospective study of carcinoma in situ and related lesions conducted at the Memorial 



559 / 3276 



Koss' Diagnostic Cytology & Its Histopatholdtjlie Ba|£iasp6ttelB±rcinoma of the Uterine Cervix and Its Precursors 

Hospital for Cancer (now the Memorial-Sloan Kettering Cancer Center) between 1952 and 
1 963, 93 patients with precancerous lesions of the cervix were followed without treatment for 
periods ranging from seven months to eleven years (Koss et al, 1963). Afew patients with 
untreated lesions, observed prior to 1 952, were also included in the study. At the onset of the 
study, all patients were asymptomatic and of childbearing age. The lesions, detected by 
cytology, were classified into two groups according to the degree of histologic abnormality: 
the group of “carcinoma in situ,” comprising classical carcinomas in situ and lesions with 
various degrees of surface maturation that other observers could classify as moderate or 
severe dysplasia. The second group of “borderline lesions” comprised epithelial 
abnormalities that would be classified today as “low-grade.” The emphasis in the study was on 
a minimum of disturbance of the cervical lesions; therefore, cytology was used extensively as a 
method of follow-up after the initial diagnosis was established by biopsy. Additional biopsies 
were obtained only if there was a clinical or cytologic indication that the lesion was changing in 
character (Fig. 11-22). Douches and vaginal 
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tetracycline or trichotine (an antiparasitic agent) suppositories were used in some patients as 
the only interim treatment. If there was any clinical, histologic, or cytologic suspicion of a 
possible invasion, or if the lesion showed no signs of regression after several years of follow- 
up, the patients were treated by hysterectomy. 



TABLE 11-5 PATTERNS OF BEHAVIOR OF LESIONS OF CERVICAL EPITHELIUM 



Carcinoma in Borderline 

Situ Lesions Total 



Behavior 


No. 


% 


No. 


% 


No. 


% 


* 

Disappeared 


17 


25.4 


10 


38.5 


27 


29 


Persisted 


41 


61.2 


4 


15.4 






Progressed to carcinoma in situ 


0 




11 


42.3 






Progressed to questionable 


5 


7.5 


0 




66 


71 


invasion 








J 






Progressed to invasive 


4 


5.9 


1 


3.8 






carcinoma 














Total 


67 




26 




93 





See Table 11-6. 



(Koss LG, et al. Some histological aspects of behavior of epidermoid carcinoma in situ 
and related lesions of uterine cervix. A long-term prospective study. Cancer 16:1160- 
1211, 1963.) 



Sixty-seven patients with high-grade lesions and 26 patients with low-grade lesions were 
evaluated. The observations are summarized in Tables 11-5 and 11-6. 

High-Grade Lesions 

In spite of all the precautions outlined above, four of the patients with carcinoma in situ 
developed superficial but frank invasive cancer after 1 6 months to 4 'A years of follow-up. In an 
additional five patients, the possibility of microscopic invasion could not be ruled out in serial 
sections because the lesions produced “dips” into the stroma. The lesions remained relatively 
stationary in 41 patients for periods varying from one to ten years. Often, however, there were 
significant changes in the histologic appearance of the lesion. The changes were 
unpredictable and suggested either an increase or a decrease in the degree of abnormalities. 
Corresponding changes were noted in smears (Fig. 11-23). Seventeen of the 67 patients, or 
one quarter, showed total regression of the lesion, documented by a negative cytologic follow- 
up of at least three years' duration. Shorter follow-up proved unreliable and lesions were 
observed that “recurred” after an “absence” of two years. 
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TABLE 11-6 DISAPPEARING LESIONS 

Carcinoma in Situ Borderline Lesions 




Biopsy 


6 


7 


Terra mycin 


7 


2 


Trichotine 


2 


0 


Spontaneous 


2 


1 


Total 


17 


10 


(Koss LG, et al. Some histological aspects of behavior of epidermoid carcinoma in situ 
and related lesions of uterine cervix. A long-term prospective study. Cancer 16:1160- 
1211, 1963.) 



An analysis of the effects of the biopsies suggests that even a small biopsy may cause a 
regression of a focus of carcinoma in situ (Figs. 11-24 and 11-25). It is unlikely that the 
biopsies, per se, removed the entire lesion, particularly when it was present in two or more 
quadrants of the cervix. It appears more reasonable to assume that regenerating epithelium 
may dislodge and replace fragments of abnormal epithelium (Fig. 11 -26). It is also evident that 
new lesions may develop in adjacent, previously normal areas of the cervical 
epithelium, as shown in Figures 11-24 and 11-25. It is of note that, in some patients, the 
regression of the lesion occurred after treatment with vaginal suppositories of 
tetracycline and Trichotine, possibly because of a desquamative effect of these drugs on the 
cervical epithelium. 

Borderline or Low-Grade Lesions 

Of the 26 patients with a low-grade (borderline) lesion 11 developed a high-grade lesion 4 
remained stationary, and 10 lesions regressed, either spontaneously or following biopsies or 
vaginal suppositories. It was assumed that, because of their exposed position on the surface of 
the cervix, these lesions were generally easier to eradicate than carcinoma in situ. One patient, 
who refused therapy, developed an invasive cancer 13 years after biopsy (Fig. 11-27). 

It must be stressed that cytology was not always reliable as a tool of follow-up. As shown in 
Figure 11-22, negative smears were observed repeatedly throughout the follow-up period even 
though in some patients there was synchronous biopsy evidence that the lesion was present in 
the cervix epithelium at the time the smear was obtained. Thus, this study casts serious 
doubt on the reliability of the smears as a follow-up procedure. 
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Figure 11-23 Carcinoma in situ. Initial biopsy (A) and smear (B) of a carcinoma in situ. 
Note the anaplastic appearance of the lesion. C. Appearance of a cervix biopsy 2 years 
later. Note that there is less anaplasia and that the surface is much better differentiated. 
D,E. Appearance of the smear and of the surgical specimen obtained 414 years after the 
initial biopsy. The lesion was superficially invasive and yet better differentiated than the 
initial biopsy. This change was reflected in the smear. 
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Pt. C.M. 




Aug. July Jan. Sept. 

1954 1955 1956 1956 



Inv. ca 
in cone 

Figure 11-24 Diagrammatic representation of serial biopsies of the cervix obtained 
on a 39-year-old patient. By careful designation of the areas of the biopsy, it was possible 
to ascertain the effect of biopsies on carcinoma in situ. Each square represents a biopsied 
area; the black squares represent biopsies with carcinoma in situ. Note that the 12-o'clock 
area, which showed tumor on the initial biopsy, was “cured" 11 months later; at that time 
the tumor appeared in the 6-o’clock area. Six months later the tumor was present in the 3-, 
9-, and 12-o'clock areas but had disappeared from the 6-o'clock area. At the time of 
conization 9 months later, the tumor had regrown in all four quadrants of the cervix. 



These studies clearly established that, under uniform conditions of observation, the level 
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of histologic abnormality of the intraepithelial precancerous lesions may vary with the 
passage of time and is of limited prognostic value. Lesions classed either as high-grade or 
as low-grade, hence the entire histologic spectrum of lesions comprising the cervical 
intraepithelial neoplasia, disclosed a capricious and unpredictable behavior that was 
significantly influenced by minor diagnostic or therapeutic procedures. Sufficient 
numbers of these lesions, regardless of epithelial make-up, progressed to invasive carcinoma, 
confirming the potentially malignant nature of all precursor lesions. Of signal 
importance, in view of the current trends to consider low-grade lesions as innocuous, was the 
progression of these lesions to higher grade of intraepithelial abnormalities or, in a patient lost 
to follow-up for several years, to invasive cancer. 



Pt. E.B. 

Pregnant Pregnant 




May July April Cone 
1953 1955 1957 in-situ ca 



Figure 11-25 Diagram representing the shifting position of carcinoma in situ after 
biopsies. This patient was 34 years old at the time of the initial biopsy and succeeded in 
establishing a family while under observation (see diagram in Fig. 11-22). Note especially 
that the last biopsy obtained shortly before conization removed most of the tumor so that 
only a small area of carcinoma in situ was noted in the cone. There was no trace of cancer 
in the 6- and 9-o'dock areas of the cone as was observed in the first set of biopsies. 



Other Studies 

A confirmation of the conclusions of the personal studies summarized above was provided by 
Richart (1967) who followed, by cytology and colpomicroscopy, a group of 557 women with 
varying degrees of “dysplasia” for an average period of 36 months. Admission to the study was 
based on three consecutive abnormal smears; hence, these patients may have represented a 
select population of women at risk. The study was interrupted after three patients with “mild 
dysplasia” developed invasive carcinoma. Only 6% of the lesions disappeared spontaneously. 
In the remaining patients, the lesions either persisted without change or progressed to higher 
levels of dysplasia and, in 18 women, to carcinoma in situ. The patterns of cytologic or 
histologic abnormalities was of no prognostic value, even among the low-grade 
lesions (mild dysplasia), which led Richart to the conclusion that all of these lesions 
constitute a spectrum of abnormalities for which the term cervical intraepithelial 
neoplasia (CIN) was suggested (see above). 

Important evidence in the assessment of “dysplasia” and, hence, lesions with only slight or 
moderate abnormalities as a step in the genesis of carcinoma of the cervix, was provided by 
Stern and Neely (1963). In 94 cases of dysplasia, the rate of new carcinomas in situ was 106 
per 1 ,000 (as compared with the new population rate of 5.1/1 ,000), and the rate of invasive 
carcinoma was 11 per 1,000 (compared with the new population rate of 1.5/1,000). In a 
subsequent study (1964), these same authors observed that women with dysplasia had a 
1,600 times greater chance of developing carcinoma in situ and 100 times greater 
chance of developing invasive cancer than women without disease of the cervix 
epithelium. 

There are two much cited Swedish studies on mild and moderate dysplasia (Nasiell et ai, 1983, 
1986). In the 555 women with mild dysplasia, followed without treatment for up to 12 years 
(mean follow-up 39 months), 342 lesions (62%) regressed; 122 lesions (22%) persisted 
unchanged; 91 lesions (16%) progressed to severe dysplasia or carcinoma in situ; and 2 
progressed to invasive cancer. The 2 invasive cancers were observed in women who failed to 
appear for a follow-up examination (Nasiell et al, 1986). Biopsies, performed in 76 patients 
(14%), failed to influence the outcome. The regression was observed in 167 women for more 
than 1 year and in 1 75 women for less than 1 year. The behavior of the lesions was not age 
related. In a study of 894 women with moderate dysplasia, followed without treatment for up to 
12 years (mean 78 months) and reported in 1983 (Nasiell et al, 1983), the lesions disappeared 
in 483 patients (54%), persisted unchanged in 140 patients (16%), and progressed to 
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carcinoma in situ and beyond in 271 patients (30%). In the last group, 3 developed invasive 
cancer. In this group of patients, biopsies contributed to regression of the lesions. In patients 
age 51 or older, fewer lesions progressed and the time of progression was longer than in 
younger women. These authors observed long periods of negative cytology in many of the 
patients with persisting or progressing lesions. Nasiell et al (1983) estimated the risk of 
carcinoma in situ or invasive cancer for patients with mild dysplasia at 500 times and for 
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patients with moderate dysplasia at 2,000 times greater than for women without lesions. These 
studies are summarized in Figure 11-28. 





Figure 11-26 Schematic representation of a possible mechanism involved in 
eradication of areas of carcinoma in situ (in black). It is assumed that fragments of 
residual carcinoma in situ may be cast off during the inflammatory and reparative 
processes following biopsy. (From Koss LG, et al. Some histological aspects of behavior of 
epidermoid carcinoma in situ and related lesions of the uterine cervix. Cancer 16:1160- 
1211, 1963.) 



Anumber of other reports are summarized in Table 11-7. Varga (1966), reporting a follow-up 
study of 78 untreated patients with dysplasia, observed carcinoma in situ in 39 of them and 
invasive carcinoma in 1 1 . Thus, progression of “dysplasia” to an identifiable form of cancer was 
observed in 64% of patients, one of the highest figures reported. Villa Santa (1971) reported on 
two groups of patients with an initial diagnosis of “dysplasia” established on punch biopsies of 
the cervix. In a group of 297 patients in whom immediate conization of the cervix was 
performed, the tissue study revealed carcinoma in situ in 66 patients (22.2%), microinvasive 
carcinoma in 12 patients (4%), and fully invasive carcinoma in 7 patients (2.4%). There was an 
additional group of 63 patients in whom, for various reasons, conization was delayed for 
periods from 2 to 115 months. In this group 10 patients (15.8%) developed carcinoma in situ 
and 13 patients (20.6%) invasive carcinoma, 3 of which were microinvasive. 



564 / 3276 



Koss' Diagnostic Cytology & Its Histopatholoyiie Ba|£issp6ttelB±rcinoma of the Uterine Cervix and Its Precursors 




Figure 11-27 A borderline lesion of the cervix observed in a biopsy obtained in 
1946 because of “abnormal smear.” A Note the nuclear abnormalities and the very 
satisfactory epithelial stratification. This patient refused treatment and was seen elsewhere 
13 years later with a frank invasive carcinoma of the cervix ( B ). ( B : Courtesy of Dr. Harry 
Zimmerman, New York, NY.) 





Figure 11-28 Results of long-term follow-up without treatment and probability of 
progression of 894 patients with moderate dysplasia (A) and 555 patients with mild 
dysplasia (B) of the uterine cervix epithelium. In A the probability of progression of 
moderate dysplasia (CIN II) to CIN III or invasive carcinoma is approximately 30% for all 
patients and somewhat higher (about 35%) for the 410 patients observed without biopsies. 
In B, the probability of progression is only slightly less for the patients with mild dysplasia 
(CIN I). Apparently, cervix biopsies had no impact on this group of women. ( A Redrawn 
from Nasiell K, et al, 1983. B: Redrawn from Nasiell K, et al, 1986.) 



Gad (1976), in a small but important study, reported follow-up data on 13 patients with “severe 
dysplasia” and 17 patients with carcinoma in situ, not treated except for initial biopsy. Two of 
the 13 patients with severe dysplasia and 7 of the 17 patients with carcinoma in situ developed 
invasive cervical cancer, and 2 died of the disease. 

In a study of severe dysplasia (Westergaard and Norgaard, 1981), progression to carcinoma in 
situ and invasive carcinoma was observed in 57% of 49 patients who underwent biopsy but 
were otherwise untreated, whereas no recurrent disease was observed in 38 patients treated 
by conization. 

The results of a long-term follow-up study of a cohort of 2,279 patients with cytologic 
“dyskaryosis" and, hence, precursor lesions below the level of carcinoma in situ, were provided 
as a personal communication by David Boyes of Vancouver, British Columbia, Canada, where 



P.314 



565 / 3276 



Koss' Diagnostic Cytology & Its Histopatholdtjlie Ba|£issp6ttelB±rcinoma of the Uterine Cervix and Its Precursors 

one of the best cervix cancer prevention programs was instituted in 1950. Aspontaneous 
regression of the cytologic abnormalities was observed in 32% of patients. Among 1 ,550 
patients with persisting cytologic abnormalities, 44% developed carcinoma in situ, and 5% 
developed invasive carcinoma of the uterine cervix. 

Two other important studies were performed in the United Kingdom. In 1978, Kinlen and 
Spriggs could trace 52 British patients with abnormal smears who had neither a biopsy nor 
further treatment. After several years (mean 5.2 years), 19 patients were found to be free of 
lesions, 20 patients had some form of precancerous lesion (“dysplasia” or carcinoma in situ) on 
biopsy, 3 patients developed a microinvasive carcinoma, and 10 had fully invasive cancer. In a 
subsequent paper, Spriggs and Boddington (1980) reviewed the smears of 28 of these 
patients, 17 with regression and 11 with progression to invasive cancer. They supplemented 
this small series with 35 smears from untreated patients from the files of their laboratory, 25 of 
whom “regressed” and 10 of whom “progressed” to invasive cancer. The review of the 
cytologic material revealed that, in patients whose lesions regressed, the dominant smear 
pattern was that of low-grade lesions (mild dysplasia, CIN I). Of 36 women with smear patterns 
suggestive of high-grade lesions (CIN II, III), 15 regressed and 21 progressed to invasive 
cancer. The average rate of invasive cancer in the eligible patient groups listed in Table 11-7 
was 4.4%. 

Additional important data on the natural history of carcinoma in situ were the result of 
skepticism as to the true nature of this disorder in New Zealand (Green 1 969, 1 970; Green and 
Donovan, 1970). The results of 5 to 28 years follow-up of a cohort of 948 women with biopsy- 
documented carcinoma in situ, but no further treatment, were described by Mclndoe et al 
(1984). Agreat many of these women had a “cone biopsy" of the cervix either at the onset or 
during the follow-up period. The patients were divided into two groups; there were 817 patients 
with “normal” cytologic follow-up and 131 patients with continuing cytologic abnormalities. 

Twelve patients in the first group (1 .5%) and 29 patients in the second group (22%) developed 
invasive cancer either of the cervix or of vaginal vault. Thus, diagnostic conization did not 
prevent the development of invasive cancer. 

The unfortunate results of this study created a great deal of upheaval and led to the 
introduction of strict guidelines of cervix cancer detection and treatment in New Zealand 
(Jones, 1991). 

Ostor (1993) performed a meta-analysis based on a large number of follow-up papers and 
concluded that for CIN I, the cumulative rate of regression was 57%, rate of persistence 32%, 
rate of progression to CIN III was 11%, and to invasive cancer 1%. The figures for CIN II were: 
regression 43%, persistence 35%, progression to CIN III 22%, and to invasive cancer 5%. The 
figures for CIN III were: regression 32%, persistence 56%, and progression to invasive 
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cancer about 12%. Unfortunately, in this study, as in many other studies of precursor lesions, 
the precise diagnoses could not be verified. 



TABLE 11-7 EARLY STUDIES ON BEHAVIOR OF PRECURSOR LESIONS FOLLOWED WITHOUT TREATMENT 



Author/year 


Type of 
lesion 


No. of pts. 


Duration 

of 

follow- 

up 


Progression 
to high-grade 

Regression Persistence lesions 


Development 
of inv. ca 


Comments 


Varga 1966 


“Dysplasia" 


78 


Several 

yrs. 


39 (50%) 


11 (14.1%) 




Richart 1967 


“Mild 

dysplasia” 


557 


3 yrs. 


33 (6%) 


3 (0.5%) 


Study 

interrupted 



as 

dangerous 
to patients 

Fox 1968 Mild or 125 50(40%) 51(40%) 24(20%) 

Mod. 

Severe 15 0 6 9 

dysplasia 
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Hall and 
Walton 1968 


Mild or 
Mod. 


172 




88 (51%) 


56 (32.5%) 


28(16.5%) 








Severe 

dysplasia 


24 




5 19% 


11 (48%) 


8 (33%) 






Villa Santa 
1971 


“Dysplasia” 
on punch 
biopsy 


Immed. 

treatment 

297 


2-115 

months 






66 (22.2%) 


12 

microinvasive 
4 invasive 
(6.4%) 








Treatment 

delayed 

63 








10(15.8%) 


3 

microinvasive 
10 invasive 
(20.6%) 




Gad 1976 


Severe 

dysplasia 


13 


Variable 


9 


12 




2 (30%) 






Carcinoma 
in situ 


17 


Variable 








7(41.1%) 




Boyes 

1978* 


“Dyskar- 

yosis” 


2,279 


Variable 


729 (32%) 


737 

(32.3%) 


684 (30.0%) 


83 (3.6%) 


Closely 

surveyed 

population 


Kinlen and 
Spriggs 


“Dyskar- 

yosis” 


52 


Mean 

5.2 

years 


19(36.5%) 
mainly low 
grade 


20 (38.4%) 




3 

microinvasive 
10 invasive 
(25%) 




Westergaard 

Norgaard 

1981 


“Severe 

dysplasia” 


38 treated 
49 

untreated 


Mean 

47.6 

months 


16(32.7%) 




Microinvasive 
Ca included 
28 (57.1%) 







See text. 

t See text for detailed analysis, 
t Personal communication. 



Although there are some important numerical differences among the studies cited, they ail 
confirm the basic behavior patterns of the precursor lesions. Regardless of grade of 
abnormality, these lesions may regress, remain the same, or progress to invasive 
cancer. A diagrammatic summary of these events is shown in Figure 11-29. Although low-grade 
lesions are more likely to regress and less likely to progress to CIN III or invasive cancer than 
high-grade lesions, their presence puts the patients at a significant risk for future neoplastic 
events, including invasive cancer. These observations are particularly pertinent because of 
current recommendations that allow for conservative follow-up of low-grade lesions (Kurman et 
al, 1994). It still remains to be documented, by a long-term prospective study, whether the 
presence of high-risk human papillomavirus is the main factor accounting for the behavior of 
precancerous lesions, as has been advocated by some observers (see above). Conservative 
follow-up of precursor lesions, regardless of grade, should never be done unless the 
patient is fully and carefully informed about the risks and perils of this approach. 
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Squamous epithelium 
portion 




Transformation zone Endocervical canal 




Figure 11-29 Diagrammatic presentation of the sequence of events in 
carcinogenesis of the uterine cervix. The diagram indicates that as the disease 
“progresses,” adjacent segments of cervical epithelium become involved. Any one of the 
precancerous lesions may disappear (return to normal) or progress to invasive cancer. The 
latter event is more likely to occur with CIN II or III than with CIN I. CIN, cervical 
intraepithelial neoplasia. 



THE SEARCH FOR OBJECTIVE PROGNOSTIC PARAMETERS IN PRECURSOR 
LESIONS 

The unpredictable behavior of precursor lesions of cancer of the uterine cervix has led to a 
large number of studies to predict the future behavior of these lesions. 

Human Papillomavirus Typing 

This issue was discussed at length above in reference to human papillomavirus. Briefly, 
persistent infection with a high risk virus is considered a risk factor for high-grade intraepithelial 
lesion and, by implication, invasive cancer of the uterine cervix. The practical considerations of 
HPV typing will be discussed in Part 2 of this chapter. 

Immunochemistry 

Blood Group Antigens 

Davidsohn and Kovarik (1969), using a red cell adherence test, observed that the blood group 
isoantigens A B, H, present in the normal epithelia, cannot be detected in carcinomas of the 
uterine cervix. The loss of isoantigens was progressive from “dysplasia” to carcinoma in situ to 
invasive and metastatic carcinoma, as evidence of progressive tumor dedifferentiation. These 
results were confirmed by Bonfiglio and Feinberg (1976) but not by Lill et al (1976). Lindgren 
(1986), using monoclonal antibodies, observed a relationship of blood group antigen 
expression to 5 year survival and, hence, prognosis, which was better in the antigen- 
positive group than in the antigen-negative group. As the interest in the expression of blood 
group antigens waned, there have been no recent studies on the clinical value of this approach. 

Other Antigens 

With the use of cytochemical and histochemical techniques (see Chapter 45), a number of 
tumor markers and embryonic antigens were studied in cervical cancer and its precursors. 

Thus, the presence of carcinoembryonic antigen (CEA) and its distribution in tissue were 
studied, among others, by van Nagell et al (1982) and Bychkov et al (1983). The CEA was 
expressed by a large proportion of precancerous lesions and invasive epidermoid carcinomas 
and by all endocervical adenocarcinomas. Alpha-fetoprotein (AFP) expression was seen by 
Bychkov in only one case of a glassy carcinoma (see Chapter 12). Human chorionic 
gonadotropin (hCG) was not expressed by any of the precancerous lesions or carcinomas 
studied by Bychkov. Epithelial membrane antigen (EMA) is strongly expressed by abnormal 
squamous cells from precancerous lesions, as reported by Moncrieff et al (1984). 

Oncogenes 

Oncogene expression in invasive carcinoma was studied with an antibody to p21 ras 
oncogene product by Sagae et al (1989) and Hayashi et al (1991). The studies were of limited 
prognostic value. p53 mutation was observed as a late event in cervical cancer of no 
prognostic value (Bremer et al, 1995). The expression of p63 (a homologue of p53) was studied 
in a wide variety of cervical cancers (Wang et al, 2001 ). Nearly all squamous cell carcinomas 
were strongly positive for this protein, whereas adenocarcinomas and a subset of 
neuroendocrine carcinomas were negative. A number 
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of genes involved in apoptosis have been studied in cervical cancer precursors and in invasive 
cancer but the published data are contradictory and do not appear to be of prognostic value at 
this time. Studies of erB-2 expression had limited value (Hale et al, 1992). Epidermal growth 
factor expression was studied by several observers with debatable results (Berchuk et al, 

1990; Chapman et al, 1992). 

Loss of retinoblastoma (Rb) gene was a common event in small-cell carcinomas of 

cervix (Harrington et al, 1999). The finding did not correlate with type of HPV, even though the 
interaction of E7 protein of HPV16 with Rb gene has been repeatedly confirmed (Boyer et al, 
1996; Chetty et al, 1997). 

Further possibilities of molecular studies have been suggested by Chuakai et al (1999) who 
documented that mRNAof good quality can be extracted from cells in archival cervicovaginal 
smears. 

DNA Synthesis and Proliferation Indices 

Studies with tritiated thymidine, a labeled precursor of DNA, carried out by Moricard and Cartier 
(1964), pointed out that DNA synthesis in normal squamous epithelium is confined to the basal 
layer, whereas, in neoplastic epithelium, evidence of DNA synthesis may be found throughout 
the epithelial thickness. Similar studies conducted by Rubio and Lagerlof (1974) on various 
precursor lesions documented that low-grade lesions showed less DNA synthesis than classic 
carcinoma in situ. These observations were confirmed in more recent times by other 
techniques. Al-Saleh et al (1995) reported that the distribution of nuclear proliferation 
antigens, Ki-67, was confined to the basal layers in normal and metaplastic epithelium. In low- 
grade precursor lesions, the nuclear proliferation was also seen in intermediate epithelial 
layers, but some overlap occurred with squamous metaplasia. In high-grade precursor lesions, 
however, the antigen expression could be observed throughout the epithelial thickness. The 
density of Ki-67 expression was higher in lesions associated with intermediate- and high-risk 
HPVs than in lesions associated with the low-risk HPVs, types 6 and 11. Using the 
proliferating cell nuclear antigen (PCNA), Mittal et al (1993) reported similar results. 

Because HPV interferes with cell cycle (see above), Keating et al (2001 ) studied the expression 
of cell-cycle-associated proteins as surrogate biomarkers. Ki67, cyclin E, pi6^K4 were 
assessed by immunochemistry. The study had for its purpose a clarification of criteria for 
cervical lesions ranging from metaplasia to HGSIL because of diagnostic disagreements among 
the participating expert pathologists. Although predictably higher staining levels were 
associated with HGSIL than other lesions, several of the benign lesions also had weak 
expressions of these proteins. In spite of an enthusiastic endorsement of these costly and 
cumbersome techniques by the authors of this paper, their practical value requires further 
studies. 

Skylberg et al (2001 ) studied aberration of centrosomes in CIN lesions by immunofluorescence 
to tubulin, the enzyme necessary for formation of mitotic spindle. An increased number of 
centrosomes (predictive of abnormal mitoses) was observed in LGSIL, HGSIL, and invasive 
cancer when compared with normal epithelium. 

Predictably, mitotic counts also indicated that the frequency of mitoses is higher in high-grade 
than in low-grade lesions (Tanaka, 1986). Further, the presence of abnormal mitotic figures 
was common in lesions associated with HPV 16 (Crum et al, 1984). There is no evidence that 
these observations can be used for prognostic purposes. 

Telomerase expression was found to be universal in neoplastic lesions but confined to the 
basal layers in normal epithelium (Frost et al, 2000). 

Along similar lines, Williams et al (1998) used antibodies to proteins regulating DNA 

replication to recognize cancer cells in cervicovaginal smears. 

DNA Quantitation 

Early studies by Mellors et al (1952), Reid and Singh (1960), Atkin (1964), O. Caspersson 
(1964), Sandritter (1964), and others demonstrated, by microspectrophotometric methods, that 
many (but not all) cells derived from precursor lesions of carcinoma of the cervix show 
increased DNA content. Subsequently, other techniques, such as Feulgen cytophotometry and 
flow cytometry were used on histologic and cytologic material in the search for data of 
prognostic significance. The results of numerous studies were contradictory and failed to 
produce data of value (Brandao, 1969; Grundmann et al, 1961; Sacks et al, 1972). The likely 
reason for the inconsistency of the results was demonstrated by Fu et al (1981), who showed 
that precursor lesions could be either diploid, polyploid, or aneuploid. Fu postulated that the 
aneuploid lesions (regardless of grade) were more likely to persist or progress, but the 
significance of this observation has not been independently confirmed. Perhaps the most 
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significant of these studies was presented by Hanselaar et al (1988), who studied DNA 
distribution in carcinoma in situ (CIN III) with or without adjacent invasive cancer. In this carefully 
constructed retrospective study in 20 patients with CIN III, adjacent to invasive cancer, both 
lesions had an identical DNA pattern, suggesting that the two lesions were related. In 8 
patients, all younger than 35 years of age, both lesions were diploid. In 12 patients older than 
50, both lesions were polyploid in two cases or aneuploid in 1 0 cases. Of the 1 9 CIN III lesions 
without adjacent invasive cancer 2 were diploid, 7 polyploid, and 10 aneuploid. In personal 
unpublished studies of precancerous lesions, all CIN I, II, III lesions had at least some cells with 
hyperdiploid and hypertetraploid DNA values, regardless of the type of HPV present. The 
presence of HPV DNA in the nuclei of precursor lesions may have a major impact on 
these measurements, as documented by Chacho et al (1990). There is no adequate 
evidence that DNA ploidy measurements are of any value as a prognostic factor in 
precursor lesions and cancer of the uterine cervix. 

Cytogenetic Studies 

Integration of HPV DNAin some precursor lesions and in most invasive cancers of the uterine 
cervix has led to speculations about the impact of these events on the genome of the 
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affected cells, and specifically on chromosomal abnormalities (summary in Lazo, 1999). Yet, it 
has been shown many years ago by conventional cytogenetic techniques that such 
abnormalities may also occur in precursor lesions wherein HPV DNA is presumably not 
integrated into the host DNA. Spriggs et al (1962) were the first to demonstrate numerical 
chromosomal abnormalities and the presence of marker chromosomes in precursor lesions, 
observations confirmed by Boddington et al (1965), Spriggs et al (1971), Kirkland (1966, 1967), 

Jones et al (1968), and Granberg (1971). In general, these workers suggested that the level of 
abnormalities increased with the degree of morphologic abnormalities. Boddington et al (1965) 
stated that “extensive chromosome rearrangement takes place in precancerous epithelium, 
often for years before the onset of (invasive) carcinoma.” Invasive cervical cancers fell into two 
groups: those with normal or nearly normal chromosomal component (diploid range tumors) 
and aneuploid tumors with increased number of chromosomes; the latter fell into the triploid- 
tetraploid group and tetraploid group (Wakonig-Vartaaja et al, 1965, 1971; Atkin and Baker, 

1982, 1984; Atkin, 1984). It is clear that the tumors in the diploid range are not necessarily free 
of subtle chromosomal abnormalities that cannot be captured by the techniques used to date. 

Meisner (1996) used fluorescent in situ hybridization (FISH) technique for chromosomes 11 and 
X. Cells with an elevated number of signals (3 or higher) were observed more often in HGSIL 
than in LGSIL. 

Recent studies, using the technique of comparative genomic hybridization (CGH), 
disclosed high levels of genomic instability and one characteristic finding, a gain in the short 
arm of chromosome 3 as one of the landmarks of invasive carcinoma of the uterine cervix. 

This change was observed in tumors with and without documented presence of high-risk HPV 
DNA(Heselmeyer et al, 1996, 1997). Hidalgo et al (2000) correlated the presence of human 
papillomavirus type 18 with chromosomal abnormalities in 12 microdissected invasive 
carcinoma and 12 cell lines. Deletion of the short arm of chromosome 3 and gain in the long 
arm of the same chromosome were observed in invasive cancer. These findings were at 
variance with Helsemeyer's work but were confirmed by Guo et al (2001 ), who reported a 
deletion of chromosome 3p as the most common lesion in cervical cancer. Using the CGH 
technique on cells isolated from cervicovaginal smears by microdissection, Aubele et al (1998) 
documented the presence of abnormalities affecting from 6 to 9 different chromosomes in 
various forms of dysplasia. It remains to be seen whether these data are of practical value. 

Dellas et al (1999) studied invasive cervical carcinomas stage IB by CGH. Deletion of the short 
arm of chromosome 9 (-9p) was associated in a statistically significant fashion with lymph node 
metastases. Losses of the short arm of chromosome 1 (-lip) and of the long arm of 
chromosome 18 (-8q) were associated with poor prognosis in the absence of metastases. This 
study, if confirmed, may prove to be of clinical value. 

Some of the more conventional cytogenetic observations were of diagnostic significance: My 
co-workers, Forni and Miles (1966), demonstrated large size and increase in number of 
sex chromatin in abnormal cells exfoliating from precursor lesions. These findings were 
confirmed by Naujoks (1969) and Nishiya et al (1981 ), who correlated the increase in the 
number of sex chromatin bodies with increased DNA ploidy. Uyeda et al (1966) and Atkin and 
Brandao (1968) observed, in smears and tissues of precursor lesions, unusually shaped 
nuclei with protrusions associated with very long marker chromosomes. A similar 
observation was made by Brandao (1987) in koilocytosis. 

Clonality Analysis 

It is generally assumed that normal tissues are polyclonal (i.e., express paternal and maternal 

570 / 3276 



Koss' Diagnostic Cytology & Its Histopatholdtjlie Ba|£issp6ttelB±rcinoma of the Uterine Cervix and Its Precursors 



chromosomes), whereas cancers are derived from a single transformed cell and are, therefore, 
monoclonal, expressing only one set of genes. For the uterine cervix, it has been documented, 
by a variety of approaches, that most LGSIL lesions are polyclonal, whereas HGSIL, invasive 
cancer are, for the most part, monoclonal (Enomoto et al, 1994; Park et al, 1996; Choi et al, 
1997; Guo et al, 1998). El Hamidi et al (2003) microdissected abnormal cells from archival 
cervicovaginal smears and correlated clonality with behavior. Monoclonal pattern was observed 
in all CIN III lesions and most CIN II lesions. Some CIN II lesions and all CIN I lesions were 
polyclonal. All patients with monoclonal pattern (and high-risk HPV) had recurrences despite 
treatment. 

It is obvious, at the time of this writing (2004), that the search for prognostic parameters will 
continue and may ultimately provide us with reliable tools of clinical value. 

CYTOLOGIC PATTERNS AND HISTOLOGIC CORRELATION 

Some years after the introduction of cervicovaginal cytology, it became evident that 
morphologic features of neoplastic cells in smears could be correlated, not only with invasive 
cancer, but also with precursor lesions of various types, grades, and clinical significance. 

These observations led to a much better understanding of natural history of carcinoma of the 
uterine cervix, narrated in Part 1 of this chapter. The differences among cells derived from 
invasive cancer and from various precursor lesions are sometimes subtle but recognizable and 
applicable to the practice of cervical cytopathology. As discussed at length in Chapter 7, 
cancer cells can be recognized by their marked nuclear abnormalities and classified 
according to their cytoplasmic features. The recognition of precursor lesions was based 
on the concept of dyskaryosis (from Greek, dys = abnormal and karion = nucleus) introduced 
by Papanicolaou (1949). Dyskaryotic cells differ from cancer cells by their well- 
differentiated, mature cytoplasm and lesser, although variable, levels of nuclear 
abnormalities. Because dyskaryotic cells were often associated with tissue lesions classified 
as “dysplasia,” the term “dysplastic cells” is now in current usage in the United States. In the 
United Kingdom, however, the term “dyskaryosis,” classified as to degree of abnormality, is the 
official form of cytologic diagnosis of cervicovaginal 



samples. In this text, the two terms are synonymous and are used side-by-side. 

The cells seen In cervical samples originate from the surface of the epithelial lesion. If 

the epithelial surface is composed of large, mature, albeit abnormal squamous cells, the 
cervical sample will contain mainly superficial or intermediate squamous cells with various 
levels of nuclear abnormalities. Quite often, the abnormal nuclear features of such cells can be 
better appreciated in the cell samples than in corresponding histologic sections. If the epithelial 
surface is composed of less mature, smaller cells, this will also be reflected in the cervical 
sample. Although, in most cervical smears and corresponding liquid preparations, the neoplastic 
abnormalities are reasonably well characterized and readily recognized, there are many 
diagnostic pitfalls that are discussed at length in this chapter. The endless variety of abnormal 
cytologic patterns that may be encountered is sometimes a humbling experience in terms of the 
observer's ability to deliver at all times a precise and final diagnostic statement on a cytologic 
sample. 

The introduction of liquid methods of cell collection and processing has not rendered the 
recognition and interpretation of cell abnormalities any easier than the traditional direct smears. 
Testing for human papillomavirus (see Part 1 and the closing pages of this chapter) has not 
rendered cervicovaginal cytology obsolete. 
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Figure 11-30 Karyomegaly and dysplastic/dyskaryotic intermediate and parabasal 
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squamous cells. A Karyomegaly in intermediate squamous cells with large, somewhat 
hyperchromatic nuclei. B. Karyomegaly in large parabasal cells. C. Dysplastic 
(dyskeratotic) intermediate squamous cells. Note greater nuclear hyperchromasia when 
compared with A D. Dysplastic (dyskeratotic) large parabasal cells. Note irregular nuclear 
contour. 



CLASSIFICATION AND MORPHOLOGIC FEATURES OF NEOPLASTIC CELLS 
IN CERVICOVAGINAL SMEARS 

For didactic purposes, the cell changes in cervicovaginal material may be classified into three 
categories with increasing degree of abnormality: 

■ Karyomegaly: nuclear enlargement in otherwise normal-appearing cells 

■ Dysplastic (dyskaryotic) cells: slight to marked nuclear abnormalities in well-differentiated 
cells, easily classified as either squamous or glandular 

■ Cancer cells: marked abnormalities of the nucleus and the cytoplasm 

This subdivision is artificial inasmuch as these categories of abnormalities frequently overlap 
and because individual cells may defy this classification. 

Nuclear Enlargement, or Karyomegaly, a Component of ASC-US 
The term karyomegaly (from Greek, karyon = nucleus and megalos = large) was proposed by 
Papanicolaou (1949) to describe enlargement of nuclei occurring in superficial, 
intermediate, or large parabasal squamous with morphologically normal cytoplasm, 

resulting in a somewhat increased 
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nucleocytoplasmic ratio. The cytoplasm of the affected cells may show normal folding or 
cytolysis during the second half of the menstrual cycle (see Chapter 8). Karyomegaly 
occurring in small parabasal squamous cells Is usually accompanied by more 
pronounced nuclear abnormalities. In the 2001 Bethesda System, karyomegaly is 
included in the category of atypical squamous cells of unknown significance or ASC- 
US. 




Figure 11-31 Koilocytes and pseudokoilocytes. A Large squamous cell with the 
characteristic features of koilocytes, that is enlarged hyperchromatic nucleus and large, 
sharply demarcated perinuclear clear zone. B. Koilocyte from a liquid preparation 
(ThinPrep). C. Acluster of smaller koilocytes from another liquid preparation (SurePath). D. 
Squamous cells with cytoplasmic clearing but without nuclear abnormalities or sharply 
demarcated halos. These cells should not be mistaken for koilocytes. 



Karyomegaly and similar abnormalities of endocervical cells are classified in the 2001 
Bethesda System as “atypia of glandular cells of unknown significance” (previous AGUS), 
are discussed further on in this chapter and in Chapter 12. I have never been persuaded that 
karyomegaly may be observed in endometrial cells (see Chapter 13). 

In karyomegaly of squamous cells, the enlarged nuclei are of normal, spherical shape 
with smooth nuclear membranes. The nuclei may be transparent, but are more often 
opaque or somewhat hyperchromatic (Fig. 11-30A.B). Karyomegaly with significant nuclear 
hyperchromasia blends with cell changes observed in dysplastic (dyskaryotic) cells (see below). 
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Karyomegaly represents an abnormality of the nuclear structure. It has been proposed that 
karyomegaly represents the earliest, but reversible, nuclear change in human 
papillomavirus (HPV) infection (Staler 2003). The presence of HPV in the nuclei of 
karyomegalic cells may be documented by in situ hybridization. 

Kurman and Solomon (1994) suggested that nuclei enlarged “two and a half to three times 
” above the size of normal nuclei of intermediate squamous cells may qualify as karyomegaly or 
ASC-US. This definition should not be taken as an absolute requirement because, in routine 
work, the sizes of the nuclei are not measured. Still, only conspicuous nuclear enlargement 
may qualify as karyomegaly. The increase in nuclear sizes is best verified by comparing the 
nuclear size of an atypical cell with the nuclear size of adjacent normal cells. The term 
karyomegaly should be limited by the number of such cells in the preparation. In our 
experience, a preparation containing more than 6 to 8 karyomegalic superficial or intermediate 
squamous cells should be classified as low-grade squamous intraepithelial neoplasia 
(LGSIL). The diagnosis of a neoplastic lesion is easier if karyomegaly is observed in the 
company of other abnormal cells, notably dysplastic (dyskaryotic) cells, particularly 
koilocytes (see below). 

Karyomegaly must be differentiated from slight nuclear enlargement occurring in 
inflammatory and regenerative processes, described in Chapter 10. If slight nuclear 
enlargement affects a large proportion of squamous cells in a smear, it is unlikely to be 
neoplastic and may be caused by technical problems in smear preparation or fixation, 
early menopause, or effects of therapy, such as radiotherapy. 
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Figure 11-32 Dysplastic (dyskaryotic) parabasal squamous cells. A Cohesive cell 
cluster mimicking metaplastic cells, except for nuclear enlargement, hyperchromasia, and 
irregular contours. One cell is columnar in shape. B. Loosely structured cluster with similar 
nuclear features and eosinophilic cytoplasm. C. Cluster of similar cells in ThinPrep. Note 
loss of detail in the large, hyperchromatic nuclei. D. Oil immersion view of nuclei of 
parabasal dysplastic cells to document coarse granulation of chromatin, irregular nuclear 


shapes, and a nuclear “crease.” 





Diagnostic Significance of Karyomegaly 

In the past, the term atypia was often used to describe karyomegaly limited to a few cells. This 
term has been replaced in the 2001 Bethesda System by ASC-US. The outcome of ASC-US or 
karyomegaly is variable. In most cases, the abnormality is transient and will not be found in 
subsequent smears. Personal experience suggests, however, that patients with “atypia” or 
karyomegaly are at an increased risk for future neoplastic events (see also discussion of 
atypical smears later in this chapter). In some cases, colposcopy and biopsy will disclose a low- 
grade squamous intraepithelial lesion (LGSIL) but sometimes even a high-grade squamous 
neoplastic lesion (HGSIL) or, in rare cases, invasive cancer, as will be documented below. 

Testing for human papillomavirus to triage patients with ASC-US is described in the 
closing pages of this chapter. Briefly, the test has a high negative predictive value. Patients 
testing negative for the virus are not likely to develop neoplastic lesions but the fate of patients 
testing positive is much less secure. 

Dysplastic (Dyskaryotic) Cells 

Regardless of size, such cells, observed mainly in precursor lesions of squamous 
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carcinoma of the uterine cervix, are characterized by enlargement and other nuclear 
abnormalities, occurring in otherwise well differentiated squamous and endocervical 
cells (Figs. 11-30C.D, 11-31, 11-32, 11-33, 11-34, 11-35 and 11-36). 

The nuclear enlargement within cells with a relatively normal cytoplasm results in an 
increased nucleocytoplasmic (NIC) ratio; this change is more readily observed in larger, 
rather than smaller cells. In some cells, the nuclear enlargement is identical to that 
observed in karyomegaly (see Fig. 11-30C.D). 

Other nuclear abnormalities pertain to nuclear staining, texture, and configuration. The 
intensity of nuclear staining may vary from relatively slight hyperchromasia to markedly 
hyperchromatic nuclei. The nuclei may be dark and homogenous (see Fig. 11-32AB) or 
show an abnormal chromatin texture in the form of coarse clumping of chromatin, 
commonly associated with a thickening of the nuclear membrane and nuclear creases or 
folds (see Fig. 11-32D). The nuclei also display an irregular contour in the form of small 
indentations, notches or spikes, visible under the high power of the microscope (see 
Fig. 11-30D). Irregularly shaped nuclei with finger-like projections (presumably caused by 
long marker chromosomes) may occur (Atkin and Brandao, 1968). Nuclear break-up or 
apoptosis is common (Fig. 11-33A). 
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Enlarged and multiple, sometimes irregular, nucleoli may be observed, usually in cells 
of endocervical ratherthan squamous origin (see Fig. 11-34D). Multinucleated 
dysplastic (dyskaryotic) cells occur from time to time (Fig. 11-36C). The nuclei in such 
cells are usually hyperchromatic but relatively small. 




Figure 11-33 Parabasal dysplastic (dyskaryotic) squamous cells. A Loosely 
structured cluster of parabasal cells with abnormal nuclei. The cytoplasm is either 
basophilic or eosinophilic, the latter suggestive of squamous lineage. In the center, a cell 
with apoptotic nucleus (arrow). B. Acluster of similar cells in SurePath. C, D. Thick 
clusters of abnormal parabasal cells in a direct smear (C) and in a ThinPrep (D). The 
nuclear detail is sharper in C. Such clusters are sometimes referred to as “syncytia,” an 
inaccurate term (see text). 



The presence of two or more inactivated X chromosomes (sex chromatin or Barr bodies), in 
the form of approximately triangular dense fragments of chromatin attached to the nuclear 
membrane, may be occasionally noted under the high power of the microscope (see Fig. 11- 
36D). This finding is of diagnostic value as it indicates an abnormal chromosomal 
component and is therefore almost unequivocal evidence of a neoplastic change (Forni 
and Miles, 1966; Nishiya et al, 1981). Barr bodies are difficult to identify in cells with coarsely 
clumped chromatin. For further discussion of Barr bodies, see Chapters 4, 8, 9, and 29. 

In some dysplastic (dyskaryotic) cells, the nuclei show the characteristic abnormalities of 
nuclear contour and the presence of nucleoli, but hyperchromasia may be absent (see Fig. 
11-34D). The term pale dyskaryosis describing this phenomenon is found in the British 
literature (summaries in Smith and Turnbull, 1997; Coleman and Evans, 1999). 

Nature of Nuclear Abnormalities 

The nuclear abnormalities in dysplastic (dyskaryotic) cells are similar to those occurring in 
cancer cells, though less pronounced. The possible role of E6 and E7 human 
papillomavirus genes in generating such changes was discussed in Part 1 of the chapter 
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and was recently summarized by Stoler (2003). It is, therefore, interesting to note that similar 
nuclear abnormalities occur in precancerous lesions and cancer of organs other than 
the uterine cervix, where the role of the virus remains enigmatic or unproved. Further, 
similar changes can be observed in cervical smears and tissues of mice treated with 
methylcholanthrene, a known carcinogenic agent (von Haam and Scarpelli, 1955). The 
mitotic inhibitor, podophyllin, applied to the human cervix prior to hysterectomy, results in 
somewhat similar abnormalities (Saphir et al, 1959; Kaminetzky and McGrew, 1961). As early as 
1958, I observed cytologic abnormalities, similar to dyskaryosis, in patients treated with 
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cytotoxic chemotherapeutic agents (for further discussion of this topic, see Chapter 18). 




Figure 11-34 Cells from a small-cell carcinoma in situ (CIN III). A An overview of a 
smear showing multiple clusters of small cancer cells, which may be readily overlooked on 
screening. B,C. Examples of tiny cancer cells, some showing coarse chromatin pattern and 
cytoplasmic vacuolization. D. Acluster of small cancer cells with pale nuclei and visible 
nucleoli (so-called pale dyskaryosis). 



These data strongly suggest that dyskaryosis represents a major upheaval of the nuclear 
chromatin and DNA which is either transient, perhaps because the affected cells die out, or 
may be the precursor of important neoplastic lesions that, in some cases, may lead to invasive 
cancer. Much additional research will be required to explain the nature and the unpredictable 
behavior of these cell abnormalities. 

Classification 

The squamous dysplastic cells may be classified as superficial, intermediate (usually 
combined in the same category), parabasal, and small parabasal or basal. This 
classification has diagnostic significance. The most common and important variant of 
intermediate dysplastic squamous cells is koilocytosis. 

Koilocytes 

As defined by Koss and Durfee in 1956, koilocytes are mature squamous cells, usually of 
the intermediate type, characterized by abnormal, enlarged and hyperchromatic, 
single, double or, rarely, multiple nuclei surrounded by large, sharply demarcated 
perinuclear clear zones or halos. The nuclei are usually smudged and homogeneous 
(see Fig. 11-31 AB). The clear zones are sharply demarcated at their periphery and are 
surrounded by a residual rim of the cytoplasm. Koilocytes may be larger than normal 
superficial squamous cells and may occur singly or in clusters, the latter particularly well 
seen in some types of liquid preparations (see Fig. 11-31C). The presence of nuclear 
abnormalities, regardless how slight, is essential for the recognition of koilocytes. 

The koilocytes are pathognomonic of a permissive human papillomavirus (HPV) 
infection. In the nuclei of such cells, mature virions can be documented by electron microscopy 
(see Fig. 11 -6), by reaction with broad-spectrum antibody to viral capsular proteins (see Fig. 11- 
9), and by in situ hybridization with DNAprobes to viral DNA(see Fig. 11-10). Koilocytosis is 
not HPV-type dependent, as it may be caused by any type of HPV virus, whether “low-,” or 
“high-” risk (see Part 1 of the chapter). Other minor cell changes, sometimes attributed to HPV 
infection, such as pseudoparakeratosis or karyorrhexis, are not reliable as evidence of viral 
presence (Tanaka et al, 1993). 

Koilocytes are dead cells, victims of HPV infection. The perinuclear “cavity” represents a zone 
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of cytoplasmic necrosis, which is demarcated at the periphery by an accumulation of residual 
cytoplasmic fibrils (see Fig. 11-6). Recher (1984), using scanning electron microscopy, 
confirmed that 
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the “halo" portion of koilocytes was depressed, indicating a collapse of the cytoplasmic 
filaments. 




Figure 11-35 Dysplastic (dyskaryotic) squamous cells derived from the 
endocervical canal. A Acluster of very small cancer cells with vacuolated cytoplasm, 
distended by mucus. This feature is characteristic of small-cell carcinomas derived from the 
endocervical canal, shown in B. C. Dysplastic endocervical cells. Note the columnar 
configuration and enlarged, hyperchromatic nuclei. D. Endocervical gland with atypical 
lining adjacent to a high-grade squamous intraepithelial lesion (HSIL). 



The nature of the nuclear abnormalities in koilocytes has not been conclusively settled. 

Lucia et al (1984) and Chacho et al (1990) reported that, in contrast to normal squamous cells, 
some of the nuclear DNAin koilocytes is not digestible by deoxyribonuclease (DNase, type I). In 
fact, Lucia et al suggested that this nuclear feature is, per se, diagnostic of HPV infection, as 
previously suggested by Williams (1961 ). These observations suggest that the nuclear 
abnormalities in koilocytes may, in part, be caused by the presence of viral DNA, and 
in part, by repackaging of cellular DNA caused by viral infection. Thus, measuring the 
DNA content in koilocytes and other cells infected with HPV, either by image analysis using 
Feulgen stain or by flow cytometry, is most likely inaccurate. It is unknown why some of the 
koilocytes are larger than normal squamous cells of similar type. 

Koilocytes must be differentiated from inflammatory cell changes, such as seen in 
infection with Trichomonas vaginalis and occasionally other organisms, which may cause 
slight nuclear abnormalities and narrow perinuclear clear zones (see Fig. 1 0-16). 

Occasionally, intermediate squamous cells, without obvious nuclear abnormalities, may 
display large perinuclear clear zones, similar to those seen in koilocytosis, but not as 
sharply demarcated at their periphery (see Fig. 11 -31 D). Such cells may be difficult to classify 
and are sometimes considered as “atypias of squamous cells of unknown significance” (ASC- 
US). In my experience, such cytoplasmic “atypias” have limited clinical significance and usually 
disappear spontaneously. An artifact mimicking koilocytes has been reported in ThinPrep 
preparations from women receiving oral contraceptives (Morrison et al, 2000). These authors 
attributed the change to pressure induced alteration of glycogen. 

Diagnostic Significance. Koilocytes are seen predominantly in low-grade squamous 
intraepithelial lesions (LGSIL) with features of HPV infection. However, such cells may also be 
observed in some high-grade squamous lesions (HGSILs) and even in invasive 
squamous cancers, as documented below. 

Superficial and Intermediate Dysplastic (Dyskaryotic) Squamous Cells 

These cells originate in the squamous epithelium of the cervix and vagina. They differ from 

koilocytes by the absence of the perinuclear “cavitation” but share with them 
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their size which is equal to, or occasionally larger than, their normal counterparts (see Fig. 11- 
30C). The homogeneous cytoplasm is usually thin and transparent but may be opaque, 
eosinophilic, or basophilic. In some women of childbearing age, the cytoplasm of the 
intermediate cells may follow cyclic changes. The nuclei are, by definition, enlarged and 
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may show variable degrees of abnormality, ranging from hyperchromasia to more 
complex abnormalities described above. 
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Figure 11-36 Trapping of cancer cells in streaks of endocervical mucus. A B. 
Smear containing numerous cancer cells obtained by a scraper. Note the sheets of 
malignant cells. C. Multinucleated dysplastic (dyskaryotic) cells. Note the large size of 
hyperchromatic nuclei. D. Triple sex chromatin bodies (Barr bodies) in a high-grade 
cervical intraepithelial neoplasia shown under high magnification (arrows). 



Parabasal Dysplastic (Dyskaryotic) Cells 

These smaller squamous cells may be derived either from the surface of lesions of 
squamous epithelium or from lesions mimicking squamous metaplasia, located in the 
endocervical canal. The cells vary in diameter from 20 to 12 pm in size and may closely 
resemble normal parabasal or metaplastic squamous cells by their configuration and the 
staining qualities of their relatively scanty, basophilic or eosinophilic cytoplasm (see Fig. 11- 
32). Although the basophilic cytoplasm of such cells may appear to be perfectly normal, some 
abnormalities of configuration, in the form of irregular cell contour or molding of the 
cytoplasm of adjacent cells, may be observed (see Fig. 11-32A). The cells with eosinophilic 
cytoplasm resemble small squamous cancer cells (see Fig. 11-32B). 

The enlarged, usually hyperchromatic nuclei of these cells show the classical marked 
abnormalities of nuclear size, shape, and configuration, as described above. It warrants 
repeating that in some cells of this type, the chromatin may be pale and the recognition is 
based mainly on abnormalities of chromatin configuration, nuclear shape, and the 
presence of nucleoli (pale dyskaryosis) (see Fig. 11-34D). 

The parabasal dyskaryotic cells, particularly of smaller sizes, may appear singly or in sheets 
and tight clusters (see Figs. 11-32 and 11-33). In direct cervical smears, such cells may be 
trapped in the endocervical mucus and form strings or files that are extremely characteristic 
(see Fig. 11-36A.B). This relationship is lost in specimens collected in liquid media. In 
tight clusters, sometimes referred to as “syncytia,” the identity of the cells may be difficult to 
recognize (see Fig. 11-33C.D). The term syncytia is catchy but faulty, because these cells do 
not merge and have retained their identity. At the periphery of such clusters, the classical 
nuclear abnormalities may be recognized. Usually the tight clusters are accompanied by 
detached single dysplastic cells, which are much easier to recognize. 
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Small Parabasal and Basal Dysplastic Cells (Small Cancer Cells) 

As a rule, these cells originate from the abnormal epithelium of the endocervical canal and 

virtually always reflect the presence of an important and potentially dangerous 
neoplastic lesion. The classification of these cells as either “dysplastic cells” or as “small 
cancer cells” is semantic and a matter of personal preference. These diagnostically very 
important small cells, about 10 to 15 pm in diameter, have clearly abnormal nuclei and very 
scanty cytoplasm that is usually basophilic, and may form vacuoles (see Figs. 11-34B.D, 
11-35A). The cells occur singly or form small, loosely structured clusters. Tightly knit 
clusters or “syncytia” may sometimes occur (see Fig. 11-34C). The full appreciation of the 
nuclear abnormalities requires high magnification that will disclose abnormal nuclear contour 
and coarse granulation of the chromatin (see Fig. 11-32D). 

The recognition and classification of these small cancer cells is one of the great challenges of 
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cervical cytology, as they are one of the main sources of false-negative diagnostic errors. 

The single small cells may be overlooked on screening; the clusters may be mistaken 
for inflammatory cells, endometrial cells, or a host of other small cells (see Fig. 11-34A). 

Close attention to nuclear abnormalities is necessary to prevent errors. 

Dysplastic (Dyskaryotic) Endocervicat Cells 

These cells originate in the epithelium of endocervical type. They are relatively uncommon 
and often difficult to recognize, particularly in thick cell clusters obtained with endocervical 
brushes (see Chapter 10). By definition, these are columnar endocervical cells with 
enlarged nuclei that are either hyperchromatic or relatively pale, and often contain large 
nucleoli (see Fig. 11 -35C). It is a matter of semantics whether the small cancer cells with 
mucincontaining cytoplasmic vacuoles should also be classified as endocervical (see Fig. 11- 
35A), although they always originate in lesions of the endocervical canal. Dysplastic 
endocervical cells may be observed in high-grade squamous epithelial lesions (see Fig. 11- 
35B) or in adjacent benign, but atypical, endocervical glands (see Fig. 11-35D). This accounts 
for the high rate of squamous neoplastic lesions observed in smears with atypias of glandular 
cells (formerly AGUS; see discussion below). Similar abnormalities may also occur in the early 
stages of endocervical adenocarcinoma, discussed in Chapter 12. Occasionally, 
endometrial cells may mimic endocervical cells and vice versa, as discussed at length in 
Chapter 13. The diagnostic reproducibility in the morphologic recognition of these abnormalities 
of glandular cells is low (Simsir et al, 2003). 

Benign abnormalities of endocervical cells occurring in inflammation, pregnancy, 
hormone-induced changes or “repair,” may mimic endocervical cell dyskaryosis. These 
benign abnormalities were discussed in Chapter 10 and will be brought up again in Chapter 12. 

Diagnostic Significance of Dysplastic (Dyskaryotic) Cells 
Depending on the size and type of these cells, they reflect various types of precursor 
lesions and sometimes invasive cancer of the cervix. The correlation of cell patterns 
with types of lesions is discussed below. 

CANCER CELLS 

Cancer cells, whether derived from invasive cancer or high-grade precursor lesions, usually 
display significant nuclear and cytoplasmic abnormalities. Still, many of the cancer cells are 
differentiated, that is they retain a clear-cut tissue identity with cytoplasmic features, 
corresponding to either squamous or glandular epithelium. If the origin of cancer cells is not 
evident, the cells should be classified as undifferentiated cancer cells. 

This classification of cancer cells is arbitrary and its purpose didactic. Transitional cell 
forms exist between dysplastic and differentiated cancer cells and between differentiated and 
undifferentiated cancer cells. For this reason, it is often impossible to classify accurately a 
single cell, nor would such a procedure be essential or desirable. As will be pointed out 
repeatedly, most cytologic diagnoses are established on patterns of abnormal cells, 
rather than on single cells. 

Differentiated Cancer Cells 
Cancer Cells of Squamous Origin 

Squamous cancer cells are characterized by an extraordinary variety of cell shapes and 
formation of abundant keratin. These cells have a characteristic bright orange, or 
occasionally yellow, cytoplasm that is thick and dense and lacks the transparent 
qualities of normal squamous or superficial dyskaryotic (dysplastic) cells (Fig. 11-37A). 

This cytoplasm does not follow the cyclic changes that are sometimes observed in dyskaryotic 
cells. The size of keratinized cancer cells varies from very large, comparable with or larger 
than normal superficial squamous cells, to as small as small parabasal cells. Their shape varies 
from round or polyhedral to spindly, to irregular and bizarre. The nuclei of such cells are 
usually hyperchromatic, coarsely granular, and of irregular shape and frequently undergo 
pyknosis, giving them a dense, “drop of India ink” appearance. The nuclear sizes are 
variable and may vary from conspicuous enlargement to nearly normal. In some of these cells, 
the nuclei may become pale and, in final stages of keratinization, may disappear altogether, 
submerged by overgrowth of keratin. Such anucleated squames of bizarre shapes (see Fig. 

11-37B) are diagnostically as important as the nucleated squamous cancer cells, but must be 
differentiated from benign squames, found in innocuous leukoplakia (see Chapter 10). 

“Tadpole” cells (cells with a tail or caudate cells) are fairly uncommon cells observed 
mainly in invasive squamous cancer of the cervix and, occasionally, also in high-grade 
squamous precursor lesions. They are elongated, club-shaped cells of variable sizes, with 
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one broad and one narrow end. The usually spherical, or somewhat irregular, hyperchromatic 

single or multiple nuclei are eccentrically 
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located within the broad area of the cytoplasm (see Fig. 11-37C). The degree of cytoplasmic 
keratinization is variable. 




Figure 11-37 Keratinizing squamous cancer cells. A Malignant squamous cells of 
variable sizes with large hyperchromatic nuclei. B. Keratinized nucleated and anudeated 
cells. C. Aso-called tadpole cell with large nucleus forming the head and long, thin 
cytoplasmic tail. D. Squamous pearl wherein the component cells have large 
hyperchromatic nuclei. 



Spindly squamoid cells occur most often in invasive epidermoid cancers of the cervix but may 
also be observed in keratinized high-grade precursor lesions. These cells are elongated and 
needle-shaped and vary in length from 10 to 40 pm (see Fig. 11-51 C). Keratinization is not 
always evident and, thus, the cytoplasm may be either eosinophilic or basophilic. Elongated 
filaments (Herzheimer's fibrils) may be sometimes observed within the cytoplasm of spindly 
cells (Potter, 1978). The nuclei are nearly always elongated, hyperchromatic, and large for the 
size of the cell. Nuclear abnormalities must be observed before such cells are classified 
as malignant, because benign spindly squamous cells, smooth muscle cells and 
fibroblasts, may occasionally occur in cervical smears. The spindly squamoid cells may 
be the only cancer cells in cervical smears that will allow the correct cytologic classification of a 
poorly differentiated carcinoma as squamous or epidermoid type. 

Squamous “pearls” are concentrically arranged clusters of squamous cancer cells that 
resemble similar clusters of benign squamous cells described in Chapter 10. The difference 
between the benign and malignant “pearls” is in the configuration of the nuclei, which, in the 
cancerous pearl, are enlarged and hyperchromatic (Fig. 11-37D). In the center of the 
cancerous pearl, one may occasionally observe a deposit of keratin that stains orange or 
yellow in Papanicolaou stain. The pearls are usually observed in invasive squamous cancers 
but, occasionally, may be encountered in high-grade squamous precursor lesions. 

Cancer Cells ofEndocervical Glandular Origin 

The differences between dysplastic and cancerous endocervical cells are trivial 

(compare Fig. 11-35 with Fig. 11-38). These cells are usually of columnar configuration and 
their basophilic cytoplasm is either homogeneous or contains one large or several smaller 
cytoplasmic vacuoles, wherein mucin may be demonstrated by special stains (see Fig. 11- 
38). As mentioned above, mucus vacuole formation may also occur in small squamous 
dysplastic or cancer cells of endocervical origin (see Figs. 1 1 -34C and 1 1 -35A). In such cells, 
the nuclei are large and are often eccentric. In larger cancer cells, nuclear hyperchromasia 
and coarsely filamentous chromatin are less frequent than in squamous cancer cells, but large, 
eosinophilic nucleoli are often present. Nuclear pyknosis, so characteristic of keratinized 
cells of squamous origin, is generally absent. Papillary, spherical cell clusters may occur 
in adenocarcinomas of the cervix (see Chap. 12). 

Other glandular cancer cells in cervicovaginal material 
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may be derived from endometrial, ovarian, or metastatic carcinomas and are described in 
Chapters 13, 16, and 17. 
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Figure 11-38 Glandular cancer cells. A,B. Columnar cancer cells with vacuolated 
cytoplasm and enlarged hyperchromatic nuclei with visible nucleoli, derived from the 
endocervical epithelium. 



Diagnostic Significance of Differentiated Cancer Cells 

Although by definition, the cancer cells should reflect the presence of an invasive carcinoma, 
this is not always the case. Such cells may also occur in precursor lesions, particularly of 
squamous type. It is also important to emphasize that glandular cancer cells may be shed 
from squamous or epidermoid cancers of the cervix involving the endocervical canal 
(see Fig. 11-35AB) and are, therefore, important evidence of anatomic location of the 
lesion. Such cells may also be derived from atypical, but noncancerous, endocervical 
glands adjacent to high-grade lesions (see Fig. 11-35C,D). This point will be brought up 
again in discussing the cytologic presentation of the various forms of cervical cancer. 

Undifferentiated Cancer Cells 

These cells are, in a way, the embodiment of cancer and represent, in a classic fashion, the 
cytoplasmic and nuclear characteristics of malignant cells. For all practical purposes, 
they are always derived from invasive cancer. Their cytoplasm, although varying in amount, is 
generally scanty, predominantly basophilic, and fails to display any features that would 
enable one to classify the cells according to the tissue of origin (Fig. 11-39AB). The cells may 
vary in size from very small ones, about 10 pm in diameter or even less, to occasional 
gigantic multinucleated forms (see Fig. 1 1 -41 C). Their shape varies considerably, but most 
of the cells are approximately spherical or oval. The nuclei display all the changes attributable 
to cancer cells, such as a relatively large size, hyperchromasia, irregular contour, coarsely 
filamentous chromatin, prominent nucleoli, and frequently mitotic activity (Fig. 11-39D). 
However, large, pale, homogeneous nuclei occur from time to time in cancer cells in 
invasive squamous cancer. There is nearly always a marked reversal of the 
nucleocytoplasmic ratio in favor of the nucleus. Cytoplasmic fragility and degeneration result in 
cell debris or in isolated “naked” nuclei. Nuclear necrosis and karyorrhexis (apoptosis) are 
common. 

Undifferentiated cancer cells may form large clusters, wherein the classical features of 
cancer cells are absent because of poor preservation of the cells. Acareful examination 
of such clusters under high power of the microscope will often disclose the presence of large 
nucleoli within the poorly preserved, often pale, large nuclei. In such cases, it is highly 
advisable to search for single cancer cells with more classical features. Undifferentiated 
cancer cells are usually accompanied by debris, fresh and lysed or fibrinated blood, and 
leukocytes — all constituting evidence of necrosis and inflammation accompanying advancing or 
advanced cancer, and sometimes referred to as “cancer diathesis.” 

IMPACT OF COLLECTION OF CERVICAL SAMPLES IN LIQUID MEDIA ON 
MORPHOLOGY OF CELLS 

The basis of a correct cytologic diagnosis of neoplastic abnormalities of the epithelium of the 
uterine cervix is the assessment of the relationship of various types of abnormal cells to each 
other. At all times, the pattern of abnormalities is more significant than abnormalities of 
individual cells and a careful synthesis of the cytologic evidence is required before a 
diagnosis can be rendered. Unfortunately, with the use of liquid media for collection of cell 
samples and automated processing, the pattern of lesions, seen in direct smears, 
particularly the entrapment of abnormal cells in the endocervical mucus (see Fig. 11- 
36A.B), is lost and the diagnosis must be based on assessment of individual cells or 
cell clusters. This disadvantage is compensated by reduction or absence of obscuring 
blood and inflammatory debris. In our experience with the SurePath (TriPathology Imaging, 
Inc., Burlington, NC), the quality of the preparations, the distribution and dispersion of 
cells, and the morphologic details of normal and abnormal cells are outstanding and 
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comparable to routine smears (see Figs. 1 1 -31 C and 11-35C). In the ThinPrep 



System (Cytyc Corporation, Boxborough, MA), the cell distribution is sometimes uneven, 
there is some shrinkage of cells, and the crispness of the nuclear structure is not as 
sharp as in routine smears (see Figs. 11-32C and 11-33D). The ThinPrep System requires 
considerable training and experience in the interpretation of these preparations. 



Figure 11-39 Undifferentiated cancer cells. A Athick cluster of cancer cells derived 
from an invasive cancer. B. Dispersed stripped nuclei of cancer cells of variable sizes. C. A 
very large single cancer cell. D. High magnification showing an abnormal mitotic figure in a 
malignant cell. 



Incidentally, one of the much touted advantages of liquid preparations, namely the spread of 
cells as a monolayer, is not correct. Often, thick clusters of cells obtained by brushing 
(including endocervical, endometrial, dysplastic, or cancer cells), are not dispersed 
and are in a different plane of vision than the single cells forming the background (see 
Figs. 11-31C, 11-32C, and 11-33D). The results reported with the liquid systems are discussed 
in the closing pages of this chapter. 

CORRELATION OF CYTOLOGIC AND HISTOLOGIC PATTERNS OF 
SQUAMOUS PRECURSOR LESIONS OF THE UTERINE CERVIX 
One of the important features of cervicovaginal cytology is that the type of abnormal cells 
and the degree of celland nuclear abnormalities may be reasonably correlated with the 
type of lesion present in the uterine cervix. As discussed in the opening pages of this 
chapter, the smears reflect the degree of maturation of the epithelium of origin. Thus, 
the presence of large, superficial dysplastic (dyskaryotic) squamous cells, particularly 
koilocytes, suggests a lesion with a mature surface, which, in most cases, is a low- 
grade squamous intraepithelial lesion (LGSIL). The presence of smaller dysplastic 
(dyskaryotic) squamous (or sometimes glandular) cells will reflect a lesion with a 
surface composed of immature smaller cells and, hence, a high-grade lesion (HGSIL), 
often located within the endocervical canal. Although cells showing the highest degree 
of nuclear and cytoplasmic abnormality and classified as cancer cells are observed 
mainly in invasive cancer, they may also occur in high-grade precursor lesions. The 
border between smaller dysplastic (dyskaryotic) cells and cancer cells is often blurred 
and the designation of these cells in either category depends on the preference of the 
observer. 

The relationship of various cell types and the corresponding histologic lesions is illustrated in a 
diagram, in which the proportions of dysplastic (dyskaryotic) cells of various types and cancer 
cells in a cervical sample are plotted against the degree of tissue abnormality (Fig. 11-40). 
Borrowing 



an expression from the field of hematology, the increase in the less mature dysplastic 
(dyskaryotic) cells and cancer cells represents a “shift to the left,” corresponding to the 
increasing degree of abnormality in histologic preparations. This is also illustrated in a series of 
diagrams representing the distribution patterns of various types of abnormal cells in the lesions 
of the epithelium of the cervix. There is an increase in small cells and in the nucleocytoplasmic 
ratio in high-grade squamous intraepithelial lesions, carcinoma in situ (HGSIL), and invasive 
cancer when compared with the patterns of a low-grade lesion (Fig. 11-41). Supporting 



P.329 





P.330 



581 / 3276 



Koss' Diagnostic Cytology & Its Histopatholdtjlie Ba|£Hsri6ttsEi±rcinoma of the Uterine Cervix and Its Precursors 



evidence for this concept was provided by Reagan et ai (1952, 



P.331 



1957) who, using planimetry, calculated the nuclear and cellular diameters of abnormal 
cells in low-grade lesions (dysplasia), high-grade lesions (represented by carcinomas in situ), 
and invasive carcinomas of the uterine cervix. Agradual decrease in cell size with a 
synchronous increase in the nucleocytoplasmic ratio and the occurrence of aberrant 
cell types were recorded with increasing severity of the tissue lesions (Tables 11-8 and 
11-9). Figure 11-42 illustrates the distribution of abnormal cell types in squamous precursor 
lesions of the uterine cervix according to the epithelium of origin. 



Cytologic Diagnosis of Epidermoid Cancer and Related Lesions 




Figure 11-40 Adiagrammatic and greatly simplified representation of the interrelation of 
types of abnormal cells in various lesions of the epithelium of the uterine cervix. This 
diagram has no bearing on the number of abnormal cells present, which is largely 
dependent on the techniques used. Some emphasis has been put on the fact that the 
patterns of some of the low-grade borderline lesions and of carcinomas in situ may 
overlap. The same is true of some in situ and early invasive cancers. 
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ZELL AND NUCLEUS CIA METERS 




Figure 11-41 Diagrams demonstrating the differences in the sizes of abnormal ceils 
in a case of borderline atypia (low-grade lesion) (/4); a case of carcinoma in situ (6); 
and a case of invasive carcinoma ( C ). The oval shaded area in the center represents the 
field of distribution of normal cells. Note the gradual shift of abnormal cells toward the left 
side of the diagram corresponding to a gradually diminishing cytoplasmic: nuclear ratio. 

The very large cells in the right field of A represent superficial cell dyskaryosis, which may 
sometimes be associated with cellular enlargement. (From Koss LG, Durfee GR. Unusual 
patterns of squamous epithelium of uterine cervix; cytologic and pathologic study of 
koilocytotic atypia. Ann NY Acad Sci 63:1245-1261, 1956. Diagrams prepared by Airborne 
Instruments Laboratories, Mineola, NY.) 



TABLE 11-8 MEASUREMENTS OF CELL AREA 
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Normal 


Dysplasia 


In Situ 
Cancer 


Invasive 

Cancer 


Cases 


50 


100 


100 


100 


Total cells 
measured 


2,500 


5,000 


10,000 


5,000 


Cell 










Diameter in p 
m 


44.93 ± 4.28 


36.81 ±5.59 


20.85 ±3.16 


16.85 ±2.94 


Area in prn^ 


1,604.15 ± 
312.35 


1,087.59 ± 
311.00 


352.51 ± 
115.78 


229.49 ± 
82.81 


Nucleus 










Diameter in p 
m 


6.75 ± 1.20 


14.52 ±1.57 


11.67 ± 
1.652 


9.78 ± 1.59 


Area in prn^ 


36.51 ± 13.31 


167.20 ± 
38.20 


109.38 ± 
33.04 


77.04 ± 
26.57 


Relative nuclear 
* 

area 


2.32% ± 84 


16.45% ± 
4.35 


31.96% ± 
6.040 


34.44% ± 
6.77 



All areas represent means/case and were computed on the basis of measured 
dimensions except for invasive cancer, which is based on planimetry. See legend to 
Table 11-9. 



Johannisson et al (1966) documented that the number and type of abnormal cells in a 
cervical scrape smear could be correlated with size and type of lesion, confirming a 
common experience of cytopathologists, namely that a well-taken smear showing a small 
number of abnormal cells, usually corresponds to a small lesion, whereas a smear with a large 
number of abnormal cells usually indicates a lesion of large size. The cytologic recognition of 
various types of precancerous intraepithelial lesions is discussed below. 



TABLE 11-9 CELL CONFIGURATION* 



Normal Dysplasia In Situ Cancer invasive Cancer 

(%) (%) (%) (%) 



Number of cells 


11,000 


5,000 


10,000 


10,000 


Type of cell 










Polyhedral 


94.81 


52.68 


8.19 


2.05 


Round 


.95 


20.58 


52.63 


45.98 


Oval 


2.81 


21.02 


31.41 


30.53 


Ellipsoidal 


1.21 


4.00 


1.67 


.54 


Irregular 


.21 


.20 


4.08 


5.17 


Elongate 


.01 


1.50 


1.76 


15.08 
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Tadpole 


.00 


.02 


.26 


.65 


Isodiametric 


95.76 


73.26 


60.82 


48.03 


Nonisodiametric 


4.24 


26.74 


39.18 


51.97 



Tables 11-8 and 11-9 indicate the variation of cell characteristics in normal cervix, 
dysplasia (synonymous with low-grade lesions as used in the present work), and in situ 
and invasive carcinoma of the cervix. Note the increase in the relative nuclear area and 
the increase in irregular cell shapes as the lesions progress to invasive carcinoma. 

(Reagan JW, Hamonic MJ, and Wentz WB. Analytical study of the cells in cervical 
squamous-cell cancer. Lab Invest 6:241-250, 1957.) 



It must be stressed that, quite often, the correlation of the cytologic and histologic 
patterns of lesions is far from perfect. Knowledge of such pitfalls is important as it may 
prevent errors of interpretation. 

Protruding Papillary Squamous Lesions of the Cervix 
Condylomata Acuminata (“Condylomas ”) 

The natural history of condylomata acuminata, or venereal warts, occurring on external 
genitalia, was discussed in Part 1 of the chapter in conjunction with the role of human 
papillomavirus (HPV) in the genesis of these lesions. Large condylomas, visible with the 
naked eye and similar to those observed on the external genitalia, are uncommon on the 
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uterine cervix and rarely require a cytologic diagnosis. Still, occasionally, cytologic samples 

are obtained. The cytologic presentation of these lesions differs from the more 
common, flat lesions. I have observed several such cases in young women. 



Lesions Derived from Squamous 
Epithelium 




Normal Control 


Synonyms 


Low grade lesions 
CINI 

Mild dysplasia 


(5) @7 


C 


Synonyms -< 


High grade lesions 
CIN II and III 
Keratinizing dysplasia 
Squamous carcinoma 
_ in situ 


% 




Lesions Derived from Endocervical 
Epithelium and Squamous Metaplasia 




Normal Control 


Synonyms < 


' High grade lesions 
CIN II or III 
Moderate dysplasia 
Carcinoma In situ 
(metaplastic type) 


K'j 






CIN III 

Carcinoma in situ (small 
^ cell type) 


uj5r 





Figure 11-42 Diagrammatic representation of principal cell types occurring in squamous 
intraepithelial precursor lesions of the uterine cervix (SIL). The lesions were classified 
according to epithelium of origin as low-grade (LGSIL) and high-grade (HGSIL). The cell 
types in the drawing follow the text. Normal controls are on right. Top row: superficial 
dysplastic (dyskaryotic) squamous cells and koilocytes. Second row: keratin-forming 
dysplastic (dyskaryotic) or cancer cells. Third and fourth rows: dysplastic (dyskaryotic) or 
cancer cells of medium and small sizes. 



Histology 

The lesions in their classic form are composed of a central stalk of connective tissue lined by 
thick squamous epithelium arranged in numerous papillary folds (Fig. 11-43A). Toward the 
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surface, the epithelium is characterized by the presence of koilocytes, in the form of cells with 
enlarged single or double hyperchromatic nuclei, surrounded by a clear perinuclear zone (Fig. 

11-43B). Mitotic activity may be intense. Afew layers of small, keratinized cells are commonly 
seen on the surface of these lesions. The presence of HPV may be documented in the nuclei 
of koilocytes by the use of the common HPV capsular antigen (see Fig. 11 -9A) or by in situ 
hybridization with specific HPV type DNA(see Fig. 11-9B). In the perirectal condylomas studied 
by us, the dominant HPV types were 6 or 11 but, occasionally, types 16 or 18 have been 
observed (Vallejos et al, 1987). 

The studies of patterns of distribution of glucose-6-phosphate dehydrogenase suggest 
multicellular origin of these lesions, contrary to monocellular (clonal) origin of cervix cancer 
(Friedman and Fialkow, 1976). Jagella and Stegner (1974) studied DNA distribution in 50 
condylomas and found aneuploid DNA values in several such lesions. Other observers claimed 
that the DNA content of condylomas is “polyploid.” In our own studies, virtually all such lesions 
had an abnormal, aneuploid DNApattern (Vallejos et al, 1987). 

Cytology 

The cytologic presentation of large cervical condylomata in direct smears may be alarming. 

Besides cells showing moderate levels of nuclear atypia, the lesions may shed large, highly 
abnormal squamous cells, showing marked nuclear enlargement and hyperchromasia 
(Fig. 11-43C,D). Occasionally, concentric arrangement of squamous cells or “squamous 
pearls” may be noted. Sheets of small, spindly squamous cells with hyperchromatic 
nuclei, derived from the surface of the lesions, may also occur. Classical koilocytes, with 
large hyperchromatic, sometimes smudged, single or double nuclei, are usually present but 
rarely constitute the majority population in the wart-like lesions. 

Clinical Significance 

The clinical significance of the protruding, wart-like lesions of the cervix is somewhat 
obscure. At least some of these lesions may recur after treatment and may be 
accompanied or followed by flat precursor lesions (CIN) or even invasive cancer, 
justifying their inclusion among precancerous lesions. The practical conclusions based 
on these considerations suggest that the cytologic abnormalities caused by condylomata 
acuminata must receive the same clinical attention as other precancerous lesions of the uterine 
cervix. Prudence suggests that these patients should have the benefit of a colposcopic 
examination of the cervix and of the vagina. All persisting lesions are deserving of biopsy 
and further treatment must depend on the histologic findings. 

Solitary Squamous Papilloma 

It is not known whether the rare solitary squamous papillomas of the cervix, occurring 
mainly in patients below 
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the age of 40, are related to condylomata acuminata or constitute a distinct and different lesion. 

Histologically, solitary squamous papillomas of the cervix are structurally similar to a 
condylomata acuminata, but the surface squamous epithelium shows only slight deviation from 
normal (Kazol and Long, 1 958). Koilocytes are absent. Because of the rarity of these lesions, 
their relationship to HPV is unknown. However, unless widely excised, these lesions have a 
tendency to recur, and at least some of them are ultimately capable of invasive growth. A case 
of this type was reported by Marsh (1952). Goforth (1952) reported two such cases with 
adjacent carcinoma in situ. I have also observed a few such cases, followed many years 
later by invasive squamous cancer. Squamous papillomas should not be confused with 
papillary (warty) and verrucous squamous carcinomas of the cervix, discussed below, 
and similar lesions of the vagina, discussed in Chapter 14. 
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Figure 11-43 Condyloma of cervix. A The characteristic surface of a condylomatous 
lesion with clogs of keratin on the surface. B. Surface epithelium of a condyloma showing 
marked koilocytosis. C, D. Cytology of a condylomatous lesion in a 17-year-old woman. 
Note the marked nuclear abnormalities and the presence of koilocytes. 



FLAT PRECURSOR LESIONS 

Low-Grade Squamous Intraepithelial Lesions (LGSILs) 

Synonyms: mild dysplasia, cervical intraepithelial neoplasia (CIN), grade I (with or 
without features of human papillomavirus infection), “flat condylomas.” 

Histology 

As briefly discussed in Part 1 of the chapter, the low-grade precancerous lesions of the uterine 
cervix occur mainly on the squamous epithelium of the transformation zone and in the 
adjacent squamous epithelium of the outer (vaginal) aspect of the uterine cervix. 

These lesions are characterized by a relatively slight disturbance of the structure and 
maturation of the squamous epithelium. The squamous epithelium can be of normal thickness 
(Fig. 11-44B) or thickened, the latter feature being most conspicuous in the so-called “flat 
condyloma” variant of the lesion (see Fig. 11-45B,D). These lesions may extend to adjacent 
endocervical glands in the transformation zone and to the epithelium of the vagina. 

Nuclear abnormalities in the form of nuclear enlargement and hyperchromasia may be 
scattered throughout all layers of the epithelium, but are often most conspicuous in the 
upper one-third, particularly in the presence of koilocytes. The surface of many of these 
lesions shows a few layers of small keratinized cells, so-called “dyskeratocytes” (Meisels, 

1984). Mitotic activity is commonly present in the lower one-third, occasionally extending to 
the middle, very rarely to upper layers of the epithelium. Abnormal mitoses may occur. As has 
been discussed above, all types of HPV may be associated with these lesions (see Table 11- 
4). Hence, HPV typing as an 
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adjunct to cytology that has been proposed as an “objective” system of classification of these 
lesions (Sherman et al, 1994) should be applied with caution, if at all, in this group of patients, 
particularly if they are less than 30 years of age. For further discussion of HPV typing as an 
adjunct to cytology, see Part 1 of the chapter and further comments below. 

The most common error in the histologic diagnosis of these lesions is normal squamous 
epithelium rich in glycogen, wherein normal intermediate and superficial squamous cells may 
show large clear cytoplasm, mistaken for koilocytes. Such epithelia do not show nuclear 
abnormalities, an essential feature of low-grade lesions. Pirog et al (2002) proposed that 
positive immunostaining for a marker for cell proliferation (MIB antibody) is helpful in 
separating the normal from abnormal epithelia. 

Cytology 

The background of the smears is often clear and free of inflammation. Corresponding to the 
histologic picture, the dominant abnormal cells in the cervical smears, derived from the 
relatively mature surface of the epithelial lesion, belong to the category of superficial 
and intermediate dysplastic (dyskaryotic) cells (Figs. 11-44AC and 11-45C). Koilocytes, 
singly and in clusters, occur in a great many of these cases, confirming the close relationship 
of the low-grade lesions with permissive HPV infection (Fig. 11-45AB). Some observers 
proposed that, in the presence of koilocytes, it is possible to establish a diagnosis of human 
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papillomavirus infection, suggestive of viral presence in the absence of histologic 
abnormalities. As shown by Abadi et al (1998), this is not the case and the cytologic or 
histologic diagnosis of “human papillomavirus infection” is not helpful. 




Figure 11-44 Low-grade squamous intraepithelial lesions (LGSILs). A Large 
intermediate dyskaryotic cells corresponding to biopsy shown in B. B. In situ hybridization 
of the biopsy with HPV 1 6. Note the dark nuclei showing evidence of HPV in the upper 
regions of the epithelium. C. A multinucleated dyskaryotic cell corresponding to low-grade 
CIN shown in D. Similar multinucleated cells may be observed in the epithelium. 



Also commonly observed in such smears are clusters or dense aggregates of small, 
usually spindly squamous cells with markedly eosinophilic cytoplasm and small, 
pyknotic nuclei, “so-called” dyskeratocytes (Fig. 11-46AC), derived from the surface of the 
epithelium (Fig. 11-46B,C). Sheets of such cells may be observed in liquid preparations from 
LGSIL. 

In samples from some low-grade lesions, the superficial and intermediate dysplastic 
(dyskaryotic) cells and koilocytes are accompanied by smaller, parabasal dysplastic 
(dyskaryotic) squamous cells (see Fig. 11-32AB). The classification of the material as to 
low- or high-grade squamous lesions depends on the proportion of the smaller cells. If only 
a few smaller dysplastic (dyskaryotic) cells are present, the lesion should still be judged to be 
low-grade. If the population of the smaller dyskaryotic cells is 10% or more of the 
abnormal cells, it becomes likely that the 
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low-grade lesion is accompanied by a high-grade lesion in the adjacent epithelium. In 
some liquid preparations, the two populations of cells can be better visualized than in 
conventional smears. 




Figure 11-45 Low-grade squamous intraepithelial lesions with koilocytes. A 

Numerous koilocytes in one field of a cervical smear corresponding to the tissue biopsy 
shown in B. B. A low-grade intraepithelial lesion with koilocytes. C. A cluster of large 
dysplastic intermediate squamous cells corresponding to the tissue biopsy shown in D. D. 
Alow-qrade lesion that extended into the endocervical glands. 
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While koilocytes characteristically occur in low-grade lesions, they may also be found 
in smears of keratinized carcinoma in situ (keratinizing dysplasia) and, occasionally, in 
invasive squamous cancer. Thus, Allerding (1985) observed koilocytes in 25% of earlier 
smears of patients with biopsy-documented carcinoma in situ. Further, koilocytes derived 
from a low-grade lesion may obscure the presence of high-grade lesions (HGSIL) 
located in an adjacent epithelial segment. These views received strong support in an 
analysis of koilocytotic atypia by Lee et al (1997). In some patients, koilocytosis may 
precede a high-grade lesion, or even invasive cancer, by several years (Fig. 11-47). 

Superficial dysplastic cells may also occur in or precede high-grade lesions. In the example 
shown in Figure 11-48AB, superficial dysplastic (dyskaryotic) cells corresponded to a two-tier 
neoplastic lesion, with the bottom part of the epithelium formed by a high-grade lesion. In the 
case illustrated in Figure 11-48C.D, scanty superficial cell dysplasia (dyskaryosis) 
corresponded to a high-grade lesion in the biopsy. 

Clinical Significance 

As has been repeatedly emphasized in Part 1 of the chapter and above, the behavior of the 
low-grade lesions is unpredictable. Many of these lesions disappear spontaneously or after a 
biopsy (Fig. 11-49) but may also persist or progress. There is evidence that some LGSILs are 
extremely fragile and, therefore, susceptible to minimal therapeutic handling, perhaps 
even to cytologic sampling. Flowever, neither cytologic nor the histologic patterns of 
abnormality permit prognostication in any individual case; hence, the patients must 
have long-term follow-up, as they are prime candidates for further abnormalities. 

Kurman et al (1994) recommended that patients with LGSIL should either have the benefit of a 
colposcopic examination or close cytologic surveillance. If the latter is chosen, experience has 
shown that at least 3 years of completely negative cytologic follow-up is necessary before the 
patient may be declared to be free of disease (Koss et al, 1963). 

HPV typing, discussed in the closing pages of this chapter, is, at the time of this writing (2004), 
the most widely used prognostic test, which, unfortunately, is not reliable in women below the 
age of 30 in whom LGSIL is most often observed. Still, Matsuura et al (1998) claimed that 
disappearance vs. persistence and progression of LGSIL correlated 
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with the presence or absence of HPV Molecular and genetic approaches so far failed to 
establish a reliable and simple set of parameters applicable to routine cytologic or histologic 
samples. In an elaborate recent study, Kruse et al (2004) reported that lesions with a high level 
of expression of proliferation antigen Ki67 were more likely to progress than lesions with low 
values. 




B 





Figure 11-46 Low-grade squamous in traepithelial lesions with dyskeratocytes. A 

Cluster of keratinizing superficial cells, commonly observed in, but not diagnostic of, low- 
grade lesion shown in B. B shows a low-grade squamous intraepithelial lesion with 
koilocytes. Note the keratinized cells on the surface. C. A small cluster of densely packed, 
small squamous cells described by Meisels as “dyskeratocytes." D. A low-grade lesion with 
koilocytes showing surface keratinization corresponding to C. 
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High-Grade Squamous Intraepithelial Lesions (HGSILs) 

Synonyms: moderate dysplasia, marked (severe) dysplasia, carcinoma in situ, cervical 
intraepithelial neoplasia (CIN) grades II, III, “atypical condylomas.” 

High-grade squamous intraepithelial lesions show a variety of histologic and cytologic 
patterns that may cause diagnostic controversy, even among competent observers. 

One of the benefits of the Bethesda System was the introduction of a binary system of 
classification of the precancerous lesions of the cervix (low- and high-grade), replacing three 
or even four subdivisions that were not reproducible. 

The easiest to define is a lesion with severe abnormalities throughout the epithelial thickness, 
known as carcinoma in situ. This writer has searched in vain for an objective and reproducible 
definition of the term moderate dysplasia, orCIN II, which some observers include with low- 
grade and some with high-grade lesions. It is obviously a subjective diagnosis that may depend, 
to a large extent, on the training and experience of the pathologist. A number of lesions with 
moderate nuclear changes and some surface differentiation of the neoplastic epithelium, some 
illustrated in this chapter, could be so classified. For example, low-grade lesions shown in 
Figures 11-44D and 11-45D could be reclassified as CIN II or moderate dysplasia. Keratin- 
forming high-grade lesions (see Fig. 11-47D) could also be classified as CIN II, so could the 
lesions shown in Figures 11-48D and 11-52D. The significance of this lesion is illustrated in 
Figure 11-56, showing its transition into invasive cancer. Hence, the precise cytologic or 
histologic definition of the lesion is of limited value, so long as the lesion is recognized and 
included in the group of precancerous lesions, requiring further investigation and treatment. 

Regardless of morphology, nearly all lesions belonging to the HGSIL group harbor persisting 
infection with a high risk human papillomavirus (see Table 11-2). 

There are very few cases of a high-grade lesion that have an identical histologic or cytologic 
presentation. However, the population of abnormal cells in individual cases is 
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often remarkably uniform. Marked variability of cell configuration is more consistent with 
invasive cancer. 




Figure 11-47 Dysplastic (dyskaryotic) intermediate squamous cells with halos (koilocytes), 
corresponding to a high-grade lesion observed 4 years later. A Dyskaryosis of 
intermediate cells. B. Small cancer cells observed on a smear obtained 4 years later. C. 
Tissue biopsy obtained after the second smear shows carcinoma in situ (CIN III) with 
extension to endocervical glands. D. Shows details of the surface of the lesion. 



For didactic purposes, the high-grade lesions may be divided into three principal morphologic 

groups, illustrated in Figure 11-16: 

■ Keratin-forming lesions derived from and retaining the characteristics of squamous 
epithelium 

■ Lesions derived from endocervical epithelium, often retaining features of squamous 
metaplasia 

■ Lesions derived from reserve cells, usually of endocervical origin, characterized by small 
cancer cells, sometimes with endocrine features 

These subtypes of high-grade lesions are not necessarily homogeneous and oftentimes 

several patterns may be observed side by side within the same cervix. However, this 

classification is reproducible, to a significant extent, in cervical smears and it does 
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provide guidance to the location of the lesion, either on the uterine portio or in the 
endocervical canal. 

High-Grade Keratinizing Squamous Intraepithelial Lesions 

Synonyms: keratin-forming carcinoma in situ, keratinizing or pleomorphic dysplasia, 
moderate dysplasia, severe dysplasia, CIN grade II or III. 

As may be seen from the number of synonyms, this is a group of lesions that presents 
considerable difficulties in diagnosis and classification. The lesions are located primarily on 
the squamous epithelium of the portio of the cervix and occasionally have a 
keratinized surface and, hence, may clinically resemble benign leukoplakia. These 
lesions are sometimes “warty” and may resemble squamous papilloma. An association of these 
lesions with condylomas was reported by McLachlin et al (1995). Transitions between low- and 
high-grade keratinizing lesions may also be observed (Fig. 11-50B). 

Most high-grade lesions of this type represent a transformation of low-grade squamous 
intraepithelial lesions and are precursor lesions of well differentiated, keratinized invasive 
cancer of the cervix or vagina. It cannot be ruled out, however, that some of these lesions may 
develop de novo in squamous epithelium. Although, to my knowledge, no statistical evaluation 
of the frequency of these lesions has been performed, it has been my experience that these 
lesions have become much less common in the United States in recent years, possibly as a 
consequence of detection and treatment of low-grade lesions. The keratinizing precursor 
lesions of the uterine cervix and the corresponding well-differentiated invasive squamous 
cancer are still common in countries without an effective cancer-detection program. 
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Figure 11-48 Low-grade lesions in smears with high-grade squamous lesions (HGSIL) in 
tissue biopsies. A Dysplastic (dyskaryotic) intermediate squamous cells corresponding to 
biopsies shown in B. B shows a two-layer lesion with the high-grade component forming 
the bottom segment. C. An intermediate dyskaryotic cell in Pap smear corresponding to a 
HGSIL in the tissue biopsy shown in D. 



Histology 

These lesions are nearly always derived from, and located on, the squamous epithelium of the 
vaginal aspect of the uterine cervix. The epithelium is usually thickened and is composed of 
squamous cancer cells with markedly enlarged, usually hyperchromatic nuclei, 
arranged in disorderly layers. Mitoses, often abnormal, can be observed throughout 
the cancerous epithelium. Layers of keratin of variable thickness are present on the 
surface of the lesions which still retain the over-all configuration of the squamous 
epithelium of origin (Figs. 11-50D, 11-51 D). These lesions may extend to the lower end of 
the 
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endocervical canal but more often spread to the vagina (see Chap. 14). 
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Figure 11-49 Disappearing low-grade lesion in a 17-year-old woman. A Severe 
dyskaryosis of intermediate cells corresponding to the tissue biopsy of a low-grade lesion 
shown in B. The lesion disappeared after the biopsy and long-term follow-up was negative. 




Figure 11-50 High-grade squamous intraepithelial lesion. A Group of keratinized 
squamous cancer cells showing large, dark nuclei, corresponding to biopsy shown in B. 
Note the presence of cells with clear perinuclear zones reminiscent of koilocytes. B. The 
lesion is a combination of low and high-grade with keratinized surface. C. Anucleated 
squamous material corresponding to tissue lesions shown in D that shows squamous high- 
grade CIN with keratinized surface. 



In biopsy material, the lesions are frequently underestimated because, under the low power 
of the microscope, they may be mistaken for benign leukoplakia, or, because of the relatively 
orderly arrangement of the epithelium, considered to be a “dysplasia” or a low-grade lesion. 
Such material should be studied under a high-power lens to identify the cytologic 
abnormalities described above. The lesions are fully capable of progression to 
invasive cancer. 



Cytology 

The smear background shows considerable inflammation. Associated trichomoniasis is 
common. The presence of blood and marked necrosis may be indicative of invasive cancer. 
The dominant feature is usually the presence of keratin-forming cancer cells of a variety of 
shapes with abundant orange or yellow opaque, thick cytoplasm, accounting for the term 
“pleomorphic dysplasia” (Patten 1972) (Figs. 11-50 and 11-51). Tadpole (caudate) cells (see 
Fig. 11-37C), spindly squamous cancer cells (see Fig. 11-51 C), and squamous “pearls” 
made up of cancer cells (see Fig. 11-37D) may be observed in such smears. The nuclei of 
such cells, although enlarged and of irregular shape, are often pyknotic and not 
amenable to a detailed microscopic analysis (India ink nuclei) (see Fig. 11-50A). Some of 
the cancer cells may sometimes appear as mere “ghosts,” in which the nucleus has been 
partially or completely replaced by keratin. Anucleated keratin material from the surface of 
the lesion may accompany the ghost cells (see Fig. 11-50C). In fact, the differential 
diagnosis between benign leukoplakia, which also sheds anucleated squames (see 
Chap. 10), and keratinizing cancer of the cervix, is best accomplished by a cytologic 
sample. The samples may also contain nonkeratinized, dysplastic cells and koilocytes, 
the latter suggestive of origin of the abnormality in a low-grade lesion (see Fig. 11-50A). 

In some of these lesions, the cytologic evidence may be limited to a few atypical 
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squamous cells. It must also be noted that, in this group of lesions, the cytologic 
differentiation of noninvasive precursors from invasive, keratin-forming squamous 
cancer may be impossible, as recently confirmed by Levine et al (2003). 



Clinical Significance 

Because of the possibility that an invasive cancer may be present, an adequate 
colposcopic evaluation and biopsies 
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of cervix are particularly important for this group of lesions and must include the 
adjacent vagina. 
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Figure 11-51 Various manifestations of a keratinizing high-grade squamous 
intraepithelial lesion. A. Acluster of small squamous cells with dark, enlarged nuclei. B. 
Single squamous cells with large, hyperchromatic nuclei. C. Spindly squamous cells. D. 
Corresponding biopsy of a high-grade lesion with keratinized surface. Note the presence of 
tripolar mitoses. 



Intraepithelial Lesions with Features of Squamous Metaplasia 
Synonyms: moderately well-differentiated or intermediate type of carcinoma in situ, 
large- or medium-size cell carcinoma in situ, moderate or severe dysplasia, CIN grade 
II or III. 

Histology 

This is, by far, the most common form of high-grade lesion, usually straddling the 
transformation zone, and involving the adjacent squamous and endocervical epithelia. 

The extension of the process into endocervical glands is common and should not be 
mistaken for invasive cancer. The cytologic and histologic appearance of the lesions is 
variable, which accounts for the many synonyms. 

The neoplastic epithelium is of variable thickness, usually comprising 10 to 20 layers of cells, 
but it sometimes may be composed of only three or four layers of small cells. In such cases, the 
lesion may be difficult to recognize and one must pay close attention to the nuclear features of 
component cells. The very thin epithelium may reflect loss of upper epithelial layers because 
of fragility of these lesions. These cases are reminiscent of the “clinging” form of carcinoma 
in situ of the bladder, discussed in Chapter 23. The over-all histologic pattern and anatomic 
distribution of the epithelial lesions often bears considerable resemblance to squamous 
metaplasia of the endocervical epithelium. The neoplastic epithelium is composed of 
medium-sized cancer cells arranged in disorderly layers. On close inspection, the cells 
have large, irregularly shaped, hyperchromatic nuclei and scanty basophilic cytoplasm 
(see Figs. 11-52C, 11-53B,D, 11-54D). In some lesions, the component cells retain 
squamous features, are somewhat larger, and have eosinophilic cytoplasm. Some of 
these lesions show two or three layers of small, keratinized cells with pyknotic nuclei on 
the surface (see Fig. 11-52D). Mitotic activity, including abnormal mitotic figures, is 
usually quite evident. These lesions are often accompanied by atypia of endocervical 
epithelium lining the adjacent glands (see Fig. 11-35D). 

Some of these lesions are composed of two layers of malignant cells of different 
morphology (see Fig. 11-48B). The mechanisms of this arrangement are not understood but it 
is likely that one type of lesion is growing underneath and undermining the older abnormal 
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surface epithelium. 
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Figure 11-52 High-grade squamous intraepithelial lesion of the “so-called” 
metaplastic type. A,B. Parabasal malignant squamous cells with marked nuclear 
enlargement and hyperchromasia. Note the general similarity of these cells to benign 
metaplasia, except for marked nuclear abnormalities. C. The tissue lesion corresponding to 
smear pattern shown in A and B. D. Another biopsy example of this type of lesion with 
keratin formation on the surface. 



Differential Diagnosis Between HGSIL of Metaplastic Type with Atypical or 
Immature Squamous Metaplasia 

Atypical or immature metaplasia is an ill-defined histologic entity that is either benign, 
neoplastic ab initio, or may be a step in the development of high-grade lesions of 
metaplastic type. One such lesion, named papillary immature metaplasia (PIM) and often 
containing HPV types 6 and 1 1 , was thought to represent an early stage of formation of 
condyloma (Crum et al, 1996). 

The lack of diagnostic reproducibility among competent observers was vividly illustrated in a 
paper by Park et al (1999). These authors attempted to use human papillomavirus typing to 
solve the problems of classification with limited success. On the other hand, Geng et al (1999) 
reported progression of 13 of 16 patients with “atypical immature metaplasia” to HGSIL. 

The progression was more frequent in HPV-positive than in HPV-negative patients. Such 
lesions have been observed by us during the long-term follow-up of cervical neoplasia, reported 
in Part 1 of the chapter and in recent years. 

The histologic differential diagnosis between atypical metaplasia and HGSIL may be very 
difficult. The principles in the histologic classification of these lesions can be 
summarized as follows: if, on close inspection, the epithelium shows formation of 
desmosomes (intracellular bridges) and the component cells show no conspicuous 
nuclear abnormalities, the odds are that the lesion is benign. If the cells show variation 
in nuclear sizes, crowd each other and do not form visible desmosomes, the lesion is 
most likely malignant. Some such lesions may become invasive (see Fig. 11-56AB). The 
cytologic material may provide an answer in difficult cases: in the presence of cells with 
malignant nuclear features, the lesions are malignant. If the cytology shows merely metaplastic 
cells with relatively slight nuclear abnormalities, as described in Chapter 10, the identity of the 
lesions is uncertain and a follow-up should be instituted. 

Cytology 

In general, this group of lesions is characterized by a fairly monotonous population of 
moderately sized parabasal, dysplastic (dyskaryotic) or cancer cells with marked 
nuclear abnormalities, occurring singly and in clusters (see Figs. 11-52AB and 11-54). Not 
all such cells have hyperchromatic nuclei (pale dyskaryosis) and their identification may 
be challenging. The cytoplasm of the abnormal cells is predominantly basophilic. However, in 
every sample, 
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some or most cells show the eosinophilic cytoplasm, characteristics of squamous cancer cells 
that may not be evident in the corresponding biopsy (see Fig. 11-53A.B). In some instances, 

cancer cells of endocervical type with large nucleoli may be observed, sometimes 
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mimicking to perfection the cytologic presentation of endocervical adenocarcinoma (see Fig. 11- 
53C,D). 




Figure 11-53 The smear pattern and histology of a high-grade squamous 
intraepithelial lesion located in the endocervical canal. A,B. An example of HGSIL with 
keratinization of component cells. A Medium-sized cancer cells with keratinized cytoplasm. 
B. The corresponding tissue lesion. C. Columnar cancer cells that could be interpreted as 
endocervical adenocarcinoma. D. The corresponding tissue lesion. 



As illustrated in Figure 11-36A.B, streaks of dysplastic cells, trapped in endocervical mucus, 
may be observed in direct cervical smears. This diagnostically very helpful feature is no 
longer present in liquid cell collection systems. Still, in our experience, with good liquid 
preparations using the SurePath System (TriPathology Imaging, Burlington, NC), the abnormal 
cells stand out because of nuclear enlargement and hyperchromasia and retain the fine 
features of nuclear chromatin (Fig. 11-54). 

Because the parabasal dysplastic (dyskaryotic) cells may bear considerable 
resemblance to benign metaplastic squamous cells, some observers have redescribed 
these cells as “atypical immature squamous metaplastic cells” (Dressel and Wilbur, 1992; 

Sheils and Wilbur, 1997), while acknowledging that such cells reflect the presence of high- 
grade lesions in most cases. Sherman et al (1999) used this term to designate smears as 
“atypical, rule out high-grade lesions.” In my judgment, this term is highly misleading and 
merely confuses the issues. In some patients, the atypical metaplastic cells in smears may 
be followed by clear-cut dysplastic or malignant cells, leading to a biopsy diagnosis of 
HGSIL (Fig. 11-55). 

Clinical Significance 

It is generally assumed that HGSIL of the metaplastic type is a precursor of invasive cancer, 
composed of medium-sized cells. It is of note that invasive carcinomas derived from such 
lesions may show a much greater degree of keratin formation than the precursor 
lesions. By consensus, HGSIL should be treated after the lesion has been localized by 
colposcopy and appropriate biopsies, although it is known that some such lesions can 
disappear or not progress for many years (see Part 1 of the chapter). The issue of HPV typing 
as a prognostic parameter will be discussed at the end of this chapter. 

High-Grade Lesions Composed of Small Cells 

Synonyms: small-cell squamous (epidermoid) carcinoma, carcinoma in situ, CIN grade 

III. 

P.343 



594 / 3276 



Koss' Diagnostic Cytology & Its Histopatholdtjlie Ba|£Hsri6ttsEtircinoma of the Uterine Cervix and Its Precursors 




Figure 11-54 High-grade squamous intraepithelial lesion (HGSIL) from a liquid 
preparation (SurePath). A,B. Scattered small malignant cells, singly and in clusters. Note 
the excellent quality of nuclear stain. C. High power view of large cells with hyperchromatic 
nuclei. Note the irregular nuclear outline and coarse arrangement of chromatin. D. 
Corresponding HGSIL of “metaplastic” type. 



Histology 

This group of intraepithelial lesions, derived from reserve or basal cells of the endocervical 
epithelium, is composed of small malignant cells. The lesions replace the epithelium 
lining the endocervical canal and frequently extend to endocervical glands (Figs. II- 
S/D, 1 1-58D). The lesion may extend to the transformation zone and be identified by 
colposcopy. In many instances, however, the lesion is beyond the reach of the colposcope 
and, therefore, represents a diagnostic challenge to the clinician and the pathologist. Because 
the initial colposcopy may be negative, delays in securing biopsies are common. 

Endocervical curettage, which is often used for diagnosis, may result in tiny fragments of 
tumor that are sometimes difficult to interpret or are overlooked. In many cases, repeated 
biopsies or diagnostic conization may be required to secure the diagnosis, a procedure 
that is sometimes reluctantly undertaken by the gynecologist, and only if the follow-up smears 
remain positive and the pathologist insists on further diagnostic procedure. Not uncommonly, 
the lesion is accompanied by abnormalities of endocervical epithelium and glands that 
have the features of adenocarcinoma in situ (see Fig. 11-53C and Chapter 12). The small- 
cell lesion is the precursor of invasive cancer composed of small- or medium-sized cells 
that may have endocrine features. Because of the problems with cytologic detection of 
these lesions, they are often discovered in invasive stage and are thought to have rapid 
progression (see below). 

Cytology 

This group of lesions, corresponding to the “classic” carcinoma in situ, is characterized 
primarily by very small cancer cells with scanty, often barely visible, usually basophilic, 
rarely eosinophilic cytoplasm, occurring singly and in clusters (Figs. 11-57, 11-58 and 11- 
59). The single, dispersed cancer cells have relatively large, hyperchromatic, coarsely 
granular nuclei that usually show irregularity of contour. Cells with “pale” nuclei may 
also occur (“pale dyskaryosis”) (see Fig. 11-35C). In some cases, large nucleoli may be 
observed, but this is not a common finding. Because the cells are very small (10 to 15 pm in 
diameter), an examination under the high power of the microscope is often needed for the 
recognition of the nuclear abnormalities (see Figs. 11-57C, 11-58C). The small cancer cells 
may show mucus-containing cytoplasmic vacuoles, confirming their kinship with 
endocervical epithelium (see Fig. 11-35A). 

Equally important for the diagnosis is the presence of tightly knit cell clusters, sometimes 
incorrectly referred to as “syncytia” (see Figs. 11-57B,C, 11-58A, and 11-59B). The number 
of clusters depends on the technique of cytologic sampling; in smears obtained by cervix 
scraper, the clusters may be few but, with the use of an endocervical brushing instrument, 
clusters are usually numerous. The recognition of the nature of the clusters may also require 
the use of the high power of the microscope. If the centers of the clusters are too dense for 
analysis, the periphery will virtually always disclose the characteristic nuclear features 
of the small cancer cells. 
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Figure 11-55 Atypical metaplastic cells preceding HGSIL. A Metaplastic cells with 
nuclear abnormalities. B. Cells with similar characteristics forming a cluster. C. Small 
cancer cells observed one year later. D. Biopsy obtained after second smear, showing a 
HGSIL. 





Figure 11-57 HGSIL composed of small cells. AB. Clusters (“syncytia”) of very small 
cancer cells easily overlooked on screening. C. High-power view of the cluster shown in B 
to document coarse chromatin pattern and the presence of nucleoli. D. Tissue lesion 
corresponding to A-C, showing a small-cell HGSIL that extended into endocervical glands. 



It must be stressed that this type of high-grade lesion is, by far, the most difficult cervix 
lesion to identify in cytologic preparations, if the observer is unaware of the small size and 
microscopic characteristics of cancer cells. Errors occur when such cells are mistaken for 
leukocytes, plasma cells, small macrophages (histiocytes), small clusters of benign 
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metaplastic or endometrial cells. The last error may occur in brush specimens, when the 
instrument is inserted too deeply into the endocervical canal. Other sources of error include 
atypical lymphocytes, such as observed in follicular cervicitis (see Chap. 10), cells of 
malignant lymphoma, or metastatic cancer composed of small cells (see Chap. 17). Mitchell 
and Medley (1995), in a careful comparative study, documented that the small-cell malignant 
lesions are the main cause of false-negative smears. Small-cell lesions, missed on 
screening or misinterpreted, are the most common reason for legal cases against 
laboratories. In several personally observed cases, the failure to identify the small cancer cells 
led to invasive cancer within a few years. 

The diagnostic dilemmas are not necessarily limited to cytologic presentation. Biopsies may 
also be the cause of diagnostic delays. A case in point is the patient shown in Figure 1 1 -59, 
whose cytologic diagnosis of small-cell carcinoma (Fig. 11-59AB) resulted in a first biopsy 
showing herpetic cervicitis (Fig. 11-59C), which was accepted as the cause of an erroneous 
cytologic interpretation. One year later, after another positive smear, the biopsy was repeated, 
disclosing a superficially invasive squamous carcinoma (Fig. 11-59D). We also observed cases 
with small fragments of carcinomas, either missed in the biopsy material or misinterpreted as 
“metaplasia,” particularly in scanty endocervical curettings. 

Similar small malignant cells may be observed in the so-called tubal metaplasia. As discussed 
in Chapter 10, 
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the presence of such cells strongly suggests the presence of a malignant process involving 
the ciliated epithelium (Fig. 11-60). 




Figure 11-58 HGSIL composed of small cells. AB. Clusters of tiny cancer cells that are 
easily mistaken for leukocytes or endometrial cells or may be entirely overlooked on 
screening. C. Cluster shown in B under high magnification to document granularity of 
chromatin and the presence of nucleoli. D. The histologic features of the corresponding 
tissue lesion composed of small cells with extension to endocervical glands. 



Mixed Types of High-Grade Squamous Intraepithelial Lesions 
Clear-cut cytologic identification of the three principal types of high-grade lesions is not always 
possible. Intermediate and mixed forms may occur. The presence of dysplastic 
(dyskaryotic) squamous cells of the superficial and intermediate variety, next to the 
small cancer cells, is suggestive of a simultaneous involvement of the transformation 
zone and of the squamous epithelium of the portio by a lesion composed of larger 
cells that may be either low- or high-grade. Another important and not unusual combination 
is that of an epidermoid carcinoma in situ and endocervical adenocarcinoma, to be 
discussed in Chapter 12. 

RAPIDLY PROGRESSING PRECANCEROUS LESIONS 

Within recent years, sporadic observations were reported on rapidly evolving invasive 
carcinomas of the uterine cervix, usually developing in young women within a year or two after 
a negative cervical smear (summary in Hildesheim et al, 1999). Consequently, several 
observers suggested that, in some women, invasive cancer of the cervix develops rapidly, 
without going through a detectable precancerous stage. In my judgment and experience, this 
concept is not correct. Provided that prior cytologic samples were reasonably adequate, review 
of the previous “negative” cytologic samples nearly always reveal at least a few abnormal 
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cells. Quite often, there is substantial evidence of a precursor lesion or cancer that was either 
missed on screening or misinterpreted. Although it may be true that some precancerous 
lesions of the uterine cervix, such as a small-cell carcinoma in situ, may have a 
relatively short evolution of perhaps 5 years, they are usually detectable in cervical 
cytologic samples for some years before invasion occurs. This has been documented in 
a multi-institutional study of high-grade lesions wherein it has been shown that cancer cells 
were present in a substantial proportion of previously “negative” smears (Koss et al, 1997). 
Several other papers and evidence addressing the issue of “false-negative” smears in women 
developing high-grade lesions or invasive cancer are discussed below. Similar observations 
were reported by Wain et al (1992) who denied the existence of “rapid onset 

cancer” by finding cancer cells on review of previous “negative” smears. 



P.347 




Figure 11-59 HGSIL composed of small cells missed on first biopsy. A,B. Clusters of 
small cancer cells observed in the original smear. C. Endocervical biopsy showing herpetic 
endocervicitis with ulceration. This was followed by another positive smear and another 
biopsy one year later. The second biopsy (D) showed invasive squamous carcinoma. 



INTERVAL CANCERS 

Aconcept similar to “rapidly progressing lesions” is interval cancers, that is, carcinomas of the 
uterine cervix, occurring after a negative screening result. Mitchell et al (1990) reported on 138 
such patients developing invasive cancer of the cervix within 36 months after one or more 
negative cervical smears. On review of the negative smears, all but 1 1 .9% showed either 
evidence of cytologic abnormality or suboptimal sampling (absence of endocervical or 
metaplastic cells). Thus, the concept of “interval cancer” is not 
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valid in most cases, as it is caused, as the “rapid onset cancer,” by failures of the 
screening system. 




Figure 11-60 A malignant lesion arising in a focus of tubal metaplasia of the 
endocervix. A The smear pattern composed of medium-sized cancer cells. B. 
Endocervical biopsy with a striking number of mitotic figures. 



SPECIAL CYTOLOGIC PRESENTATIONS OF SQUAMOUS INTRAEPITHELIAL 
LESIONS 
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Cytolysis 

Extensive cytolysis caused by Lactobacillus (Doderlein) (see Chaps. 8 and 10) may destroy 
the cytoplasm of the abnormal cells to the point where the nuclei of such cells are 
surrounded only by a narrow rim of residual frayed cytoplasm (see Fig. 11-66). Cytolysis is 
most commonly observed during pregnancy but may also occur in a nonpregnant woman (Fig. 

11-61). The cells most commonly affected are intermediate squamous dysplastic 
(dyskaryotic) cells, although occasionally, larger, more mature squamous cancer cells 
may be so affected. The cytologic diagnosis may prove very difficult under these 
circumstances and is based mainly on comparison of nuclear sizes and degree of nuclear 
hyperchromasia between normal and abnormal nuclei. 

Postmenopausal Atrophy 

Most lesions observed in this age group are high-grade intraepithelial squamous lesions 
(HGSIL) or invasive carcinoma. As discussed in Chapter 8, the interpretation of atrophic smears 
is a common source of diagnostic difficulty. Atrophy of the vaginal and cervical epithelia and the 
resulting changes in cell pattern caused by dryness have a major impact on neoplastic cells. 

The crisp appearance of the well-preserved dysplastic or cancer cells is often lost and 
the cells appear enlarged and smudgy. Their nuclei, flattened and spread over a larger 
area, lose some or all of their hyperchromasia and appear relatively pale, and often 
their internal structure is no longer discernible (Fig. 11-62). The diagnosis is reached 
mainly by careful comparison of the abnormal cells with adjacent dry, but normal, squamous 
cells and an assessment of the relative nuclear hyperchromasia and altered 
nucleocytoplasmic ratio. Using a readily recognized landmark (such as a polymorphonuclear 
leukocyte) to compare with abnormal cells, is also helpful in estimating the degree of cellular 
and nuclear enlargement. In most such cases, a careful review of the entire preparation will 
usually reveal a few well-preserved cancer cells, clinching the diagnosis. 




Figure 11-61 A,B. Carcinoma in situ in cervical smear of a patient in the 8th month of 
pregnancy. Note the extensive cytolysis. 



Rarely, LGSILs may occur in postmenopausal women, sometimes at age 80 or even 90. 

Cytologic samples in such cases may display koilocytes and, hence, the features of the 
permissive human papillomavirus (HPV) infection (Fig. 11-63). It is not known whether the 
presence of active viruses represents a newly acquired infection, somewhat unlikely but not 
impossible, in patients of any age, or a persistence or a reactivation of an old, occult infectious 
process, as discussed in Part 1 of the chapter. In keeping with my experience, Rader et al 
(1999) reported that, in women age 55 or older, low-grade squamous neoplastic lesions of the 
cervix are relatively uncommon and may be represented in smears only by atypical 
cells (ASCUS). 

Occasionally, a markedly atrophic benign smear with extreme degree of cell distortion 

(including the presence of elongated, spindly squamous cells) may suggest the presence of 
cancer, even to an experienced observer (see Chap. 8). Under these circumstances, a 
comparison of nuclear sizes among the epithelial cells is necessary. If the nuclear sizes of 
the suspect cells are identical or closely similar to those of other, clearly benign cells, the 
diagnosis of carcinoma is not warranted. If some of the suspect cells in the smear show 
considerable nuclear enlargement and hyperchromasia, the possibility of a malignant lesion 
may be entertained. An atrophic smear may also contain the benign “blue bodies” (see Chap. 

8), which may imitate cancer cells to perfection. 

In spite of the accumulated experience, there are situations where lingering doubts will persist 
as to whether an atrophic smear is benign or contains cells suspicious of cancer. In such 
uncommon cases, there are several approaches available. Perhaps the simplest solution is to 
refer the patient for colposcopic evaluation and possible biopsies. Alternately, 
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the patient may be given a short course of estrogens and the smear repeated after 
restoration of the epithelium, as discussed in Chapter 9. This latter procedure carries with it the 
risk of a false-negative second smear in the presence of an important lesion, as will be set forth 
below. The role of HPV testing in such situations has not been determined but may perhaps 
be useful (see below). 





Figure 11-63 A,B. Dysplastic (dyskaryotic) cells and koilocytes in a smear from a 
woman age 90 receiving estrogens. The smear with estrogenic pattern contains several 
koilocytes with enlarged dark nuclei and perinuclear halos. 



Interpretation of Biopsies in Postmenopausal Women 

High-grade precursor lesions may present a problem of recognition, not only in cytologic 
samples, but also in biopsies. Most of the high-grade lesions in biopsies are 
morphologically identical to those seen in young women. In a number of such cases, 
however, the lesions undergo 
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atrophy, in keeping with the general atrophic status of the epithelia of the lower genital 
tract. In such women, the smears may contain fairly well-preserved and recognizable dysplastic 
(dyskaryotic) and cancer cells, whereas the tissue biopsies show effects of atrophy. In 
some cases, only fragments of atrophic CIN may be observed (Fig. 11-64). In other cases 
with clearly positive smears, the atrophic malignant epithelium in biopsies mimics squamous 
metaplasia (Fig. 11-65). The spacing of the abnormal nuclei increases and there is no nuclear 
overlap, usually observed in younger women. The atrophy may even extend to endocervical 
glands (Fig. 11-65D). We have also observed cases of HGSIL in postmenopausal women 
wherein the smear contained strips and fragments of malignant epithelium removed by 
energetic sampling. The biopsies in such cases may show only denuded surface or small 
fragments of atrophic malignant epithelium difficult to interpret and consid ered a “crushing 
artifact.” Such events may be interpreted as “false-positive smears" (see below). 

Some epithelial abnormalities occurring predominantly in postmenopausal women with 
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suspicious cytologic findings were described in histologic material as transitional cell 
metaplasia (Egan and Russel, 1997; Weir et al, 1998). In these lesions, the characteristic 
features of the urothelium, discussed at length in Chapter 22, have not been documented, 
beyond a vague morphologic similarity. In biopsies of such lesions, the nuclear 
abnormalities are evident but are not striking and there is some flattening of the surface, 
vaguely reminiscent of the urothelium. On further search, more classical high-grade lesions 
usually can be identified either on recuts or in adjacent segments of the epithelium. In my 
experience, the “transitional cell metaplasia” represents atrophic HGSIL in most, if not 
all, cases. As is shown in Figure 11-66, these lesions are capable of progression to 
invasive cancer. Interestingly, the smears in such cases may or may not show atrophic 
changes but virtually always show abnormal cells. For comments on vaginal lesions in 
postmenopausal women with atrophic smears, see Chapter 14. 




Pregnancy 

The cytologic diagnosis of squamous intraepithelial lesions in pregnancy may 
represent a challenge, for reasons discussed and illustrated in Chapters 8 and 10. 

Abnormalities caused by the presence of decidual cells, the Arias-Stella phenomenon, 
or florid, atypical squamous metaplasia may be mistaken for malignant processes. On 

the other hand, pregnancy, which nearly always places the woman under the care of a 
physician, is a particularly beneficial time to search for cervical cancer. This is especially true of 
multiparae, who were shown on several epidemiologic 
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surveys to be more apt to develop cervical cancer than nulliparae. 




Figure 11-65 Another example of a HGSIL occurring in a postmenopausal woman 
with epithelial atrophy. A,B. Clusters of cancer cells. C. Astrip of atrophic CIN that may 
be mistaken for metaplasia. D shows that the atrophy extended to the endocervical glands. 



601 / 3276 



Koss' Diagnostic Cytology & Its Histopatholdtjlie Ba|£Hsri6ttsEi±rcinoma of the Uterine Cervix and Its Precursors 



In the 1950s, several observers reported that precursor lesions, diagnosed by biopsy as 
carcinomas in situ during pregnancy, could not be found postpartum, leading to the suggestion 
that these lesions were not “true” in situ cancers but “an epithelial alteration associated with 
pregnancy and similar to in situ carcinoma” (Schleifstein, 1950; Nesbitt and Heilman, 1952). 
Subsequently, Marsh and Fitzgerald (1956), Greene and Packham (1958) and many others, 
demonstrated that carcinoma in situ (HGSIL), observed during pregnancy, is identical to 
lesions in nonpregnant women. Personal observations support these latter views. In some 
patients with precancerous lesions followed for several years, pregnancy occurred while the 
patient was under observation (Koss et al, 1963). There was no substantial regression of the 
lesions (see Fig. 11-27), a view shared by Boutselis (1972). In a major review by Hacker et al 
(1982), the similarity of the precursor lesions and of invasive cancer in pregnant and 
nonpregnant women was confirmed. Coppola et al (1997) observed persisting CIN II or III in 20 
of 25 women post-partum. Inexplicably, a paper by Yost et al (1999) revived the old controversy. 

These authors, reporting on 153 pregnant patients, observed regression of about 70% of 
precancerous lesions after delivery. 

In my judgment, the association of precursor lesions of cervical cancer with pregnancy 
is purely coincidental. It is entirely consistent with our present knowledge of behavior of 
precancerous lesions, to believe that biopsies of the cervix, the trauma of delivery, or 
instrumentation may well account for the disappearance of some of these lesions. Because 
pregnant women are immunosuppressed to some extent, the high frequency of transient HPV 
infection (with subsequent recovery) may account for some of these observations (see Part 1 of 
the chapter). 

Conservative approach to the evaluation and treatment of precursor lesions observed during 
pregnancy was stressed in a major contribution from Sweden by Hellberg et al (1987). Jain et al 
(1997) considered progression of LGSIL to HGSIL to be unusual during pregnancy and also 
advocated conservative approach to treatment. 

Although the treatment of precursor lesions can usually be postponed until post- 
partum, in rare cases, I observed a rapid progression of such lesions to invasive 
cancer (Fig. 11-67). Therefore, if conservative approach is chosen, a very careful 
surveillance of pregnant patients with abnormal smears and biopsies is advocated. 

Lesions in Teenagers 

Sexually active adolescent girls and very young women may harbor precancerous 
lesions of the uterine cervix 
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and occasionally invasive carcinoma. The prevalence of histologically confirmed 
precancerous lesions in young patients varied from 2.7 per 1 ,000 to as high as 24.3 per 1 ,000 
(Table 11-10) and, to my knowledge, has not changed in recent years. Studies of sexually 
active young women strongly suggest that this group of women often harbor an active HPV 
infection of low- and high-risk types that is usually transient (see Part 1 of the chapter). 

Thus, HPV testing of this group of patients is not reliable and should not be used to 
identify patients at high risk. The discovery of precancerous lesions and cancer in this 
group must rest on cytologic and histologic findings. Other sexually transmitted diseases, 
such as trichomoniasis, gonorrhea, and herpes, may be uncovered in such patients. 




Figure 11-66 Examples of atrophic malignant epithelium mimicking the so-called 
transitional cell metaplasia. A,B. Sheets of atrophic epithelium with minimal nuclear 
abnormality. C. Adjacent fragments of epithelium showing atrophic CIN. D. Afocus of 
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invasive carcinoma adjacent to C. (Case courtesy of Dr. C.M. Lombard, Los Altos, CA.) 



In a study performed in our laboratories at Montefiore Medical Center, biopsy-confirmed 
cytologic abnormalities suggestive of CIN grade I or II were observed in 14 (3.4%) of the 403 
delinquent girls ages 12 to 16, detained in custody of law-enforcement, who agreed to be 
tested. Twelve of the 14 abnormal smears contained koilocytes, hence, evidence of permissive 
human papillomavirus infection (Hein et al, 1977). It was of particular interest that the period of 
sexual activity preceding CIN was exceedingly short, only a few months in some girls and less 
than two years in others, again consistent with HPV infection. No follow-up information could be 
obtained on these patients. Rader et al (1997) also reported a high rate of “dysplasia” in young 
women with cytologic diagnosis of ASC-US. 

Lesions in Immunodeficient Women 

Infection with human immunodeficiency virus (HIV 1) and AIDS are additional risk 
factors for very young women. Maiman et al (1990, 1991) reported a high rate of cervical 
lesions, and even invasive cancer, in very young patients with impaired immunity caused by 
these conditions and resulting in an altered CD4 to CD8 lymphocyte ratio. Similar observations 
were reported by Feingold et al (1990), Wright et al (1994), and Ellenbrock et al (2000). 

MICROINVASIVE CARCINOMA 

Definition and Clinical Data 

Microinvasive carcinoma was initially defined by the International Federation of Gynecologists 
(FIGO) as a clearly invasive epidermoid carcinoma of the uterine cervix in which the depth of 
invasion of the stroma did not exceed 5 mm. Subsequent careful studies by Van Nagell (1983) 
established that 

P.353 

lesions with invasion deeper than 3 mm were capable of metastases. Hence, the current 
definition of microinvasive carcinoma, recommended by the Society of Gynecologic 
Oncologists, is invasive cervical cancer with depth of stromal invasion not greater than 
3 mm (Fig. 11-68). I feel that the above definition is deficient because it does not address the 
issue of the volume of microinvasion. If the invasion is limited to one or two tongues of 
cancerous tissue penetrating into the stroma, metastases do not occur. If, however, there 
are multiple points of penetration into the stroma, even if the invasion is limited to 2 
mm, metastases to pelvic lymph nodes occasionally may be observed and the lesion 
must be considered and treated as an occult invasive carcinoma of the cervix. Ng and Reagan 
(1969) reported that unicentric invasion in microinvasive carcinoma was observed in only 7.5% 
of cases. 




Figure 11-67 Progression of HGSIL to invasive carcinoma during pregnancy. A 

Smear obtained during the second month of pregnancy showing a few scattered dysplastic 
cells. B. Smear obtained during the 4th month of pregnancy showing a cluster of cancer 
cells. C. Biopsy obtained immediately following the smear shown in B showing a well- 
differentiated HGSIL. There was no evidence of invasion. D. The patient received a 
Caesarean section in the seventh month of pregnancy. At that time, cervical biopsies 
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showed an invasive carcinoma. 



The decision as to whether or not a precancerous lesion is invasive is sometimes very 
difficult in biopsy material, particularly when dealing with lesions with “pushy” borders. Several 
studies from our laboratories examined potentially useful markers to determine invasion in SIL 
(squamous intraepithelial lesion). Thus, Iskaros and Koss (2000) studied the expression of the 
matrix protein tenascin and suggested that its increased expression may be suggestive of 
invasion. Oktay et al (2003) studied focal adhesion kinase (FAK) with similar results. In the 
cases studied by Oktay, the expression of human papillomaviruses type 16 or 18 was not 
related to the expression of FAK. 

Microinvasive carcinoma is generally asymptomatic, does not produce visible changes 
on the surface of the cervix and, therefore, its discovery is incidental to the search for 
precursor lesions. Ng and Reagan reported that 
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the average age at the time of discovery of microinvasive carcinoma is 6 years less than for 
fully invasive cancer. By serial or step sectioning of tissue blocks with precursor lesions, a 
number of unsuspected microinvasive carcinomas may be uncovered, ranging from 4.7% 
(Killackey et al, 1986), to 6% (Fidler and Boyes, 1959), to 8.4% (Ng and Regan, 1969). Such 
lesions are generally considered to be of biologic interest rather than practical 
importance because they can be successfully treated by LEEP (loop electrosurgical excise 
procedure) conization. 




Figure 11-68 A,B. Examples of microinvasive carcinoma. 



Cytology 

In 1972, Ng et al suggested that a cytologic diagnosis of microinvasive epidermoid carcinoma of 
the uterine cervix can be made with a high degree of accuracy. These observers reported the 
following cytologic criteria of microinvasion based on a study of 52 patients: 

■ Presence of inflammation and necrosis (“tumor diathesis”) in two-thirds of the cases 

■ Occurrence of most (75%) malignant cells in aggregates (“syncytia”) 

■ Irregular distribution of nuclear chromatin in 50% of the cancer cells 

■ Presence of prominent nucleoli in 20% of the cancer cells 

The same authors performed a planimetric study of cancer cells in microinvasive carcinoma, 
compared with cells from carcinoma in situ and fully invasive carcinoma. A number of features 
including cell area, nuclear area, several nuclear descriptors, and the total number of nucleoli 
per cell were intermediate between the two other lesions. 

Subsequent studies were conflicting as to whether cytologic features are reliable in separating 
microinvasive carcinoma from a high-grade precursor lesion or invasive cancer. Thus, Rubio 
(1974) was unable to confirm Ng's data, whereas Nguyen (1984) was in partial agreement. In a 
more recent study of cervical smears in 28 patients with microinvasive carcinomas from the 
Netherlands, 2 lesions were missed, 3 were diagnosed as LGSIL (CIN I or II), 15 as HGSIL (CIN 
III), and 8 as “carcinoma" (Kok et al, 2000). There are no studies of this topic using liquid 
collection method. 

Microinvasive carcinomas, in which the invasion is confined to one or two tongues of cancerous 
tissue invading the stroma, particularly those originating from low-grade lesions, are extremely 
unlikely to shed specific cell types suggestive of early invasion. The lesions, with multiple 
foci of superficial invasion, may occasionally show smear patterns that are 
intermediate between a high-grade lesion (HGSIL) and invasive carcinoma. Such 
smears often contain a large number of dysplastic (dyskaryotic) and cancer ceils, 
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corresponding to a large lesion, and evidence of necrosis and inflammation. One can 
also encounter, in such smears, bizarre cell forms and a relatively large number of cancer 
cells with prominent nucleoli, especially if the lesion is of endocervical derivation. For many 
years now, smears of this type have been classified in our laboratories as “squamous” or 
“epidermoid carcinoma — cannot rule out invasion," presumably an equivalent statement to Ng's 
“microinvasive carcinoma.” The histologic findings in such cases were variable; about half of 
the patients harbored HGSIL without invasion, whereas in the remaining cases, varying 
degrees of invasion, including rare fully invasive carcinomas, were observed. Thus, in my 
experience, the cytologic concept of microinvasive carcinoma has limited validity in the 
day-to-day practice of diagnostic cytology. 

INVASIVE SQUAMOUS CARCINOMA 

Clinical Data and Indications for Cytologic Sampling 

The prognosis of invasive cancer of the uterine cervix depends on stage of the disease 
(see Table 1 1 -3). The prognostic significance of tumor grade is less secure, although high- 
grade tumors are likely to be more aggressive. Invasion of lymphatics, metastases to regional 
lymph nodes, and invasion of blood vessels, may occur in all types of cervical cancer and is 
considered to be of unfavorable prognostic significance. A prognostically favorable feature 
in stage I tumors is the presence of lymphocytic infiltrate in the stroma (Sidhu et al, 1970). 

Because women with low stages of the disease have a much better chance of survival than 
those with more advanced carcinomas, the discovery of the lesion in the earliest possible time 
is important to the patient. 
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Hagmar et al (1995) correlated prognosis with types of human papillomaviruses; patients with 
HPV types 18 or 33 had a poorer prognosis and shorter survival than patients harboring other 
high-risk types of the virus. 

Contrary to precursor lesions, which are usually not evident on visual speculum examination 
and require colposcopic identification, advanced invasive cancers of the uterine cervix 
usually produce grossly visible changes in the form of ulceration or a tumor of the cervix. 

Application of cytologic techniques to the diagnosis of clinically obvious invasive carcinoma is a 
diagnostic luxury since these lesions should be diagnosed by biopsy. However, many 
women are now first seen by family physicians or nurse-practitioners who may not have the 
same familiarity with the clinical presentation of invasive cancer as trained gynecologists. 

Consequently, some invasive cancers may pass unrecognized on clinical examination. In such 
situations, listening to the patient is very important: many women with early invasive 
cancer report bleeding, spotting, or dyspareunia. Still, some invasive cancers, particularly 
those of low stage with intact surface and those originating in the endocervical canal, 
may fail to produce obvious gross changes and may be unrecognized, even by an expert 
eye. An “erosion" or a reddened cervix bleeding on touch, often with some discharge, may be 
observed, and the diagnosis of “cervicitis” or “friable cervix” is rendered. In these 
situations, a cytologic sample may prove to be life-saving by establishing the initial diagnosis 
but, as is common in invasive cancer, the method may fail, resulting in a further 
diagnostic delay. In many of the legal cases on behalf of women with severe damage to their 
health or even loss of life caused by cancer of the cervix, failure to biopsy the relatively 
inconspicuous abnormalities was followed by a failure of cytologic examination. 




Figure 11-69 Invasive squamous carcinomas of cervix. A Well differentiated 
carcinoma (grade I) with formation of large keratin deposits. B,C. High-grade squamous 
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intraepithelial lesion with numerous koilocytes with transition to invasive carcinoma of 
similar configuration. D. Grade II squamous cancer. 



Adenocarcinomas and their variants are discussed in Chapter 12. 

Histology 

Invasive squamous cancer generally follows the patterns of the precursor lesions and may be 

classified histologically into three main groups: 

■ Well-differentiated (grade I), pearl-forming, keratinizing squamous carcinoma (Fig. 11- 
69A). Keratin formation is the dominant feature of these tumors, which are otherwise 
composed of typical squamous cancer cells. As is the case with keratin-forming precursor 
lesions, most of these cancers originate in the surface squamous epithelium of the 
cervix and are preceded by low-grade 
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precursor lesions. In some of these tumors, conspicuous koilocytes may be observed (Fig. 
11-69B,C). Occasionally, invasive squamous cancers may originate in quasi-normal 
squamous epithelium (Fig. 11-70). Morrison et al (2001), in describing such rare lesions, 
noted their aggressive behavior and lack of association with human papillomavirus. A rare 
variant of squamous cancer is the verrucous carcinoma that may grossly resemble giant 
condylomata acuminata of Lowenstein-Buschke type of penile lesions (see Part 1 of the 
chapter). These tumors, which very rarely metastasize but may be deeply invasive, show 
only slight nuclear abnormalities (Fig. 11-71 D) and have a relatively benign course after 
treatment (Morrison et al, 2001). 
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■ Medium-sized cell squamous (epidermoid) carcinoma, grade II, derived from high- 
grade lesions of metaplastic type (Fig. 1 1-72D). The tumors are composed of sheets of 
cancer cells of relatively monotonous appearance but often contain foci of 
keratinizing squamous cancer, not evident in the precursor lesion (see Fig. 11-67). 

■ Small cell carcinoma, grade III, derived from precursor lesions composed of small cells 
(Fig. 11-73D). The cancer cells are either arranged in nests separated by connective tissue 
septa or diffusely infiltrate the stroma. Some of these tumors have endocrine function, 
which is occasionally reflected in the formation of rosette-like structures. Still, electron 
microscopy and immunochemistry are required to establish their identity. In rare cases, the 
tumors may be hormone-producing. Thus, Kothe et al (1990) reported such a tumor 
secreting antidiuretic hormone, lemura et al (1991) reported a case of Cushing's 
syndrome caused by a small-cell cervical carcinoma secreting ectopic adrenocorticotropin 
hormone. In a recently reported case, hypoglycemia was observed in a young patient with 
an insulin-secreting cervical carcinoma (Seckl et al, 1999). Watanabe et al (2000) reported a 
case secreting granulocyte-colony stimulating factor in a 70-year-old woman with marked 
leukocytosis. Herrington et al (1999) reported that, in many tumors of this type, there is a loss 
of retinoblastoma (Rb) gene expression. Invasive squamous carcinomas may be either 
“pure,” composed of cells of only one type, or “mixed,” containing several types of cancer 
side by side. For example, focal keratinization with pearl formation and focal gland 
formation may occur in medium- or small-cell cancers. Some of the invasive cancers may 
show unusual patterns, discussed in Chapter 17. 
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Figure 11-70 Invasive squamous carcinoma. An example of invasive squamous 


carcinoma (A) derived from a nearly normal surface epithelium ( B ). 
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Figure 11-71 Invasive squamous carcinoma. A,B. Extraordinary variety of squamous 
cancer cells in a SurePath. C,D. Verrucous carcinoma of cervix. C shows atypical 
squamous cells that are characteristic of this disorder. The abnormality is limited to nuclear 
enlargement with slight hyperchromasia. D shows a biopsy of the cervical lesion with 
markedly keratinized surface. 




Figure 11-72 Invasive squamous carcinoma represented by medium-sized cancer 
cells. A The dense cluster is composed of cancer cells of medium size. At the periphery of 
the cluster, some of the cancer cells are of columnar shape, an indication of endocervical 
origin. Note nuclear abnormalities. B. High magnification to show “naked” large cancer cell 
nuclei from an invasive carcinoma composed of medium-sized cells. C. Scattered cancer 
cells of medium size corresponding to the invasive carcinoma shown in D. 



Some of the difficulties in cytologic recognition of invasive squamous cancer were 
illustrated by a study of 43 such lesions from the Netherlands. Seven of the smears were 
considered to be negative on screening, 6 were reported as low-grade lesions, 15 as high- 
grade lesions, and only 15 smears were reported as invasive cancer. On review, 4 of the 
missed smears consisted only of inflammatory exudate, necrotic debris, and blood, in which no 
cancer cells could be identified. In three remaining missed cases, the evidence of cancer was 
very scanty and limited to a few cancer cells hidden in exudate. The classical features of 
invasive cancer 

P.358 

were absent in most smears diagnosed as precursor lesions (Kok et al, 2000). Similar 
observations were reported by Levine et al (2003). 
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Figure 11-73 Invasive squamous carcinoma composed of small cancer cells. A B. 

Clusters of tiny cancer cells easily overlooked on screening. C. A high-power view of one 
of the clusters showing irregular nuclear contour and granulation of chromatin. D. Tissue 
pattern corresponding to A-C. 



Cytology 

The cytologic diagnosis of invasive squamous carcinoma is often more difficult than that of 
precursor lesions, because the preparations may contain necrotic material, blood, and 
debris, obscuring the often poorly preserved cancer cells. The term “cancer diathesis” has 
been applied to such features, which are a reflection of necrosis of the surface of invasive 
tumor. In such instances, a careful examination of the preparation with frequent use of a high- 
power objective may be necessary to avoid errors of omission. Not all invasive cancers 
show “cancer diathesis,” particularly those in early stages without surface necrosis. In 
such instances, the cell sample may be difficult to interpret as invasive tumor. 

Dysplastic (dyskaryotic) cells, including koilocytes, may be present in cytologic 
preparations from invasive squamous carcinomas and are sometimes the only 
evidence of disease. These cells are derived from areas of precursor lesions on the margin 
of invasive cancer but may also originate from the surface of a well-differentiated invasive 
keratinizing carcinoma. However, the predominant abnormal cells are differentiated and 
undifferentiated cancer cells, displaying marked aberrations of the nucleus and the 
cytoplasm (see Figs. 11-72, 11-73; see also Figs. 11-37, 11-38 and 11-39). This heterogeneous 
population of cancer ceils is very characteristic of invasive cervical cancer (see Tables 11-8 
and 11-9). Cell necrosis, apoptosis, and aberrant mitotic figures may also be observed 
in cytologic preparations (see Fig. 11-39D). 

Another common feature of cytologic presentation of invasive cancer is the presence of large 
sheets of cells or fragments of tumor removed from the fragile surface, which are often too 
thick for a detailed microscopic study (see Fig. 11-72A). Nuclei stripped of cytoplasm (“naked 
nuclei”) are not uncommon (see Fig. 11-72B). In some cases, the large nuclei of cancer cells 
may be pale, bland, vesicular, and sometimes contain a single visible nucleolus (see Fig. 11- 
72C). The large fragments of tumor should never be ignored or dismissed but, rather, 
should be carefully examined, especially at their periphery (see Figs. 11-33C,D and 11-72A). 

The cytologic identification of the three principal patterns of invasive carcinoma in smears is 
sometimes possible but is of limited clinical value. However, certain basic differences in cell 
types may be observed. 

■ Keratinizing (squamous) carcinomas shed mainly differentiated, keratinized, squamous 
cancer cells, some of 
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which may closely resemble dysplastic (dyskaryotic) cells. Koilocytes may be present. In 
such tumors, squamous “pearls,” spindly cancer cells, tadpole cells, and other bizarre cell 
types are common (see Fig. 11-37). 

■ Keratinized debris (anucleated squames) may dominate the smear pattern (see Fig. 

11-39B). The extraordinary diversity of cell types and shapes can be very well 
documented in liquid preparations such as SurePath (see Fig. 11-71AB). 

It is sometimes very difficult to separate cytologically invasive carcinomas of this type from their 
noninvasive precursors in the absence of “cancer diathesis” because the cell populations may 
be so similar. Similar observations were reported by Levine et al (2003). 
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■ The rare verrucous squamous carcinomas of the cervix may be extremely difficult to 
recognize in the cytologic sample. The squamous cancer cells are often very well 
differentiated and mimic normal squamous cells, except for some cytoplasmic keratinization 
and nuclear enlargement and pyknosis (see Fig. 1 1 -71 C). Cases of this tumor type shedding 
obvious cancer cells were reported by Fentanes de Torres and Mora (1981) and by Barua 
and Matthews (1983). 

■ The extremely rare squamous carcinomas derived from quasi-normal surface epithelium 
cannot be recognized in cytologic preparations. 

■ The intermediate type of invasive carcinoma often combines the features of all types of 
cancer cells. In some of these lesions, dysplastic (dyskaryotic) cells of parabasal type, 
and medium-sized keratinized cancer cells predominate. In other lesions, 
undifferentiated cancer cells of medium sizes, singly and in clusters, form the bulk 
of the population of abnormal cells (see Fig. 11-72). “Naked” cancer cell nuclei showing 
coarse chromatin patterns are fairly common (see Fig. 11-72B). In the majority of lesions, 
there is a mixture of various cell types side-by-side. 

■ Small cell carcinomas usually shed a relatively monotonous population of undifferentiated, 
small malignant cells, occurring singly or in small clusters (Fig. 11-73). Small columnar- 
shaped cancer cells are not an unusual finding (Fig. 11-73A). Such cells may display 
cytoplasmic vacuoles and, when numerous, the sample can be misclassified as 
adenocarcinoma. In the endocrine variant of this tumor, arrangement of cancer cells in 
rosettes may be occasionally observed but this is a very rare finding. 

■ As is the case with high-grade precursor lesions of small cell type, this type of invasive 
carcinoma causes the greatest difficulties of recognition because of the small size of the 
abnormal cells, sometimes obscured by blood and debris. This problem was illustrated in a 
paper by Zhou et al (1998) in which the cervical smears in 7 of 12 such lesions were 
reported as negative. On review, cancer cells were found in 2 of the 7 negative smears. The 
issue is discussed further below in reference to accuracy of cervical samples. 

ATYPICAL SQUAMOUS OR GLANDULAR CELLS OF UNKNOWN 
SIGNIFICANCE: THE LEGACY OF THE BETHESDA SYSTEM 

Ever since the introduction of cytologic screening over half a century ago, it has been known 
that there are daily instances in practice when a cervicovaginal preparation contains a few cells 
with relatively slight nuclear or cytoplasmic abnormalities that are difficult or impossible to 
interpret accurately. In the past, the term atypia sometimes accompanied by a comment guiding 
the clinician in further investigation of the patient, Papanicolaou's class II or, rarely, class III 
diagnoses, were used in such instances. Regardless of the system of reporting, such 
diagnoses created problems of clinical handling and caused anxiety in patients. In most such 
instances, the problem could be resolved one way or another by follow-up smears or sometimes 
by colposcopy and biopsies. 

It must be stressed that some precursor lesions or invasive cervical cancer may be very difficult 
to recognize in smears with extensive inflammation and necrosis and may be represented 
by only a few abnormal cells. Some of these difficulties have been reduced by the use of liquid 
systems of processing. 

In the original, 1991 Bethesda System, these terms have been replaced by the terms atypical 
squamous cells of unknown significance (ASC-US) and atypical glandular cells of 
unknown significance (AGUS), thus condemning the term “atypical smear” and 
Papanicolaou's classification to the heap of history. It was suggested, in reference to the ASC- 
US diagnoses, that a preference should be expressed as to whether the smear pattern was 
probably benign (reactive) or probably malignant. It seems contradictory to the definition of 
“cells of unknown significance” to be further classified as either probably benign or 
possibly malignant. In fact, Malik et al (1999), among others, found the subdivision of ASC- 
US in low-and high risk groups to be of limited value. Still, the concept of ASC-US and AGUS 
was accepted as “national standard" in the United States by the governmental agency, Centers 
for Disease Control in Atlanta, Georgia. 

The 2001 Bethesda System modified these recommendations. ASCUS was subdivided into two 
categories: (1) atypical squamous cells of undetermined significance (ASC-US) and (2) 
atypical squamous cells, cannot exclude high-grade squamous intraepithelial lesion 
(ASC-H) (Sherman et al, 2004; Solomon et al, 2002; Solomon and Nayar, 2004). The ASC-H 
classification replaces the very useful old term “suspicious,” for smears with a small number 
of abnormal cells that, in the opinion of the cytopathologist, were insufficient for a diagnostic 
conclusion and required further clarification. No separate provisions were made in the 2001 
Bethesda System for ASC-US samples suggestive of, or suspicious of, LGSIL, 
apparently in the erroneous belief that such lesions can always be recognized or that 
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they are harmless manifestations of HPV infection. It was suggested that such cases 
should be included in the ASC-US category (Sherman et al, 2004). Pirog et al (2004) 
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reported that elimination of the category ASC-US-reactive improved the performance of her 
laboratory. 

The AGUS category was abolished and replaced with “atypical glandular cells of 
endocervical, endometrial, or unknown origin” that are either not further specified (NOS) 
or accompanied by a comment (Covell et al, 2004). 

The term ASC-US was defined by Kurman and Solomon in 1993 as the presence of 
intermediate squamous cells with nuclear enlargement 214 to 3 times above that of a 
normal cell, corresponding to the definition of karyomegaly, discussed in the early part of this 
chapter (see Fig. 11-30). The term AGUS was vaguely defined as “changes in the 
endocervical cells that are intermediate between benign abnormalities and cancerous 
changes.” The latter abnormalities are discussed above in reference to squamous lesions 
located in the endocervical canal, and again in reference to precursor lesions of 
adenocarcinoma in Chapter 12. The old definition of AGUS did not mention cells of endometrial 
origin, discussed in Chapter 13. 

Kurman and Solomon suggested in 1993 that the rate of ASC-US in a laboratory should not be 
higher than 2 to 3 times the rate of SIL. The source of this statement is not clear. However, in a 
survey of a large number of laboratories conducted by the College of American Pathologists, 
the rate of ASC-US was 2.8%, whereas the rate of SIL was 2.0% (Davey et al, 1996). In a 
subsequent survey, the rate of ASC-US rose to 5% (Davey et al, 2000). 

As discussed in reference to karyomegaly, the definition of ASC-US, as proposed by Kurman 
and Solomon, is difficult to apply because it is subjective and limited to large squamous cells. 

For example, the presence of 6 or more such cells may indicate the presence of a squamous 
neoplastic lesion, usually LGSIL. The terms ASC-L or “suspicious,” are lacking in the 
Bethesda System. This is important inasmuch as significant lesions may be hiding 
behind the relatively insignificant cell abnormalities, as documented above. Further, 
karyomegaly is not the only abnormality of note that may be difficult to interpret. 

The term ASC-H, as illustrated by Sherman et al (2004), apparently pertains to small 
dysplastic (dyskaryotic) cells that should have been recognized as malignant (see Fig. 11- 
34) and to metaplastic cells with enlarged nuclei that may be the precursor of high-grade 
lesions (see Fig. 11-38). To be sure, in some cases, particularly in liquid preparations resulting 
in dispersion of such cells, the firm diagnosis cannot be established and requires further follow- 
up. The old term “suspicious” or class III smears corresponded to such findings. 

Few events in the history of diagnostic cytology have had an impact as marked as the 
introduction of the terms ASC-US and AGUS. Dozens of papers have been published on this 
subject, mainly documenting that the definitions are too vague to be universally accepted 
and are not reproducible (Schiffman and Solomon, 2003; Confortini et al, 2003). Smith et al 
(2000) reported that a review of the Bethesda System Atlas by Solomon and Kurman (1993), by 
a panel of pathologists, did not improve the reproducibility or accuracy of classification of ASC- 
US. In fact, the terminology has contributed significantly to the cost of cancer detection 
by proposing expensive solutions, such as HPV testing (see below) that, so far, have not been 
shown to improve the detection system and reduce the mortality from cervix cancer in a 
documented fashion. 

There are several reasons for the diagnosis of atypical smears, or its current Bethesda System 
equivalents. Probably the most common cause for these diagnoses lies in the 
observer's lack of experience, timidity, or inability to identify accurately the cytologic 
patterns. Sherman et al (2003) reported that among 171 women with documented CIN III or 
cancer 123 or 72% had initial smears classified as ASC-US, strongly suggesting that either the 
screening or the interpretation of this material was faulty. Zonky et al (1999) noted that 77% of 
high-grade lesions and invasive cancer were found after “minor” smear abnormalities. The term 
is also used as a defensive measure to avoid a potential legal entanglement (Austin 2003). In 
2003, Schiffman and Solomon estimated 2 million cervical preparations will be classified as 
ASC-US in the United States. 

There are instances, however, in which the diagnosis is justified because of cell changes that 
are difficult to classify. Some sources of atypical smears encountered over the years are listed 
below. 

Abnormalities That Could Be Classified as ASC-US 

■ Karyomegaly: moderate or marked nuclear enlargement without marked hyperchromasia, 
limited to a few intermediate or large parabasal squamous cells (see discussion of 
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karyomegaly in the opening pages of the second part of this chapter) 

■ Cytoplasmic vacuolization in intermediate squamous cells, suggestive, but not diagnostic, of 
koilocytosis (see Fig. 11-31D) 

■ Pattern of advanced atrophy of the cervix and vagina, particularly in the presence of “blue 
bodies,” mimicking cancer cells (see Chap. 8) 

■ Inflammatory events, resulting in slight nuclear enlargement and pyknosis and slight 
irregularities of nuclear shape, such as observed in severe infestation with Trichomonas 
vaginalis or in herpetic infections (see Chap. 10) 

■ Metaplastic squamous cells with enlarged nuclei (see Chap. 10) 

■ Pattern of abnormal keratinization of squamous cells 

Abnormalities That Could Be Classified as Atypical Endocervical Cells (Former 

AGUS) 

■ Endocervical cells with nuclear enlargement, slight hyperchromasia and enlarged nucleoli 
(see also Chaps. 10 and 12) 

■ Acute inflammatory and reactive phenomena in the epithelium of the endocervix, resulting in 
patterns of “repair” or florid metaplasia (see Chap. 10) 

■ Atypical, florid metaplasia (see Chap. 10) 

■ Thick clusters of endocervical cells (brush effect), difficult to classify (see Chap. 8) 
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What Should Not Be Classified as ASC-US or AGUS? 

Over the years, we have seen a number of cervical smears diagnosed as “atypia,” ASC-US, or 
AGUS, that did not merit this classification because they represented definitive lesions. Some of 
these findings were: 

■ A significant number of cells with karyomegaly (more than six in my experience) or related 
well-differentiated dysplastic superficial or intermediate squamous cells — such smears should 
be diagnosed as LGSIL 

■ Heavily keratinized squamous cells with somewhat enlarged, pyknotic nuclei that usually 
represent a kerat-informing malignant process 

■ Small dysplastic (dyskaryotic) cells, sometimes mimicking metaplastic cells, which should be 
classified as HGSIL 

■ Dense clusters (“syncytia”) of small or large dysplastic (dyskaryotic) cells or cancer cells that 
represent a HGSIL or even invasive cancer 

There are also benign abnormalities, discussed in Chapters 8 and 10, that may mimic a 
malignant lesion. Chief among them are: 

■ Pregnancy changes (see Chap. 8) 

■ Atrophic smears with atypia caused by dryness or containing “blue bodies” 

Follow-up Studies of ASC-US, AGUS, or “Atypical Smears” 

Before the introduction of the terms ASC-US and AGUS, there were several follow-up studies 
of patients with atypical smears. As early as 1976, Melamed and Flehinger reported a follow- 
up study of 1 ,973 women attending the Planned Parenthood clinics in New York City with 
“atypias” of squamous cells in cervicovaginal smears. The “atypias” were defined as 

abnormalities of squamous cells not attributable to inflammation, yet not sufficient to 
establish the diagnosis of a neoplastic lesion. The results documented that “atypia” was 
a risk factor in the development of precancerous lesions of the cervix. The probability of 
a neoplastic event in these women was calculated at 5 to 10 times higher than for women with 
negative smears. Women with two sequential atypical smears had an approximately 10 
times higher probability of subsequent CIN. 

The limited clinical value of the term atypia was brought sharply into focus by several older 
clinical studies. Scott (1964) and Nyirjesy (1972) recognized that hiding behind this terminology 
was a broad variety of important neoplastic events such as CIN, and occasionally, invasive 
cancer. Benedet et al (1976) reported that, among 320 patients with “Class II” smears (a 
numerical equivalent of benign atypia) there were 1 35 (42%) “dysplasias” of various degrees 
and 83 (25%) carcinomas in situ. Jones et al (1987) found 25% of CIN in 236 patients with 
diagnosis of “atypical” smears. Frisch et al (1987, 1990) pointed out that 12% of cervical 
smears from 200 young college students, diagnosed as “inflammatory epithelial changes,” 
concealed CIN. The unifying theme of these studies was that a substantial proportion of 
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women, ranging from 12% to 25%, with a cytologic diagnosis of “atypia” or 
“inflammatory changes,” harbor precancerous lesions or invasive cancer of the 
uterine cervix that can be detected by colposcopy and biopsies. 

Since the introduction of the Bethesda System, numerous papers reported the results of follow- 
up studies of patients with the cytologic diagnosis of ASC-US; in nearly all of them, some of the 
patients were shown to harbor squamous neoplastic lesions, usually of low-grade (70% to 95%) 
but some of high-grade, or even invasive cancers (Sidawy and Tabbara, 1993; Davey et al, 

1994; Selvaggi and Haefner, 1995; Williams, 1997; Sidawy and Solomon, 1997). There are 
significant differences in the percentage of HGSIL, invasive cancer reported in recent 
years from different laboratories. The range is from none (Gonzales et al, 1996), 1% to 2% 
(Kobelin et al, 1998; Ettler et al, 1999; Malik et al, 1999; Sherman et al, 1999) to 9% or more 
(Kaufman, 1996; Auger et al, 1997; Nyirjersy et al, 1998; Raab et al, 1999). Rader et al (1999) 
pointed out that diagnosis of ASC-US in women age 55 or older is relatively uncommon (1 .8% 
of 8,175 smears) but may also lead to the discovery of neoplastic lesions, ranging from LGSIL 
to invasive cancer, albeit in a lesser proportion than in younger women. In a very large 
Norwegian study of more than 500,000 women with 7 years of follow-up, Nygaard et al (2003) 
reported that women with ASC-US were 15 to 30 times more likely than normal women to 
develop a CIN III or invasive cancer of the cervix. Dvorak et al (1999) recommended an 
aggressive follow-up for women with ASC-US or LGSIL because of the large number of high- 
grade lesions hiding behind these diagnoses. 

The disparities of the results from the various centers may be a reflection on the population 
studied, definition and usage of the term ASC-US, the performance of the laboratory, 
and its philosophy of reporting “non-normal” material. Some of these differences may be 
based on divergent interpretation of biopsies that varies from observer to observer and from 
laboratory to laboratory (Grenko et al, 2000). 

It is of interest that the high-grade lesions, observed in patients with ASC-US, are often 
very small in size and of questionable clinical significance (Pinto et al, 2002; Sherman et 
al, 2003). Figure 11-74A summarizes the findings in ASC-US. 

The AGUS category was abolished in the 2001 Bethesda System because of a very 
high rate of malignant events in this group of patients, summarized in Figure 11-74B, 
courtesy of Dr. Mary Sidawy. Although the abnormal cells were of endocervical type, the 
frequency of SIL was significantly higher than that of ade nosarcomas, as previously 
discussed in this chapter. Bose et ai (1994) reported 17 LGSIL, 18 HGSIL in 44 women whose 
smears were diagnosed as AGUS. Lee et al (1995) reported that the diagnosis of “severe 
glandular atypia” corresponded, in 26% of patients, to an endocervical adenocarcinoma and, in 
53% of patients, to HGSIL. In patients diagnosed as 

P.362 

“mild glandular atypia,” follow-up studies disclosed 2.5% adenocarcinoma in situ, 35% of 
HGSIL, 2.5% of LGSIL, with the remaining cases showing no significant lesions. Samsir et al 
(2003) reported that there is a very limited consensus among competent observers in 
classifying atypical glandular cells. A particularly unfortunate diagnosis of AGUS is based 
on the finding of “atypical metaplasia,” which, in most cases, represents a high-grade 
squamous lesion of endocervical origin, as discussed above. For further discussion of 
AGUS as a precursor lesion of endocervical adenocarcinoma, see Chapter 12. 
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Figure 11-74 A Adiagrammatic drawing showing the proportion of high-grade lesions in 
smears designated as ASC-US. The number of high-grade malignant lesions is small. B. A 
diagrammatic drawing showing the outcome of smears diagnosed as AGUS. The number 
of malignant lesions is much higher than in the ASC-US series. (Courtesy of Dr. Mary 
Sidawy, Washington, DC.) 
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It is evident that the diagnoses of ASC-US, AGUS, or the equivalent term, atypical smears, is 
widely used but should be avoided at all cost. In many such instances, a careful 
rescreening of the preparation or a consultation with a competent colleague may be 
helpful in eliciting a definitive diagnosis of either a benign lesion, CIN, or even invasive 
cancer. 

Still, in every laboratory, there is a small residue of adequate cervical preparations that 
cannot be definitively classified because of scarcity of abnormal cells or because of 
cell changes that are difficult to interpret, that can justifiably be reported as ASC-US or 
AGUS. Pitman et al (2002) reported that the abolition of AGUS would lead to a loss of about 
one-half of HGSILs. The current clinical approaches to the handling of such patients, including 
HPV typing, are discussed below. 

REPRODUCIBILITY OF CYTOLOGIC DIAGNOSES IN CERVICAL SAMPLES 

The interpretation of cytologic pattern in adequate cervical smears is often a major problem. 

There is a similarity here with mammography, another test based on visual assessment (Elmore 
et al, 1994). As has been documented in early studies by Seybolt and Johnson (1971), Koss 
(1982), Yobs et al (1985, 1987), Klinkhamer et al (1988), and others, the reproducibility of 
cytologic diagnosis among various otherwise competent observers is low. 

The situation has not changed in recent years. Staler and Schiffman (2001) observed only 
moderate reproducibility in the interpretation of liquid preparations (kappa value 0.46, 1 being 
complete agreement). Renshaw et al (2003), based on a very large number of responses from 
practicing pathologists, observed that the reproducibility of diagnoses was somewhat better for 
benign smear patterns and low-grade squamous lesions (LSIL) than for high-grade lesions 
(HGSIL) and invasive cancers. In 2004, Renshaw et al analyzed these results further and noted 
that the cell patterns in some invasive cancers were interpreted as “reparative,” particularly in 
the presence of Trichomonas infestation. The problem lies often in philosophic approach to 
smear interpretation that separates the “conservative” from “aggressive” observers. Although 
the criteria for classification of cytologic samples may be verbalized and the key findings 
illustrated, as was done in the preceding pages, the application of these principles 
depends on the training, experience, and talent of the observer. Further, the infinite 
variety of morphologic patterns that may be observed in cervical samples often defies the 
classical standards of diagnosis. The cytologic patterns that are most often 
underestimated are those of keratin-forming lesions, small-cell carcinomas, and 
invasive carcinomas of various types. Also, smears containing only a few abnormal 
dysplastic (dyskaryotic) cells, as is often the case, are often undercalled and placed in the 
category of ASC-US. 
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The reproducibility of diagnoses by the same observer at various time intervals is also 
low. This was documented in an unpublished study by Wied, who submitted the same set of 
cervical smears to a group of expert cytopathologists (including this writer) at 6 month intervals. 

Quite often, on the second review, the observers disagreed with their own prior diagnosis. It is 
generally easier to achieve reasonable consistency of diagnoses among members of the same 
group than among different laboratories. 

CORRELATION OF BIOPSIES WITH CYTOLOGIC PATTERNS 
Although biopsies have been often considered to be the “gold standard” against which 
the cytologic diagnoses should be measured, this is often not the case. To be sure, 
errors in the assessment of cytologic samples do occur but there is evidence that, in a 
significant proportion of cases, biopsy sampling and the interpretation of tissue 
patterns are often inaccurate and not necessarily superior to cytology. Tritzet al (1995) 
reported discrepancies between cytologic and histologic diagnoses in 69 (1 1 %) of 61 5 patients 
with a cytologic diagnosis of a neoplastic abnormality. The most common source of error 
was inappropriate biopsy that missed the lesion in 51%, followed by faulty biopsy 
interpretation that occurred in 13% of the discordant cases. Similar observations were 
reported by Joste et al (1995), Rasbridge and Nayagam (1995) and Staler and Schiffman 
( 2001 ). 

Jones and Novis (1996) studied the correlation of diagnoses rendered on cervical smears 
with biopsies in 348 American laboratories. In 22,439 paired smears and biopsies, the 
sensitivity of cytologic findings was 89.4%, specificity 64.8% and predictive value of 
positive cytology 88.9%. It was noted that the knowledge of results of cytology improved the 
accuracy of biopsy interpretation. There is also extensive documentation that the 
interpretation of biopsies may vary from one observer to another. In a classical study, 

Siegler (1956) selected 20 biopsies of the uterine cervix, showing fairly classical carcinoma in 
situ (HGSIL) to 25 pathologists. Approximately half of the diagnoses were missed by the 
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participants, with some failing to recognize any of the lesions. Although the study was 
conducted before widespread use of cervical smears and may be, in part, explained by limited 
exposure of pathologists to these lesions, the observations were confirmed in later years by 
Holmquist et al (1967), Cocker et al (1968), and Robertson et al (1989). These problems persist 
until today (year 2005). In a recent study of difficult-to-interpret biopsies showing “atypical 
immature metaplastic proliferations,” the diagnostic concordance between two observers 
working in the same laboratory as to the benign or malignant nature of these lesions was, at 
best, mediocre (Park et al, 1999). Grenko (2000) also reported lack of agreement among 
experienced pathologists in the interpretation of cervical biopsies. 

There are several situations where a biopsy can be misinterpreted or the lesion 
missed. These are listed below: 

■ Inadequate sampling of the cervix by inexperienced colposcopists. This is particularly 
important when the lesion is located in the endocervical canal. 

■ Interpretation of endocervical curettings, wherein tiny fragments of a high-grade lesion are 
readily overlooked. 

■ Interpretation of endometrial curettings containing fragments of a squamous malignant lesion, 
derived from the uterine cervix, that are either overlooked or sometimes interpreted as 
decidual reaction. 

■ Interpretation of biopsies in postmenopausal women may also cause difficulties, particularly 
when the fragments of CIN are atrophic. As has been stated above, the term “transitional cell 
metaplasia” is a misnomer in the interpretation of atrophic CIN lesions in this group of 
patients. 

■ An important source of errors is inadequate training in the interpretation of cervical biopsies 
which is prevalent among pathologists who have no experience with cytology of the cervix or 
those who were instructed that the interpretation of intraepithelial neoplastic lesions of the 
cervix should be conservative in order to avoid unnecessary treatment. Many of these 
observers use the term “dysplasia” and strenuously avoid the use of terms such as high- 
grade lesion, CIN III, or carcinoma in situ. 

ACCURACY OF CERVICAL SAMPLES IN THE DETECTION OF SQUAMOUS 
LESIONS 

Preceding its introduction as a mass-screening procedure, the effectiveness of cervicovaginal 
cytology as a means of detection of precancerous lesions and early cancer of the 
uterine cervix had never been tested in a double blind study (Koss 1989). The 
performance of the system has been judged by its effectiveness, based on 
epidemiologic studies, showing that the rate of invasive cancers among screened 
women fell by about 75%. Because the majority of women who developed invasive cancer of 
the uterine cervix had no previous screening, it has been assumed by many clinicians and 
by the lay public that the “Pap smear” had a high degree of accuracy. 

Further, the assumption that careful analysis of smear patterns in satisfactory cytologic 
material allows a precise classification of the underlying precursor lesion has been 
incorporated into the Bethesda System. Regrettably, this is not the case, because the 
margin of error in such assessments may be substantial, as has been repeatedly 
documented by a careful correlation of cytologic diagnoses with histologic material and will be 
illustrated below. 

As early as 1964, Navratil from Graz, Austria, reported smear failure in 15% of precancerous 
lesions diagnosed by colposcopy. Hill (1966) reported from the same clinic that cervical smears 
failed in 59 (7%) of 838 cases of precancerous lesions of the cervix. A startling indictment of 
cytology as the tool for cervical cancer detection was presented from Sweden by Rylander 
(1976), who reported the Stockholm experience for the years 1968 through 1974. Of the 179 
women with invasive cervical cancer, 143 had the benefit 
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of early competent cytologic examination. In 64 (44%) of the 144 women, earlier smears were 
reported as “negative.” In 1 3 of these patients, invasive cervix cancer occurred within 1 year, in 
23 within 2 years, in 17 within 3 years, and in 11 within 4.5 years after the negative smear. 

Thus, it is likely that at least some of these patients had precancerous lesions or early cancer 
at the time of screening. Because Stockholm's laboratories enjoyed an excellent reputation, 

Rylander's publication should have elicited a major outcry but it did not. These European 
reports were ignored in the US because the competence of the cytology laboratories was 
unknown. 

However, the review of the American literature from the years 1970-1 983 clearly shows that 
failures of the cervical smears as a case-finding procedure were also recognized in the United 
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States. Thus, Figge et al (1970), Gunn and Gould (1973), Shulman et al (1974), and 
Fetherstone (1983) reported that cervical smears failed in recognizing a substantial proportion 
of precancerous lesions or invasive cancer diagnosed by biopsy. The accuracy of the cervix 
cancer detection system was questioned by Foltz and Kelsey (1978). Again, these reports were 
ignored. 

However, the issue was brought into sharp focus when an investigative journalist, Walt 
Bogdanicz, reported in the Wall Street Journal on November 2, 1987, that young women were 
dying of cervix cancer because of laboratory errors. He received a Pulitzer prize for his 
reporting. Perhaps because of the type of readership that the Wall Street Journal enjoys, 
Bogdanicz's report resulted in a flurry of legislative activity in the Congress of the United States, 
“to protect the American women from bad laboratories.” The resulting legislation, enacted in 
1988, is the Amendment to the Clinical Laboratory Improvement Act, known as CLIA88, which 
put the performance of the laboratories processing cervicovaginal material under Federal 
jurisdiction. The practical issues pertaining to laboratory operation, resulting from CLIA88 are 
discussed in Chapter 44. 

The Bogdanicz report also elicited the interest of attorneys representing women whose injuries 
(and sometimes death from invasive cancer of the uterine cervix), were allegedly caused by 
misinterpretation of cervical smears. Subsequently, a flurry of legal proceedings against 
pathologists and laboratories took place, sometimes with substantial monetary penalties 
assessed by juries. All these events led to a thorough re-examination of laboratory performance 
in cervicovaginal cytology, casting new light on the effectiveness of cervicovaginal cytology. It 
became rapidly apparent that errors of omission (false-negative smears) and, to a 
much lesser extent, errors of commission (false-positive smears) occur in virtually 
every laboratory of cytology, although the rate of these errors may vary significantly among 
them. The detection and classification of cytologic abnormalities in cervicovaginal material, 
whether in the form of direct smears or material prepared from liquid samples, belongs to the 
most difficult human tasks. In an average laboratory, at least 90% of preparations show no 
findings of note and require no further action. Therefore, only a relatively small proportion of 
cytologic samples contain abnormal cells that may be few in number, small in size, difficult to 
interpret or obscured by benign cells, blood, inflammatory exudate or debris. The identification 
of such cells or cell clusters under screening power of the microscope requires a high level of 
undivided attention of the screener, which is difficult to maintain over a period of many hours of 
work. Further, the decision whether the observed abnormalities are of benign or malignant 
nature may also cause substantial problems. 

ERRORS IN THE INTERPRETATION OF CYTOLOGIC SAMPLES 

False-Negative Smears 

Numerous papers have been published at the end of the 20th century examining the rate and 
causes of false-negative smears. Only a few key contributions will be analyzed. An important 
early study by van der Graaf et al (1987) was based on a second review of prior negative 
smears in 555 women (out of a total screened population of 165,185 women) who 3 years later 
were shown to have biopsy-documented moderate or severe dysplasia, carcinoma in situ or 
invasive cancer. On review 12.3% of the smears were considered inadequate, 58.3% were 
found to be “atypical,” and 29.3% of the smears contained missed evidence of 
“dysplasia” or “carcinoma in situ.” The study did not address the issue of the sources of 
errors, whether caused by faulty sampling, screening, or interpretation, but it did 
document that the performance of a reputable laboratory is fraught with considerable 
error. The manner in which this error is assessed is important. If the error were to be 
calculated as a percentage of smears missed in the entire screened population of 165,185 
women, it becomes minuscule. If, however, the error is calculated as a proportion of lesions 
missed, as shown in Table 11-10, it becomes substantial. The only meaningful way of 
presenting data on false-negative smears is as a percentage of biopsy -documented 
abnormalities. 

There were several studies showing that there is a substantial false-negative rate (20% to 
30%) of cervicovaginal smears in patients with biopsy-documented invasive carcinomas of the 
uterine cervix (Troncone and Gupta, 1995; Tabbara and Sidawy, 1996; Bergeron et al, 1997; 
Kok et al, 2000). All these studies documented that approximately three-quarters of the 
previously negative smears showed, on review, some degree of cytologic abnormality. 

Relatively few of these false-negative smears showed evidence of HGSIL (20% in the Bergeron 
study). Most of these “false-negative” smears showed either evidence of LGSIL or of 
ASCUS. 

Mitchell and Medley (1995) and O'Sullivan et al (1998) noted that the small size of cancer 
cells and their scarcity in smears are major sources of false-negative smears. Fewer than 
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200 abnormal cells in a preparation is an important source of diagnostic errors. Montes et al 
(1999) considered the presence of “atypical metaplastic cells” as the source of diagnostic 
difficulty in negative smears of women who subsequently developed HGSIL. These cells were 
discussed above. 
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TABLE 11-10 RELATIVE INCIDENCE OF HISTOLOGICALLY CONFIRMED 
PRECANCEROUS LESIONS OF THE CERVIX IN YOUNG WOMEN IN 8 STUDIES 



Author 


Year 


Population 
Studied (All 
patients below 
the age of 20) 


Rate of 
“Other than 
Negative” 
Cytology 


Rate of Histologically 
Confirmed Precancerous 
Lesions (Dysplasia and 
Carcinoma in Situ) 


Ferguson 


1961 


2,300 


33.4/1,000 


14.3/1,000 


Kaufman 
et al. 


1970 


10,246 


29.4/1,000 


4.8/1,000 


Wallace 

and 

Slankard 


1973 


7,520 


6.7/1 ,000 


5.8/1,000 


Snyder 
et al. 


1976 


27,508 


8.9/1 ,000 


2.7/1,000 


Fields et 
al. 


1976 


33,641 


42/1,000 


* 

Unknown 


Personal 
data 
(Hein et 
al.)+ 


1977 


403+ 


35/1,000 


3.4/1,000 (mainly LGSIL) 


Rader et 
al. 


1997 


630 


10/1,000 

(ASCUS) 


5/1,000 


Moscicki 
et al. 


2001 


605 (496 HPV 
positive) 


Unknown 


21/1,000 (LGSIL only in HPV 
positive women) 



Only a few of 58 patients with cytologic suspicion of a precancerous lesion were 
referred for diagnosis. Seven dysplasias and four carcinomas in situ were confirmed 
and treated. 

Girls, ages 12 to 16, mean 15. 



An authoritative review, encompassing 312 laboratories of cytology in the United States that 
volunteered for this survey, was presented by Jones (1995). On rescreening of 3,762 smears in 
women who developed biopsy-documented high-grade intraepithelial lesions or invasive 
cancer, about 10% of smears were false-negative. If the diagnoses of ASCUS or AGUS 
were included as diagnostic mistakes, the error rate rose to about 20%. An analysis of 
the sources of errors disclosed several components, such as adequacy of sampling, 
accuracy of screening, and adequacy of interpretation. These will be discussed in 
sequence. 

Adequacy of the Cervical Sample as a Source of False-Negative Results 
The definition of an adequate cytologic sample was provided in Chapter 8. Briefly, such 
material should contain cells representative of the exo- and endocervix but is age- 
related. The interpreters of the Bethesda System, Kurman and Solomon (1994), defined an 

adequate smear as a smear with “at least 10% of the slide surface covered by well 
preserved and visualized squamous cells and at least two clusters of five endocervical 
cells representing the transformation zone and the endocervical epithelium.” These 
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minimal criteria are clearly arbitrary and are not applicable to postmenopausal women 
with atrophy (see Chap. 8). For smears not meeting these minimal criteria, the Bethesda 
System offers the option of considering the cervical sample as either unsatisfactory 
(rejected) or examined and found unsatisfactory for whatever reason. 

Specimen adequacy in liquid preparations is rather poorly defined. Solomon et al (2002) 
suggested that 5,000 well preserved squamous cells per preparation constitute an adequate 
liquid sample. The scientific evidence supporting this statement was not cited. The presence of 
endocervical cells in such preparations, as a criterion of adequacy, was not specifically 
discussed. 

Several papers addressed the issue of inadequate material as a source of false negative 
errors, based on review of earlier “negative" smears in women developing high-grade lesions 
or carcinoma. Gay et al (1985), van der Graaf et al (1987), Sherman and Kelly (1992), Davey et 
al (1994), Mitchell and Medley (1995), and Kok et al (2000) observed that some “false- 
negative” cervical smears contained no abnormal cells. The rate of such smears varied 
from one laboratory to another but the average was about 10% to 12%. Most such smears were 
considered to be sampling errors. This is not necessarily correct; adequate samples can 
also be false negative, apparently because some lesions do not shed abnormal cells. 

Richart (1964) estimated that 1 .4% of precancerous lesions fall into this category. During the 
follow-up studies of precursor lesions and reported in detail in Part 1 of the chapter (Koss et al, 

1963), some patients with known intraepithelial lesions had interval smears free of abnormal 
cells (see Fig. 11-22). The reasons for these observations are not clear and may be related to 
the adhesiveness of the cells within the abnormal epithelium. Rubio and Lagerlof (1975) 
suggested that energetic douching or cleansing of the cervix prior to sampling may account for 
some of these events. However, regardless of cause, the absence of abnormal cells in a 
cytologic preparation cannot always be blamed on the smear taker. 

Ransdell et al (1997) reported that 16% of sequential patients with “unsatisfactory” smears 
were shown, on follow-up, to harbor a neoplastic lesion. 

Unusual Presentation of Abnormal Cells 

Poorly preserved, inadequately fixed or stained material may be the cause of false negative 
smears. Another, less common, source of error is caused by the excessive zeal of clinicians 
who remove fragments of precancerous lesions or invasive cancer by energetic sampling. 

These fragments, sometimes true minibiopsies, may be very difficult to interpret 
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in smears or liquid preparations and are sometimes ignored or considered to be fragments 
of benign endocervical or endometrial epithelium. Lesions composed of medium or small 
cancer cells are usually the source of such fragments. In most cases, the fragments are 
accompanied by a scattering of other abnormal cells, occurring singly or in small clusters, 
leading to the correct diagnosis, but sometimes the single cells are absent and a lesion is 
missed on screening. In my experience, this occurs more often in postmenopausal women with 
fragile atrophic epithelial lesions (see above). 

Boon et al (1993, 1994) reported the use of a confocal microscope to study the thick cell 
clusters. This costly and difficult-to-use instrument allows the inspection of component cells, 
layer by layer, and allows recognition of nuclear abnormalities. 

Accuracy of Screening 

The detection and classification of cytologic abnormalities in cervicovaginal material, whether in 
the form of direct smears or material prepared from samples collected in a liquid medium, 
belongs among the most difficult human tasks. In an average laboratory, at least 90% of 
preparations show no findings of note and require no further action. Therefore, only a relatively 
small proportion of cytologic samples contain abnormal cells that may be few in number, small 
in size, and obscured by benign cells, blood, inflammatory exudate or debris. The identification 
of such cells or cell clusters under screening power of the microscope requires a high level of 
undivided attention of the screener that is difficult to maintain over a period of many hours of 
work. Further, the decision whether the observed abnormalities are of benign or malignant 
nature may also cause substantial problems. 

Early personal experience with a large population of Planned Parenthood clients, conducted in 
the 1960s (Melamed et al, 1969), disclosed a first-smear miss rate of about 30% of precursor 
lesions that were diagnosed on subsequent smears obtained within 6 to 12 months. Because, 
at that time, the issue of false-negative smears was not urgent, only an aliquot of the original 
first smears was reviewed. Substantial cytologic abnormalities, missed on screening, were 
found in nearly all of these smears. The observations were not published. 
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TABLE 11-11 RESULTS OF PROSPECTIVES RESCREENING OF CERVICOVAGINAL 
SMEARS FOR 1989-1991 



Year 


Total of 
smears 


Total 

re screened 
(%) 


Total suspicious/positive 
smears (%) 


False- 

* 

negative (%) 


1989 


14,851 


2,822(19) 


495 (100) 


13 (2.6) 


1990 


13,837 


4,245 (30.7) 


532 (100) 


19 (3.6) 


1991 


14,433 


3,307 (22.9) 


666 (100) 


34 (5.1) 


Total 


43,121 


10,374(24.0) 


1,693 (100) 


66 (3.9) 


Calculated as percentage of all suspicious/positive smears. 
(From Koss LG. Cancer 71:1406-1422, 1993, with permission.) 





Several recent studies addressed the question of screening errors. The results of a second 
review of smears of women considered to be at “high risk” performed at Montefiore Medical 
Center is shown in Table 11-11 (Koss, 1993). The procedure is described below. It may be 
noted that approximately 25% of all smears were reviewed and that, in this population, the 

average screening error for the years 1989-1992, as a percentage of abnormal smears, 
was 3.9%. These errors were prevented by rescreening. Jones (1995), in a large 
American study, reported that faulty screening accounted for 74.8% of the errors on 544 smears 
reported as “negative.” Sherman and Kelly (1992), Hatem and Wilbur (1995), and Mitchell and 
Medley (1995) reported that the most important common denominator of false-negative 
smears was the small-cell lesion. Single small cancer cells and dense clusters were 
most likely to be overlooked or misinterpreted on screening. This has also been our 
experience. Other causes of errors leading to false-negative smears are shown in Table 11-12. 

Poor recognition of keratinized abnormal squamous ceils and underestimation of the 
significance of clusters of atypical metaplastic cells, sometimes classified as “repair,” 
are of special significance. 

Errors of Interpretation 

This issue is rarely addressed in the literature because accurate data are difficult to come by. In 
the Jones study (1995), 135 of 195 (69.2%) of false-negative smears, initially considered 
as “benign atypia,” were misinterpreted by the pathologists. Duggan and Brasher (1999) 
documented that, in 449 cervical smears diagnosed as LGSIL, about 7% were undercalled and 
12.5% were overcalled, for an overall 80% accuracy rate for 14 Canadian laboratories. Errors 
of screening and interpretation accounted for most mistakes. Anecdotal evidence suggests that 
pathologists, without prior special training and supervised experience in cytopathology of the 
female genital tract, are most likely to misinterpret the evidence. One of the essential 
ingredients in the interpretation of cervical cytologic material is time. The interpretation of a 
difficult preparation may require 10 or 15 minutes of careful review of the evidence and its 
analysis, a true 
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luxury in the medical climate that requires cost-controlled efficiency on the part of the laboratory 
personnel. 



TABLE 11-12 COMMON SOURCES OF FALSE-NEGATIVE CERVICAL SMEARS 


Problem 


Solution 


Nuclear enlargement in a few 
intermediate squamous cells 
(Fig. 12-1). 


Either a LGSIL or ASC-US, depending on the 
number of such cells 


Heavily keratinized nucleated 
squamous cells, regardless of 
degree of nuclear abnormality 


Consider keratinized squamous neoplastic lesion 
(either in situ or invasive) 
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Metaplastic cells with nuclear 
enlargement and nucleoli 


Repair reaction, atypical metaplasia, or HGSIL, 
depending on the severity of the nuclear 
abnormality and configuration of cell clusters 


Endocervical cells with large 
nuclei and nucleoli 


Repair reaction, HGSIL located in endocervical 
canal, or endocervical neoplasia (see Chap. 12) 


Cytolysis with isolated large 
nuclei 


Could be LGSIL with cytolysis; search for well- 
preserved dyskaryotic cells 


Smears obscured by blood or 
heavy inflammatory exudate 


Careful screening is required. Invasive carcinoma 
must be ruled out 


Dense clusters of small or very 
small cells, mimicking leukocytes 


Consider small-cell carcinoma; look for single 
small cancer cells 


Fragments of necrotic tissue in 
smears; not otherwise 
interpretable 


Consider the possibility of invasive carcinoma; 
search for abnormal nuclei and nucleoli 


Thick clusters of endocervical 
cells in brush specimens 


Could be brush artifact. Search for isolated 
atypical cells; do not repeat such smears for 3 
months 


“Pale dyskaryosis” 





SIL, squamous intraepithelial lesion; HG, high grade; LG, low grade; ASC-US, atypia of 
squamous cells of unknown significance. 



False-Positive Cytologic Samples 

False-positive cervicovaginal samples are relatively uncommon but may be the cause of 
considerable anxiety in patients and their caretakers. There are two situations when such 
events occur: a sample showing clear evidence of a malignant lesion is not confirmed 
by biopsies, and misinterpretation of a benign process by the cytopathologists. 

■ Lack of confirmation of a neoplastic lesion by biopsies may have multiple causes, 

which were discussed above in reference to correlation of biopsies with cervical samples. 

The most common cause is inadequate biopsy of the uterine cervix. In such cases, the 
procedure requires a review of the cytologic sample and of the biopsies, preferably 
by a second expert observer. Sometimes the review of the original biopsy material (and 
recuts) will solve the dilemma because a lesion will be found. If the biopsy review fails to 
reveal a lesion and the review of the smear confirms the original opinion, additional 
sampling of the uterine cervix that may require a conization are indicated. If, as it 
sometimes happens, these precautionary common sense procedures fail to reveal a lesion, 
further follow-up of the patient by additional cytologic procedures is mandatory. 

Sometimes, several years of follow-up may be required before the presence of a 
lesion is documented. Anderson and Jones (1997) documented patients with abnormal 
smears and initial lack of confirmation by biopsy require long follow-up to discover occult 
neoplastic lesions. In some cases, the neoplastic lesions may be located in the vagina or 
the endometrium or may even sometimes represent a metastatic cancer. 

■ Removal of the entire lesion by energetic brushings has been observed, resulting in 
biopsies with denuded surface. Another source of error may be postmenopausal 
atrophy in which the atrophic lesion is not recognized or considered to be a “crush artifact” 
as we have repeatedly observed (see above). 

■ True false-positive reports are usually based on misinterpretation of the evidence in 
the cytologic sample. The most important causes of such errors are listed in Table Il- 
ls. A second review of such cell samples by a second observer and a correlation with clinical 
data is mandatory in such cases. 

Finally, there is a residue of patients in whom no evidence of disease will be found on 
long-term follow-up. It is likely that, in such cases, a small focus of disease has been 
destroyed during the bioptic procedures or that the lesion regressed. 
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TABLE 11-13 COMMON SOURCES OF FALSE-POSITIVE CERVICAL SMEARS 


Findings 


Solution 


Clusters of endocervical cells 
with large nuclei and nucleoli 


Repair or endocervical neoplasia. Search for 
single abnormal cells — if present consider 
neoplasia 


Single endocervical cells with 
large hyperchromatic nuclei, no 
nucleoli 


The patient may be pregnant (Arias-Stella cells) or 
receiving contraceptive medication with high 
progesterone content (see Chap. 18) 


Ciliated endocervical cell with 
atypical nuclei 


Tubal metaplasia, or rare carcinomas 


Atrophic smear with isolated 
large, dark structures 


The so-called “blue bodies” (see Chap. 8) 


Atrophic smear with markedly 
enlarged nuclei in a few 
squamous cells 


Could be atrophy or SIL. Short course of estrogen 
therapy may solve the problem 


Intermediate squamous cells 
with perinuclear halo, no 
significant nuclear enlargement 


Trichomoniasis (search for parasite) or poorly 
developed koilocytosis (ASC-US) [search for other 
evidence of HPV infection] 


Multinucleated cells with 
pyknotic nuclei 


Herpes. Search for more classical cell changes 
(see Chap. 10) 


Large squamous cells with 
cytoplasmic or nuclear vacuoles 


Clinical history, radiotherapy, or chemotherapy 
(see Chap. 18) 


Large, dense clusters of 
endocervical cells with frayed 
edges 


May be brush artifact or endocervical lesion (see 
Chap. 13) 


Clusters of endometrial cells, 
particularly in brush specimens 


May be mistaken for carcinoma. Check menstrual 
history and estrogen level 


SIL, squamous intraepithelial lesion; ASC-US, atypia of squamous cells of unknown 
origin; HPV, human papillomavirus. 



FAILURES OF CERVICAL SAMPLES AS A FOLLOW-UP PROCEDURE 

It is customary in many laboratories to suggest that the cervical smear be repeated to confirm a 
prior ASCUS, AGUS, or “atypical” smear. Studies of patients from Planned Parenthood of New 
York City conducted from 1967 to 1970 (Melamed et al, 1969) required that a suspicious or 
positive cervical smear be followed by biopsies or diagnostic conization of the cervix. As a 
routine procedure, a second smear was obtained just prior to conization. In approximately 
40% of patients with histologically proven carcinoma in situ, the second smear, usually 
obtained within 3 months or less after the original diagnosis, showed no evidence of 
abnormal cells. Similar anecdotal observations were recorded by Nyirjesy (1972), Rylander 
(1976), and Rubio (1974). Follow-up studies of precursor lesions (Koss et al, 1963) also 
documented that repeat smears are often negative in the presence of biopsy-documented 
lesions. Astudy by Wheelock and Kaminski (1989) also pointed out that at least 40% of 
“repeat” smears obtained prior to colposcopy failed to reflect the underlying CIN. The issue was 
studied extensively by Bishop et al (1997) who pointed out that the sensitivity of repeat 
cervical smears was low until 120 days have elapsed between smears, in keeping with 
prior observations (Koss 1989). 



Several important conclusions of clinical significance can be reached as a consequence of 
these observations: 
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■ Follow-up cytologic sampling, within less than 4 months after the original equivocal smear, 
may result in false-negative smears in a large proportion of patients. 

■ Short-term follow-up by cytology may be highly misleading; a negative sample, or even two, 
does not necessarily indicate that the lesion has regressed. A minimum of 3 negative smears 
over a period of at least 2 years is required before the patient can be assured that she is free 
of disease. 

■ The patients should be referred for colposcopy on the strength of the highest cytologic 
diagnosis, which is often obtained in the first sample. 

ATTEMPTS TO IMPROVE THE RESULTS OF SCREENING OF CERVICAL 
SMEARS 

Sampling Instruments 

Papanicolaou's early work in cervical cancer detection was based on examination of vaginal 
pool samples in which the 
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evidence of cytologic abnormalities was much diluted. The lesions were discovered because of 
painstaking and timeconsuming screening and search for single abnormal cells, often hidden 
among the multitude of benign cells. The instruments currently available for sampling are 
described in the Appendix to Chapter 8. With the introduction of the cervical spatula and, 
hence, direct cervical smears by Ayre in 1947, the task of screening became easier because of 
a greater concentration of abnormal cells in the targeted sample and less contamination with 
benign cells. It was soon documented that even the cervical smears failed to uncover a certain 
proportion of precancerous lesions or invasive cancer (see above). Hence, the search began 
for an ideal sampling device that, with a minimum of screening effort, would provide the most 
accurate cytologic diagnosis. To improve the sampling procedure, a number of endocervical 
brushes and brush instruments, combining sampling of exo- and endocervix, were 
introduced (see Fig. 8-45). Several early observers, notably Vooijs et al (1985), Boon et al 
(1986, 1989), and Deckert et al (1988) provided evidence that, in the presence of endocervical 
cells secured by brushes, the rate of detection of precancerous lesions of squamous and 
endocervical type rose. These observations led to a more precise definition of adequacy of the 
samples, discussed in Chapter 8 and above. However, the use of these instruments is not 
always totally harmless. Some of the problems that may occur after vigorous brushings are as 
follows: 

■ Energetic brushing may cause bleeding. 

■ Spreading the sticky material on a slide may be difficult, resulting in thick clusters of 
endocervical cells that may be difficult to interpret (see Fig. 10-12). Such clusters may have 
frayed edges and may mimic “feathering,” a feature observed in some endocervical 
adenocarcinomas (see Chap. 12). 

■ Repetition of such smears within a few days or weeks after the original sampling may 
result in a repair reaction that may also cause problems of interpretation difficult to interpret 
(see Fig. 10-9). Some of the problems associated with slide preparation and interpretation of 
brush samples have been solved by placing brushes in liquid fixative for processing (see 
below). 

■ Vigorous sampling of the upper reaches of the endocervical canal may yield endometrial 
cells or cells derived from tubal metaplasia that may cause significant difficulties of 
interpretation (see Chap. 10). 

Use of Two Synchronous Smears 

Sedlis et al (1974) were the first to study the yield of two cervical smears obtained one after 
another and independently evaluated on a large cohort of more than 17,000 women. These 
observers noted that the failure rate of detection of high-grade lesions was about 25%, 
either in the first, or in the second set of smears. Subsequently, several observers, notably 
Shulman et al (1975), Davis et al (1981), Beilby et al (1982), and others, confirmed that the 
addition of a second cervical smear increases the yield of cytologic diagnoses of CIN by about 
20%. Unfortunately, this relatively simple procedure adds to the costs of screening and, 
therefore, found little following in the days of managed care. Still, this is an effective screening 
system, less expensive than liquid-based cell collection. 

Second Review of Smears on High-Risk Patients 

In 1989, Mr. Paul Elgert, who was then the Chief Cytotechnologist at Montefiore Medical 
Center, instituted a quality control measure based on second review of all cervical smears 
from “high risk” examinees. For each patient, a computer print-out of past history or current 
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clinical data were obtained. Patients referred by clinics for sexually transmitted disease, 
patients infected with human immunodeficiency virus (HIV), patients with AIDS, and 
patients with a past history of cytologic or biopsy abnormalities were considered to be 
“high risk.” All “negative” smears from such patients were reviewed by a second competent 
observer. The results of a 3-year study, shown in Table 11-11, documented a surprisingly large 
number of screening errors (3.9% of abnormal smears) that were uncovered by this measure. 

Because a very high percentage (about 25%) of patients seen at the Montefiore Medical Center 
fall into the “high risk” category this percentage may be lower in laboratories in different 
geographic locations. Nonetheless, the smears from this group of patients contain nearly 
all of the significant neoplastic lesions. Five-year follow-up of the high risk patients 
revealed only three biopsy -documented HGSILs that were missed on screening, for an 
error rate of less than 0.3% of abnormal smears (unpublished data). The method was 
adopted by a large laboratory in Paris, France with equally good results (Bergeron and 
Fagnani, 1995). The cost of the implementation of this technique is the cost of rescreening 
about 15% of the preparations, somewhat higher than the mandated rescreening rate of 10%. 

However, the method is much more efficient at case finding than random selection of 
preparations for the mandatory quality control. For further comments on quality control, 
see Chapter 44. 

Five-Year Rescreening 

Centers for Disease Control established a set of rules governing cervical cancer screening, 
discussed in Chapter 44. One provision of these rules, pertinent to this text, is the requirement 
that all available negative smears, obtained within 5 prior years on patients with biopsy- 
documented HGSIL or invasive cancer, must be reviewed. Allen et al (1994) identified 44 such 
patients with 80 smears, of which 14 were reclassified asASC-US or AGUS (6 cases) and 3 
patients in each category as LGSIL, HGSIL. These authors considered the rescreening rule as 
an effective quality-control measure. Similar experience was reported by Sidawy (1996). 

Thirty-Second Rapid Rescreening 

This rescreening method was developed in the United Kingdom. The principle of the method is 
a rapid review of the smear along one horizontal, vertical and diagonal line, the combined 
review not lasting more than 30 seconds. The initial studies suggested a marked improvement 
in the recognition 
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of abnormal smears and prevention of false-negative results (Baker and Melcher, 1991 ; 

Faraker, 1993; Dudding, 1995). Coleman and Evans (1999) considered the results as flawed 
and suggested that the sensitivity of the rapid review on smears with known abnormalities was 
between 76% and 80% (Baker et al, 1997). It was noted that, because of the rapidity of the 
screening process, malignant cells in the track of screening were not recognized, strongly 
suggesting that adequate time is important in the evaluation of cytologic abnormalities. 

NEW TECHNIQUES OF CERVIX CANCER DETECTION 

As a consequence of legal proceedings following the publication of Bogdanicz's article, 
numerous commercial companies attempted to improve the yield of the conventional 
cervicovaginal smear. The principal three approaches to this problem were: 

■ Improved methods of cell collection in liquid media and preparation of “monolayer” 
smears 

■ Automated screening of smears 

■ Testing for human papillomavirus (HPV) 

There is no doubt that the combination of these three new techniques will reduce the false- 
negative error rate, but it can be anticipated that the number of false-positive alarms and 
cost to the society will be greatly Increased (recent summaries in Vassilakos et al, 1998; 

Sherman et al, 1998; Manos et al, 1999; Bishop et al, 2000; Austin, 2003; Limaye et al, 2003). 

Liquid Preparations 

Starting about 1995, a number of commercial companies introduced systems of cytologic 
sample collection in a liquid fixative, followed by either reverse filtration or sedimentation, 
resulting in a “monolayer” preparation wherein the cells are deposited on the slide within a 
small circle. The staining and screening of these preparations are the same as for direct 
smears. The details of the techniques are described in Chapter 44. The first system to be 
approved by the FDA was the ThinPrep method of processing (Cytyc Corp., Boxborough, MA), 
followed by the AutoCyte Prep; now marketed as SurePath (TriPath Imaging, Burlington, NC). 

The number of papers on this topic is very large and only a few can be cited here. 
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The fundamental paper by Lee et al (1997) that was the basis of the approval of the ThinPrep 
method of processing encompassed 6 laboratories, three within academic hospitals and 3 
commercial screening centers. The “split sample” method was used, allowing a comparison 
between a routine smear and the liquid preparation method. An analysis of the data shows a 
clear advantage of liquid preparations for the screening centers but little, if any, obvious benefit 
for the academic laboratories, particularly in the detection of HGSIL or invasive cancer. 

Ferenczy et al (1996) noted that the ThinPrep preparations had a slightly greater sensitivity and 
specificity when compared with conventional smears but that the difference was statistically not 
significant. In marked contrast was the study by Papillo et al (1998) which described an 
increase in the number of biopsy-documented cases of SIL, particularly LGSIL, with a 
concomitant reduction in debatable diagnoses. Asummary of published data by Austin and 
Ramzy (1998) also emphasized the diagnostic benefits of the liquid collection systems. 

Bergeron et al (2001 ), using AutoCyte Prep reported an increased sensitivity and lowered 
specificity in patients with high-grade CIN, documented by biopsies. An important study from 
Costa Rica by Hutchinson et al (1999) documented that the ThinPrep method had heightened 
the sensitivity but significantly lowered the specificity when compared with conventional smears. 
These features of this paper were emphasized by Koss (2000). Selvaggi and Guidos (2000) 
noted that the adequacy of the liquid preparations, not unlike that of conventional smears, 
depended greatly on the collection instruments and the skills of the provider. 

The liquid preparations offer certain advantages and disadvantages. The most important 
advantages are: 

■ Ease of handling by providers 

■ Reduction in the proportion of inadequate smears, caused by blood or inflammation 

■ An increase in the number of cell abnormalities when compared with routine smears; this 
increase varies markedly from one laboratory to another 

■ Reduction in screening time, resulting in greater efficiency of the cytotechnologists who can 
handle a larger number of preparations 

■ Opportunity to use the residual sample for additional testing, including molecular studies for 
the presence of infectious agents, such as human papillomavirus (see below) 

The disadvantages are: 

■ Adjustment to modified morphologic images 

■ Multilayering, resulting in different planes of vision for cell clusters compared with dispersed 
cells, requiring adjustment of focusing 

■ Difficulties in the interpretation of dense clusters of cells 

■ Lowered specificity of diagnoses 

■ High cost 

Klinkhamer et al (2003) reviewed and analyzed the available literature on the AutoCyte Prep, 
SurePath, and Thin-Prep systems and concluded that the ThinPrep system had a higher 
sensitivity for the detection of squamous precancerous lesions and a reduced rate of ASC- 
US. Similar conclusions were reached by Negri et al (2003). With tissue diagnosis as the end 
point, Chacho et al (2003) reported occasional failure of the ThinPrep system in the diagnosis 
of invasive carcinomas. The benefits of liquid cytology are predictably greater for laboratories 
with a very large volume of cervicovaginal samples than for academic laboratories. The most 
important benefit of liquid samples is the option of molecular analysis of the residual 
material for the presence of human papillomavirus and other infectious organisms. 
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Automated Screening 

A number of semi-automated and fully automated devices have been manufactured and some 
became available for primary screening and quality control rescreening of routine cervical 
smears in the 1990s. The principles of these devices are discussed in Chapter 46. 

The device extensively studied in our laboratories was the Papnet System, manufactured by 
Neuromedical Systems, Inc., Suffern, New York, a company that no longer exists. The device, 
based on neural net, performed rather well in capturing images of abnormal cells in 
conventional cervicovaginal smears with resulting decrease in false-negative diagnoses (Koss 
et al, 1994 and 1997). Several examples of images generated by the Papnet System can be 
found in this book, particularly in Chapter 24. 

An automated image analysis system known as Focal Point (previously known as AutoPap, 
manufactured by Tri-Pathology Imaging, Inc., Burlington, NC) has been approved by the FDA 

for primary screening of conventional and liquid (SurePath) cervical samples in low-risk women. 
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Up to 25% of samples designated by the machine as “no further review” need not be 
rescreened manually. The system has been favorably reviewed by Colgan et al (1997), Bibbo 
and Howthorne (1999), and Vassilakos et al (2002). A location guide, known as Slide Wizzard, 
has been added to the Focal Point system. It determines the location of abnormal cells on the 
slide. This system has also received favorable reviews from several investigators (Lee et al, 
1998; Chang et al, 2002; Wilbur et al, 2002). The devices are particularly useful in laboratories 
with a very high volume of cervicovaginal preparations. 

HPV Testing as an Adjunct to Cytology 

The principles of HPV identification and typing and its role in the genesis of carcinoma of the 
cervix are discussed at length in Part 1 of the chapter. Briefly, it is assumed that the virus is 
sexually transmitted, but the evidence supporting this hypothesis is weak because only a small 
proportion of male partners of women with precursor lesions or invasive cancer harbor the virus 
and because the same type of virus was very rarely identified in the two partners (Franceschi et 
al, 2002). The presence of the virus can be documented in a very large proportion of sexually 
active women. In women below the age of 35 and during normal pregnancy, the rate of 
transient infections documented by polymerase chain reaction (PCR) is very high and may 
reach 100% in some groups. Although women harboring high risk viruses are at an increased 
risk of developing precursor lesions or carcinoma of the cervix, epidemiologic data strongly 
suggest that only a very small fraction of these women will develop the disease. There is 
good evidence that only women with persisting presence of a high risk virus, documented 
by two or more tests, are at risk (Ho et al, 1995; Walboomers et al, 1995; Remmink et al, 
1995; Chua and Hjerpe, 1996; Wallin et al, 1999; Nobbenhuis et al, 1999) but, again, they 
constitute only a small fraction of infected women. In other words, cervical cancer is a rare 
complication of infection with oncogenic HPV (Helmerhorst and Meijir, 2002; Schiffman 
and Castle, 2003). 

An important technologic step in HPV DNA identification and typing was the development of the 
Hybrid Capture 2 System (Digene Corp., Gaithersburg, MD) that is applicable to residual 
material in liquid samples collected for cytology. The principles of the system are shown in 
Figure 11-10. Two kits are available, one to detect the presence of low risk HPVs, and the other 
to detect the presence of high risk viruses. In 2003, the FDA approved the high-risk kit for 
testing of patients with ASC-US, regardless of age, and, in women age 30 or older as an 
adjunctive screening test with, or without, a synchronous cell sample. It is the assumption of 
this approval that the HPV test will offer a triage option between women at low or no risk and 
women deserving further investigation and possibly treatment (see below). 

Besides the Hybrid Capture 2 System, other approaches to HPV testing on a large scale are 
being explored, including several variants of the PCR. Real time quantitative PCR appears to 
be promising (Hubbard, 2003). Undoubtedly, with the passage of time, other testing systems 
will be developed. 

An important development in the history of HPV testing was the triage study of atypical 
squamous cells of unknown significance/low-grade squamous intraepithelial lesion 
(ALTS study), sponsored by the National Cancer Institute (Schiffman and Adrianza, 2000). The 
initial results, pertaining to 642 women with LGSIL, were published in the Journal of the 
National Cancer Institute (2000) as an anonymous paper entitled, “Human papillomavirus 
testing . . . etc.” Because 81 .4% of the 642 women tested positive for high-risk HPV, it was 
concluded that the test offered no triage options and was, therefore, of a very limited 
value for women with LGSIL. 

In a subsequent publication, Solomon et al (2001) reported on 3,488 women with ASC-US from 
several participating institutions who were assigned to one of the three arms of the study: 

■ Immediate colposcopy 

■ High-risk HPV triage before colposcopy 

■ Follow-up by cervical smears 

The prevalence of HGSIL (CIN 3) in the entire group was 5.1%. The most important conclusion 
of this paper was that a negative HPV determination had a very high negative predictive 
value of about 99%. In other words, a woman whose genital tract did not harbor documented 
HPV had a minimal likelihood of developing a HGSIL within the duration of the trial (2 years). 

On the other hand, although HPV testing, based on a single initial determination, had a 
higher sensitivity than cytology, it also had low specificity and high false-positive 
value, particularly in women below the age of 30. Staler and Schiffman (2001) cast yet 
another shadow on the ALTS study by pointing out that, among the participating institutions, the 
interobserver reproducibility of cytologic and histologic diagnoses was low (kappa value 
about 0.40, 1 being perfect agreement). Based on the results of the study, 
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Herbst et al (2001 ) cautioned that the value of HPV testing should be viewed with caution. Kim 
et al (2002) calculated that the cost of HPV testing compared favorably with other procedural 
options, except reclassification of ASC-US as normal. 

In a subsequent publication by the ASC-US LSIL Triage Study (ALTS) Group (2003), the 
cumulative value of CIN 3 in the same group of women was raised to between 8% to 9% and a 
single HPV test for high risk viruses had predictably higher sensitivity than a single cytologic 
examination. After two cytologic examinations, however, the sensitivity of the two tests 
was equal. A review by Cuzick (2000) noted that the specificity of HPV typing for HGSIL, 
cancer was much lower than that of conventional cytology, resulting in twice the number of 
women referred for colposcopy. Clearly, a positive HPV test will stigmatize a great many 
women who have no documented lesions, all in the name of finding all CIN 3 that could 
be missed on a single cytologic examination. As was pointed out above, the high-grade 
lesions discovered in ASC-US patients are usually small and not likely to progress to 
invasive carcinoma (Pinto et al, 2002; Sherman et al, 2003). The issue will be discussed again 
in reference to follow-up and treatment of ASC-US. 

Several possible scenarios of application of HPV DNA analysis have been considered: 

■ HPV typing of all women as a replacement for cervical cytology as a screening 
system for detection of precancerous lesions and early cancer. Viral typing on a large 
scale, particularly if performed only once, will select a large proportion of younger women 
with transient infections who are not at risk for cancer of the uterine cervix. Therefore, this 
proposal cannot be seriously considered. 

■ HPV testing can be used as an ancillary test to cytology in women over the age of 30. The 
benefits of this approach, approved by the FDA, are not evident as yet. In order to seek out 
women at high risk of HGSIL, persistence of the oncogenic virus will have to be 
demonstrated. This would require two or more costly tests at a suitable time interval. Again, 
women testing positive for HPV in the absence of a documented lesion, will be stigmatized 
and anxious with untold social consequences. 

Wright et al (2000) promoted the idea of HPV testing on self obtained samples from 
underprivileged women who had no access to cytologic screening. Neither the cost of this 
enterprise nor access of these women to further care were seriously contemplated. Goldie et 
al (2001 ) predictably reported that the effectiveness of HPV testing was higher than direct 
visual inspection in the developing countries but its cost was also higher. These 
considerations are not applicable to the industrialized societies. 

■ HPV typing, as a guide to colposcopy and treatment, only after cytologic evidence of 

CIN. The eligibility for colposcopy will be limited to women showing persisting infection with a 
high-risk HPV type (Nobbenhuis et al, 1 999). For a number of reasons discussed in Part 1 of 
the chapter, this proposal presents a high risk to the patients because of the high failure rate 
of cytologic screening. 

■ HPV typing of women with equivocal cytologic abnormalities (ASC-US) to identify 
patients at risk for progression of the lesions (Sherman et al, 1994; Manosetal, 1999, 

ALTS studies cited above). The high negative predictive value of these studies was 
documented in the ALTS studies but the specificity of positive results is questionable. 

Some of the published data pertaining to the specificity of HPV testing are highly 
misleading because they are based on specificity of the test in the presence of HGSIL. To 
be sure, nearly all women with biopsy-documented CIN II or III will harbor high risk HPV 
(Lorincz and Richart, 2003). However, if the test is applied to a larger population of women of 
all ages, most of the younger, transient carriers of high-risk HPV will not develop documented 
disease. Lonky et al (2003) noted a 39.3% false-positive HPV test rate in women with ASC- 
US. As Lorincz and Richart (2003) appropriately state, HPV testing offers a protection 
against potential litigation. In the Manos paper, HPV typing compared favorably with the 
results of follow-up smears, but at a much higher cost. Several newer papers examined the 
management strategies of ASC-US using the Hybrid Capture System compared with 
cytology, with generally favorable results (Bergeron et al, 2000; Solomon et al, 2001 ; Wright 
et al, 2002; Wright and Schiffman, 2003; Lorincz and Richart, 2003). Sarode et al (2003) 
examined the effect of reflex testing on all patients with ASC-US, and observed that 91% of 
HGSIL were HPV positive (2% for low risk viruses). Levi et al (2003) also addressed the 
issue of reflex testing for women with ASC-US, reported that clinicians do not pay much 
attention to the cytology report and refer patients with positive high risk HPV test to 
colposcopy. 

■ HPV typing may, perhaps, be of value in the interpretation of biopsies of lesions 
difficult to classify (Crum et al, 1997; Park et al, 1999). The results of these interesting 
studies are not persuasive because of the low specificity of HPV typing. 
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As discussed in a thoughtful editorial by Crum (1998), with increasing sensitivity of the methods 
of HPV detection, such as described by Kleter et al (1998), the frequency of positive results 
also increases, reducing the specificity of the test and confusing still further the value of HPV 
testing as a public health measure. Wright and Schiffman (2003) also cautioned about the 
downside of HPV testing. 

HPV Vaccines 

An apparently successful trial of a human HPV vaccine was reported by Koutsky et al (2002). 

Application of HPV Testing to Clinical Practice 

Aseries of recommendations for handling of patients with abnormal cytology were adopted at a 
National Consensus Conference in Bethesda, MD, in 2001 (Solomon et al, 2002; Wright et al, 

2002). These recommendations were formalized as guidelines by the American Society for 
Colposcopy 
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and Cervical Pathology (ASCCP). The society summarized these recommendations in a series 
of algorithms pertaining to various levels of cytologic abnormality (Cox, 2003). These 
recommendations that incorporate HPV testing as an important step in the management of 
patients are summarized in Figure 11-75. 

ASC-US (Atypical Smears) 

The management options include: 

■ Foilow-up by smears 6 months later 

■ HPV testing: if negative — return to routine screening schedule (the screening interval 
could be extended to 3 years) and if positive — refer to colposcopy 

■ In some laboratories, the HPV testing is “reflex” and is automatically performed on any ASC- 
US cytology results 

■ Postmenopausal women with atrophy may require estrogen therapy before repeat 
smears or may be referred for colposcopy or HPV testing without delay 

ASC-H (Suspicious Smears) 

The management options are as follows: 

■ Colposcopic examination 

■ If no lesion is seen, refer the patient for follow-up, HPV testing and cytology (every 6 to 12 
months, possibly followed by diagnostic conization) 



HPV testing 
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Figure 11-75 Diagnostic and therapeutic choices available to women with abnormal 
cervical cytology. The sequence of events in this diagram attempts to include all diagnostic 
and therapeutic options. Colposcopy and biopsies of the cervix remain the pivotal 
diagnostic procedures, leading to therapeutic decisions. Testing for HPV which may be 
“reflex” (i.e., performed on all samples reported as ASC-US) to “selective” (i.e., limited to 
high-risk patients), is a step added to the list of diagnostic options. Although this approach 
increases the number of early neoplastic events discovered, its long-term impact on 
morbidity and mortality from cancer of the cervix remains to be proven. 
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LGSIL 

The management options are as follows: 

■ Colposcopic examination 

■ HPV testing has been shown to be of no diagnostic or prognostic value 

■ In postmenopausal women, estrogen therapy may be of value before colposcopy 

■ In adolescents, a conservative (wait and see) approach may be adopted 

HGSIL 

■ Colposcopic examination with biopsies 

■ If colposcopy is negative and, on review, the cytologic diagnosis is confirmed, a diagnostic 
conization is indicated 

BIOPSY CONFIRMATION OF CONCLUSIVE CYTOLOGIC EVIDENCE OF 
NEOPLASTIC LESIONS 

The evidence has been presented in the preceding pages to show that the spectrum of 
neoplastic events in the uterine cervix comprises lesions ranging from low-grade CIN lesions 
(LGSIL, mild dysplasia, CIN grade I) to invasive carcinoma. It has been emphasized that the 

cytologic presentation 
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may be, at times, misleading and show a pattern of abnormalities that may be much 
below the level of the histologic abnormality. Therefore, in my judgment and 
experience, any patient with cytologic abnormalities suggestive, or diagnostic, of a 
neoplastic lesion of the uterine cervix, regardless of results of HPV testing, should be 
referred for colposcopic evaluation and for possible biopsies of abnormal areas. This 
referral must take place on the basis of the first abnormal smear because of the very 
high failure rate of “confirmatory” smears, as outlined in the preceding paragraphs. 

The recommended procedures in handling patients with abnormal smears are shown in Figure 
11-75. 

It must be stressed that the option of cytologic follow-up, instead of colposcopy for patients with 
low-grade lesions, is judged to be acceptable because of the high rate of disappearance of 
these lesions (Kurman et al, 1994). In fact, smears in many women with this disorder will revert 
to normal (Alanen et al, 1994). This conservative approach may be used so long as the 
practitioner and the patient are aware of the caveats pertaining to the failure of smears 
in the accurate assessment of the lesion and as a follow-up procedure, and the failure 
of the patients to present themselves for follow-up examination. Clearly, the patient 
must be informed about the findings and their significance and should consent to the 
conservative approach after a careful explanation of the options. Colposcopy and biopsy, 
followed by conservative treatment of the lesions, are clearly safer for the patient than cytologic 
follow-up that must be extended for a minimum of 3 years. As discussed above, there is 
limited evidence that HPV testing is useful in these patients. 

COLPOSCOPY AND CERVICOGRAPHY 

The colposcope is a stereoscopic magnifying instrument allowing an inspection of the uterine 
cervix at magnifications from 4 to 20 times. The inspection of the cervix is helped by application 
of a weak solution (2% to 3%) of acetic acid, which dissolves mucus. The instrument also 
allows the inspection of the remaining areas of the portio and of the adjacent vagina. The 

areas of neoplastic epithelial changes, ranging from low-grade lesions (LGSIL, mild 
dysplasia) to HGSIL or carcinoma in situ, are characterized by vascular abnormalities. 

The patterns of the visible vascular changes have received various descriptive terms, such as 
“mosaic” or “punctation.” The inspection may also reveal white zones of surface 
keratinization or “leukoplakia.” 

Stafl (1981) introduced a variant of colposcopy, cervicography, based on color photographs of 
the cervix obtained with a special apparatus, the cerviscope, and evaluated by an expert. 

Patients with abnormalities observed in the photographs are requested to return for colposcopy. 

Ferris et al (2001 ) reported that cervicography was of moderate value in detecting high-grade 
lesions in women with ASC-US or LGSIL. Schneider et al (2002) reported that for neoplastic 
lesions, the sensitivity of cervicography was 64% and specificity 94%. 

Colposcope-Guided Biopsies of Cervix 
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Experienced colposcopists claim that they can identify varying degrees of epithelial abnormality 
and early invasion with only a small margin of error. Nevertheless, it is mandatory and prudent 
to confirm the visual impression by colposcopic biopsies, which have the advantage of being 
obtained under visual control and, hence, directly from the abnormal epithelium. Colposcopic 
biopsies are an office procedure, usually not requiring any anesthesia. Occasionally, the 
colposcopic biopsies are very small and therefore, difficult to handle in the laboratory and 
sometimes very shallow — a point of some importance if the suspicion of invasive carcinoma 
cannot be settled in a decisive manner. 

Nevertheless, there are circumstances when even the most expert use of the colposcope and 
of the colposcopic biopsy will not preclude the necessity of additional investigative procedures, 
such as endocervical curettage or a diagnostic conization. 

USE OF SPECIAL PROCEDURES TO INCREASE THE ACCURACY OF 
BIOPSIES OF THE CERVIX 

Schiller's Iodine Test 

In the absence of a grossly visible lesion, painting the cervix (or the vagina) with a solution of 
iodine (Schiller's test) may assist in localizing epithelial abnormalities. Normal squamous 
epithelium is rich in glycogen, which combines with iodine to form a mahogany-brown stain. If 
there is an epithelial defect from whatever cause, the defect area remains unstained or poorly 
stained. Schiller's iodine test provides only a very general guidance in the search for areas to 
be biopsied (see Fig. 11-20). Certain keratinizing cancers of the portio may contain glycogen 
and stain with iodine. On the other hand, benign abnormalities, such as eversion of the 
endocervical mucosa or leukoplakia, may fail to stain with iodine. Schiller's test gives no 
information on the status of the endocervix. Richart (1964) carefully evaluated the Schiller test 
by means of a colpomicroscope and found that about one-quarter of the patients with known 
carcinoma in situ and nearly one-half of the patients with other forms of cervical intraepithelial 
neoplasia failed to display significant abnormality with this test. Rubio and Thomassen (1976) 
confirmed Richart's observations in a study of 87 patients with precancerous intraepithelial 
lesions and 100 normal women serving as controls. The study, which was carefully controlled, 
revealed a high percentage of false-positive and false-negative staining. Most important, 

Schiller's test proved unreliable in detecting or rejecting areas of precancerous abnormalities at 
the surgical margin of the conization specimen. Thus, Schiller's test can only be considered as 
a poor substitute for colposcopy in the detection of precancerous lesions and should be 
used as a guide to biopsies only if colposcopy is not available. 

Toluidine Blue Stain 

Richart (1963) advocated the use of 1 % aqueous solution of toluidine blue for delineation of 
precancerous lesions and 
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carcinoma in situ in vivo. The method is as follows: The cervix is cleaned with a mucolytic 
solution, prepared by adding a 1 % solution of acetic acid to a 1 oz. (30-ml) cup, the bottom of 
which has been covered by Caroid powder. Following cleansing, the cervix is dried with cotton 
balls. The solution of toluidine is then applied with a cotton-tipped applicator. After several 
minutes, the excess stain is blotted with cotton. The cervix is then washed again with the 1% 
acetic acid solution; the nonneoplastic epithelium of the cervix becomes decolorized or contains 
only a faint residuum of stain, whereas the areas of neoplasia retain a royal-blue stain. 

Inflammatory areas and endocervical columnar epithelium (such as eversions) may retain the 
stain but stain blue-black. 

Because toluidine blue is a nuclear stain, the staining reaction correlated with nuclear density. 

Accordingly, the intensity of the positive (royal-blue) stain reflected, to some degree, the nuclear 
density of the underlying lesion and was less intense in low-grade lesions (dysplasia) than in 
high-grade lesions, including fully developed carcinoma in situ. The test has also been applied 
to oral lesions (see Chap. 21). 

Endocervical Curettage (EEC) and Endometrial Curettage 

This procedure allows the sampling (scraping) of the endocervical canal with a small curet 
without resorting to conization. In my experience, the samples are often fragmented and difficult 
to interpret, particularly in deciding whether or not an invasion has occurred. It must be 
stressed that, occasionally, important tissue evidence of cervical neoplastic events, 
including invasive cancer, may be found in material from endometrial curettage, which 
always should be inspected with care. 

Diagnostic Conization 

This consists of a surgical removal of a conical segment of cervical tissue with the base 
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comprising the transformation zone, the adjacent ectocervical tissue, and the apex, extending 
into the endocervical canal, preferably all the way to the internal os. The procedure, requiring 
anesthesia, may be carried out by means of a scalpel (cold knife conization), a laser beam, or a 
cautery loop (LEEP). Diagnostic conization is required when: 

■ No lesion is visible on colposcopic examination in the presence of definitely abnormal 
cytology; thus, the lesion is presumably located within the endocervical canal, which cannot 
be inspected by the colposcope. 

■ Only a part of the lesion is visible to the colposcopist, and there is evidence of 
extension into the endocervical canal, beyond the reach of the colposcope. 

■ The original biopsies raise the question of invasion, which cannot be definitely settled in 
the material available. 

■ The evidence in the original colposcopic biopsies is not in keeping with the cytologic 
evidence. For example, if cytology is consistent with a fully developed invasive carcinoma 
and the colposcopic biopsy shows only a trivial epithelial atypia, conization should be 
performed. 

■ The findings of endocervical curettage, particularly in reference to the presence of 
invasive cancer, must be clarified. 

Diagnostic conization should not be undertaken lightly because the procedure may result in 
short- and long-term complications (see below). Avery close cooperation between the 
gynecologist and the pathologist is suggested before deciding on diagnostic conization and its 
scope. The cytologic sample may often give a very good indication of the location of 
the lesion and, thus, may guide the gynecologist as to the manner in which the 
procedure should be carried out. Thus, a lesion composed only of large squamous 
dysplastic (dyskaryotic) and keratinized cancer cells is presumably located on the 
portio of the cervix. In such cases, a relatively shallow conization, encompassing the 
transformation zone and the squamous epithelium of the vaginal portio of the cervix, 
but not necessarily the entire endocervical canal, should be carried out. On the other 
hand, if cytologic evidence suggests a lesion located in the endocervical canal, the 
conization should reach the internal os but need not include all of the squamous 
epithelium of the portio. 

Regardless of the type of biopsy, certain common rules should apply. Preparation of 
the cervix prior to biopsy should be very gentle. Any vigorous scrubbing of the surface of 
the cervix may result in removal of valuable tissue evidence. The cervix biopsy or biopsies 
should be obtained preferably in a manner that yields information concerning the geographic 
distribution and the extent of the lesion. Thus, if multiple colposcopic biopsies are 
obtained, each should be preserved in a separate bottle of fixative with precise 
indication of its site of origin, preferably in form of a diagram. 

TREATMENT OF PRECANCEROUS CERVICAL LESIONS 

Until the relatively recent understanding of the natural history of intraepithelial precancerous 
lesions of the cervix, their relatively slow evolution, and low level of progression to invasive 
cancers, the standard therapy for these lesions was hysterectomy with a resection of the cuff of 
the adjacent vagina. In some instances, even radiotherapy was used. 

Since the 1970s, the tendency has been to apply more conservative approaches to treatment 
once invasive carcinoma has been ruled out. In the absence of invasion, none of the 
intraepithelial lesions endangers the life of the patient. All lesions may be treated in a manner 
most consistent with the well-being of the patient and preferably with preservation of the 
reproductive functions. The latter is particularly important for women who nowadays may delay 
childbirth until a later age. The principal modes of therapy in chronological order are: 

■ Conization, either by scalpel (cold knife) or, more recently, by laser beam 

■ Cautery 
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■ Cryosurgery 

■ Laser pulverization 

■ Large loop electrosurgical excision of the transformation zone (LLETZ) 

■ Radiotherapy is not indicated for the treatment of CIN 

All these modes of therapy have the advantage of avoiding hysterectomy, hence, preserving 
the reproductive function. All of these procedures have certain advantages and disadvantages. 

Cold knife conization provides the pathologist with a generous sample of tissues and is the 
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most secure way to rule out invasive cancer. Jordan et al (1964) emphasized that the removal 
of tissue in such cases must include all of the endocervical canal, including the internal 
os, because less extensive procedures are apt to leave behind foci of carcinoma in situ or even 
invasive carcinoma, a point also emphasized by Ferguson and Demick (1960), Anderson et al 
(1980) stressed that the extension of neoplastic lesions into endocervical glands in histologic 
sections may reach 3.8 mm or, occasionally, even more. Thus, accounting for 20% shrinkage of 
tissue, the depth of the conization must be about 6 mm. Burghardt and Holzer (1980) 
emphasized the need for a careful histologic examination of the conization material by step 
sections to rule out invasive cancer. Luesley et al (1985) reported on complications of cold- 
knife conization performed on 915 patients — in 13% there was hemorrhage, in 17% 
stenosis of the endocervical canal, and in 4% either infertility or abnormal pregnancy. 



TABLE 11-14 RESULTS OF CONSERVATIVE TREATMENT OF CIN 

Total 

Number 

of 

Treatment Patients 

Authors Mode Treated Failure Rate Remarks 


Benedet 
et al. 
(1987) 


Various 


1,675 


5%-7% regardless 
of grade of CIN 


81 lesions 
recurred: 2 CIN 1, 
16 CIN II, 63 CIN III 


Creasman 
et al. 
(1973) 


Cryosurgery 


75 


48.5% after one 
treatment, 18.7% 
after 2 treatments 




Levine et 
al. (1985) 


Cryosurgery 


279 


2.9%-5.7% 
regardless of grade 


After subsequent 
conization, the 
failure rate was 
from 0.7% to 2.7% 


Anderson 

(1982) 


Laser 

vaporization 


441 


23.6% after 1 
treatment, 2% after 
2nd treatment 




Hatch et 
al. (1981) 


Cryosurgery 


772 


Persistence 10%- 
20%; recurrence 
3.2%-3.8%, 
regardless of grade 
of CIN 




Chanen 
et al. 
(1983) 


Coagulation 

diathermy 


1,864 


2.7% after single 
treatment 


Cost-effective 


Deigen et 
al. (1986) 


Cautery 


776 


1 0%-1 1 % after 1 
treatment 


No anesthesia, 
cost-effective 


Baggish 

(1986) 


Laser 

excisional 

conization 

Laser 

vaporization 


120 

100 


Not reported 


Same results with 
both methods 


Hanau 
and Bibbo 
(1997) 


LEEP 


162 

(121 

with 

follow- 

up) 


33% LGSIL 


LGSIL most 
common followed 
by HGSIL 
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Neither hysterectomy nor cold-knife conization for precursor lesions guarantee cure. 

Kolstad and Klem (1976) reported on 1,122 patients with carcinoma in situ treated by 
conization. The recurrence rate was 2.3% for carcinoma in situ and 0.9% for unexpectedly 
discovered small invasive carcinomas. After hysterectomy, there were 1 .2% recurrent 
carcinomas in situ and 2.1% invasive cancers. Bjerre et al (1976) reported treatment failure in 
13% of patients treated by conization. Among 186 patients treated by hysterectomy 8 
developed invasive cancers. Thus, all patients must have the benefit of follow-up for at least 5 
years. 

The selected results of treatment of CIN by cautery, cryosurgery, and laser are shown in Table 
11-14. It may be noted that a failure of treatment occurred in all of the series, regardless of 
mode of therapy, ranging from a low of 2.7% to a high of nearly 20% in an early study by 
Creasman et al (1973). With accumulated experience, the treatment failure rate is probably 
between 3% and 5%. It is of interest that the treatment failure was independent of the grade of 
abnormality (where reported) and was just as likely to happen with CIN I as with CIN 
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III, supporting the concept that the size and location of the lesion are more important than the 
morphologic grade of abnormality. 

The large loop electrosurglcal excision of the transformation zone (LEEP or LLETZ), 

initially proposed by Cartier of Paris, is based on thin wire loop electrodes of various sizes that 
can be used to excise the transformation zone and the affected segment of the cervix, with a 
reasonably good preservation of tissues. Low-voltage electrodiathermy current is used for the 
excision, which is, at the same time, of diagnostic and therapeutic value. Therapeutic 
successes in about 95% of patients have been reported (Minucci et al, 1991; Wright et al, 

1991; Luesley, 1992). The method is not without problems and cervical stenosis has been 
reported as a complication of the procedure (Dunn et al, 2004). Sadler et al (2004) noted that 
LEEP, laser cone procedures were a risk factor for preterm delivery. The interpretation of the 
histologic evidence provided by LLETZ, may also present problems because of tissue 
destruction (Montzetal, 1993). 

Follow-up of Treated Patients 

All patients with CIN, regardless of mode of therapy, require follow-up by colposcopy and 
cytology. Regardless of therapeutic procedure, the healing of the cervix takes a minimum of 6 
weeks. During this period, cytologic abnormalities caused by treatment and the healing process 
may be observed (see Chap. 18). If the smear, obtained 6 weeks or more after treatment, 
shows cells with neoplastic changes, these must be considered as evidence of a 
persisting or recurring lesion. 

The efficacy of a single smear in detecting persisting or recurrent CIN is not particularly high, 
probably on the order of 25% (23% in Falcone and Ferenczy's experience). Therefore, at least 
three sets of post-treatment smears must be obtained to rule out the presence of a 
lesion. It must be stressed that the recurrent lesion may occur in the vagina, after 
eradication of the cervical disease. 

Testing for high-risk HPV may be useful in this regard. Patients with persisting presence 
of a high-risk virus are at risk for recurrent lesions (Chua and Hjerpe, 1997; Schiffman et 
al, 2003). 

LABORATORY PROCESSING OF CERVICAL BIOPSIES AND CONIZATION 
SPECIMENS 

Cervical Biopsies 

Each biopsy should be processed individually and embedded “on edge.” Because of the 
fragility of the epithelial lesions, which may readily become detached from the main part of the 
specimen, filtering the fixation fluid is advisable and all fragments of tissues, thus 
obtained, should be embedded. 
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Figure 11-76 Diagram of the method of processing the uterine cervix as devised by Foote 
and Stewart. The cervix is split horizontally, and each half is cut into a series of numbered 
blocks. A diagram accompanies the specimen so that an accurate designation of the 
distribution of carcinoma is possible. (From Foote FW, Stewart FW. Anatomical distribution 
of intraepithelial epidermoid carcinomas of cervix. Cancer 1:431-440, 1948.) 



Conization Specimens 

The exact geographic designation of the areas involved by a precancerous lesion may be of 
direct value to the patient. Thus, if the margins of the excised specimen are occupied by tumor, 
further therapy may be necessary. Unless the entire specimen is investigated, a focus of 
invasion may be overlooked. Therefore, a systematic approach to the investigation of all 
tissue specimens of cervical origin is essential. The surgeon can be of help in the 
laboratory processing of cervical cones by designating a predetermined point, for 
instance, the 12 o'clock area, by a stitch. 

Method of Foote and Stewart (1949) 

This method was used in mapping studies of the precursor lesions of the uterine cervix, 
illustrated in Figure 11-76 and it has proven to be very useful to this day. After splitting the 
cervical cone (or the cervix in cervical amputation and hysterectomy specimens) horizontally, 
the anterior and posterior halves are cut vertically into a series of blocks not thicker than 5 mm. 

Each block is numbered, marked as to the surface that has to be cut, and put into a separate 
container. A diagram of the cervix is prepared, indicating the area of origin of each block. A map 
of the distribution of lesions on the cervix can be created. 

PROGRAMS OF CERVIX CANCER DETECTION AND PREVENTION 

The epidemiologic factors associated with carcinoma of the uterine cervix were discussed in the 
opening pages of this chapter. The data pertaining to the events in cancer of the uterine cervix 
were collected as a consequence of population 
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screening based on cervicovaginal smears. The screening systems are either based on 
voluntary participation of women (so-called opportunistic screening), as in the United States, 
or within the framework of programs organized by statesupported health care systems, as in 
Iceland, Finland, Sweden, the United Kingdom, and the Netherlands. The stateorganized 
programs usually offer cytologic services to women within defined age groups (for example from 
25 to 45), and at defined time intervals (for example, every 3 to 5 years), likely to yield the 
greatest benefits as determined by epidemiologists (Geirson, 1986; Hakama 1978, 1988). The 
women are reminded of screening intervals and the results are computerized for analysis. For 
example, the program in the Netherlands, with screening at 5-year intervals, resulted in 
stabilization but not reduction of cervix cancer (Siemens et al, 2004). Marshall (1965, 1968) 
documented that if the screening is performed on a regular basis within a closed community, 
invasive cancer of the cervix can be eliminated. Unfortunately, such ideal conditions do not 
prevail in larger screening programs, all of which have shown a reduction in the rate of invasive 
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cancer but none of which has so far succeeded in complete elimination of a theoretically 
preventable disease (Koss, 1989). Perhaps the most successful program has been conducted 
in British Columbia, Canada, where the rate of invasive cancer of the cervix dropped from 28.4 
per hundred thousand at the onset of the program in 1955 to 4.0 in 1987 (Table 11-15). The 
program, originally conceived and described by Fidler et al in 1962 and 1968, updated by 
Boyes et al in 1 981 , and by Anderson et al in 1 988, served as a prime example of cervix cancer 
detection systems. Information of value can be obtained from incidence and prevalence 
rates of precursor lesions in a given population. 

Discovery Rates in Newly Screened Populations (Prevalence Rates) 

Primary screening of large populations revealed that from 5 to 20 women per 1 ,000 have an 
occult precancerous lesion or carcinoma of the cervix. The discovery rate is in reverse ratio 
to the economic status, with the highest rate among the economically underprivileged group 
(Christopherson and Parker, 1969). Prevalence of a lesion does not indicate its duration 
prior to discovery. It merely indicates the total number of lesions present in a given population 
at a given time. Some of the lesions may have been present for 10 or more years and some for 
a few months or weeks only. Thus, the prevalence tells nothing about the incidence rate at 
which these lesions are formed de novo. 



TABLE 11-15 CLINICAL INVASIVE SQUAMOUS CARCINOMA OF THE CERVIX: 
INCIDENCE IN BRITISH COLUMBIA 



Year 


Population in Thousands Over Age 
20 


Total 

Cases 


Incidence per 
100,000 


1955 




422.9 


120 


28.4 


1960 




486.4 


96 


19.7 


1965 




543.2 


80 


14.7 


1970 




664.4 


82 


12.3 


1975 




805.5 


70 


8.7 


1980 




912.9 


63 


6.9 


1985 




1,063.1 


68 


6.4 


1987 




1,085.7 


44 


4.0 



(Courtesy of Dr. George H. Anderson, Vancouver, B.C., Canada) 



Discovery Rates in Returning Populations (Incidence Rates) 

To establish true incidence rates for carcinoma of the cervix, a given population of women, 
previously thoroughly investigated and found free of lesions of the cervix, has to be reexamined 
at specified intervals. It may be assumed that all lesions found in such a group represent new 
lesions and, thus, true frequency of new occurrence may be established. The results of early 
population surveys (Christopherson et al, 1962, 1969, 1977) indicate that the initial screening 
resulted in a significant reduction in the prevalence of precursor lesions and invasive 
carcinoma. However, the very high rate of “dysplasia" in returning populations, about 50% of 
the original prevalence rate, strongly suggested that the original screening was not 
effective and that true incidence rates may require repeated screening over a period 
of several years. This has been documented in repeated screenings of the population in a 
study by Melamed et al (1969). The study documented that, after three screenings, the true 
constant incidence rate of new lesions is about 5% for low-grade squamous lesions (LGSIL, 
mild dysplasia, CIN grade I). 

Duration of Precancerous Lesions Before Onset of Invasive Cancer and 
Probability of Invasion 

By determining the age differences among cohorts of women with various lesions of the uterine 
cervix, an attempt can be made to determine the approximate duration of the stages in the 
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development of cancer of the cervix. For example, if the average age of women with a LGSIL is 
22 years of age, HGSIL 29 years, and invasive cancer 40, it can be speculated that 7 years are 
required for a low-grade lesion to “progress” to a high-grade lesion and 11 years are required 
for a high-grade lesion to progress to invasive cancer. In fact, the issue is much more complex, 
because the ideal sequence of events is practically never seen. Further, the frequency of 
precancerous events is vastly in excess of the observed rate of invasive cancer. Thus, the 
complex issues of carcinogenesis in the uterine cervix model cannot be explained 
based on purely epidemiologic data. Some of the other risk factors, including the role of 
HPV infection, have been discussed in Part 1 of the chapter. 
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Guidelines for Cervix Cancer Detection 

The most recent guidelines for detection of precancerous lesions and carcinoma of the uterine 
cervix, established by a committee of experts, were published by the American Cancer Society 
in 2002 (Saslow et al, 2002). 

■ The start of screening should be approximately 3 years after the onset of vaginal 
intercourse but not later than age 21 . 

■ The screening can be discontinued at age 70, after three consecutive negative cervical 
cytology results within a 10-year period. 

■ Screening after medical hysterectomy (with removal of the cervix) for benign disease is 

not recommended. Women with history of CIN II, III should continue screening until three 
consecutive normal cytology results have been secured over a 10-year period. 

■ Screening intervals. Young women should be screened annually (or every 2 years using 
liquid-based cytology). 

The frequency of most effective screening is also being debated. Patients past the age of 30, 
testing negative for high risk HPV, or patients who had three negative cervical smears may 
safely be screened every 3 years with a minimal risk of developing cervix cancer (Sawaya et al, 
2003). 

New Technologies 

■ Liquid cytology. Because of greater sensitivity, a 2-year interval between screening is 
permissible ( the statement does not address the issue of lower specificity — author's 
comment). 

■ HPV testing. The frequency of combined cytology-HPV testing should NOT be done more 
often than 3 years. Counseling of patients about HPV infection is mandatory. 

Additional Recommendations 

Women should be educated that a pelvic examination is not equal to a Pap smear [the opposite 
statement that the Pap smear is not an adequate diagnostic modality in the presence of 
abnormal clinical findings was not included (author's comment)]. 

Appendix — The 2001 Bethesda System 



The Bethesda System (The NCI Terminology and Classification of Cervical / Vaginal 
Cytology). Developed and approved at the National Cancer institute Workshop on 
Terminology for Cervical / Vaginal Cytology, December 12-13, 1988; modified 1991 (JAMA 
267:1892, 1992, and 2001) (Solomon et al, 2002). 

ORGANIZATION OF THE NEW TERMINOLOGY AND CLASSIFICATION 

It is recommended that laboratory reports address each of the following elements: 

■ Specimen type (Pap smear, liquid-based, other) 

■ A statement on the adequacy of the specimen for diagnostic evaluation 

■ Ageneral categorization of the diagnosis (within normal limits or other ) 

■ Descriptive diagnosis, using the following terminology and classification. 

Specimen Adequacy 

■ Satisfactory for evaluation (note presence/absence of endocervical/transformation zone 
component) 

■ Unsatisfactory for evaluation ... (specify reason) 
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■ Specimen rejected/not processed (specify reason) 

■ Specimen processed and examined, but unsatisfactory for evaluation of epithelial 
abnormality because of (specify reason) 

GENERAL CATEGORIZATION (OPTIONAL) 

■ Negative for intraepithelial lesion or malignancy 

■ Epithelial cell abnormality 

■ Other 

INTERPRETATION/RESULTS 

■ Negative for intraepithelial lesion or malignancy 

■ Organisms 

■ Trichomonas vaginalis 

■ Fungal organisms morphologically consistent with Candida species 

■ Shift in flora suggestive of bacterial vaginosis 

■ Bacteria morphologically consistent with Actinomyces species 

■ Cellular changes consistent with herpes simplex virus 

* Other non-neoplastic findings (Optional to report; list not comprehensive) 

■ Reactive cellular changes associated with inflammation (includes typical repair) 

■ Radiation 

■ Intrauterine contraceptive device 

■ Glandular cells status posthysterectomy 

■ Atrophy 

EPITHELIAL CELL ABNORMALITIES 

Squamous Cell 

■ Atypical squamous cells (ASC) of undetermined significance (ASC-US) 

■ Cannot exclude HSIL (ASC-H) 

■ Low-grade squamous intraepithelial lesion (LSIL) encompassing human papillomavirus/mild 
dysplasia/cervical intraepithelial neoplasia (CIN) 1 
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■ High-grade squamous intraepithelial lesion (HSIL) encompassing moderate and severe 
dysplasia, carcinoma in situ; CIN 2 and CIN 3 

■ Squamous cell carcinoma 

Glandular Cell 

* Atypical glandular cells (AGC) (specify endocervical, endometrial, or not otherwise specified) 

■ Atypical glandular cells, favor neoplastic (specify endocervical or not otherwise specified) 

■ Endocervical adenocarcinoma in situ (AIS) 

■ Adenocarcinoma 

■ Other (list not comprehensive) 

■ Endometrial cells in a woman >40 years of age 

Comment 

The key to successful practice of gynecologic cytopathology (and tissue pathology) is 
excellent communications between the laboratories and the gynecologists or other 
practitioners interested in their patients. Many a difficult diagnostic problem, in a cytologic 
sample or in a biopsy, can be resolved by a discussion with the clinician. Bits of valuable 
information, not included in the brief summary submitted with the laboratory request, may have 
a major impact on the diagnosis and recommendations in reference to further handling of the 
patient's problem. 
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12 

Adenocarcinoma and Related Tumors of the Uterine Cervix 

EPIDEMIOLOGY 

Adenocarcinomas derived from the endocervical epithelium constitute approximately 10% to 
15% of all invasive cancers of the cervix. There is suggestive evidence that the frequency of 
endocervical adenocarcinoma may be on the rise (Kjaer and Brinton, 1993). It is possible that 
a better recognition of this group of lesions combined with a reduction in the rate of invasive 
squamous cancer may account for some of the increase. The increased frequency may be 
limited to geographic regions: a marked increase has been observed in Australia, United 
Kingdom and Norway, whereas none has been observed in Italy (Debate, 1999). In the United 
States, there is some evidence of increase in young women (Peters et al, 1986; Schwartz and 
Weiss, 1986; Horowitz et al, 1988). The disease occurs in adult women of all ages but is most 
common in women in their late 40s or early 50s. 

Dallenbach-Hellweg (1981) proposed a possible relationship between endocervical 
adenocarcinoma and long-term use of oral contraceptives containing progesterone. Peters et al 
(1986), Jones and Silverberg (1989), Brinton et al (1990), and Ursin et al (1994) found some 
evidence in support of this concept. Because of a possible association of all forms of 
carcinoma of the cervix with the use of oral contraceptives (see Chap. 10), the selective 
increase of adenocarcinomas in this group of patients has not been documented in a 
persuasive fashion. Horowitz et al (1988) and Parazzini et al (1988) failed to observe significant 
epidemiologic differences between women with squamous carcinoma of the cervix and those 
with adenocarcinoma of the cervix. In fact, the coexistence of precancerous squamous 
lesions or invasive squamous cancer may be observed in nearly one half of patients 
with endocervical adenocarcinoma, suggesting a common denominator for these 
lesions. This common denominator may be human papillomaviruses, particularly types 16 
and 18, which are frequently observed in endocervical neoplastic lesions (Wilczynski et al, 

1988; Tase et al, 1989; Fransworth et al, 1989; Nielson et al, 1990; Duggan et al, 1995; 

Iwasawa et al, 1996; Riethdorf et al, 2002) (for discussion of the human papillomavirus, see 
Chap. 11). Endocervical adenocarcinoma may also be synchronous with endometrial cancer 
(Friedell and McKay, 1953) and with ovarian carcinoma (Livolsi et al, 1983). 
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SEQUENCE OF NEOPLASTIC EVENTS 

It is generally assumed that the sequence of events in the development of endocervical 
adenocarcinoma of the uterine cervix is similar to squamous carcinoma, described in the 
preceding chapter. Theoretically at least, minor morphologic abnormalities of endocervical 
epithelium, variously termed as “atypia” or “dysplasia,” should precede the development of the 
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true precursor lesions — the adenocarcinomas in situ — which, in turn, should lead to 
microinvasive and fully invasive cancers. The term endocervical carcinoma in situ, first 
introduced by Friedell and McKay (1953), has been enshrined in the 2001 Bethesda System of 
reporting (see Chap. 11). Documenting the sequence of neoplastic events in the endocervix 
poses problems because, except for its lowest segment, the endocervical canal cannot be 
visualized by colposcopy and, therefore, cytologic sampling cannot be targeted. Also, in spite of 
numerous efforts, the morphologic recognition of sequential abnormalities of the endocervical 
cells is much more difficult than in squamous cells (Lee et al, 2000). The issue is complicated 
still further by the fact that at least half of endocervical adenocarcinoma is associated with 
squamous or epidermoid neoplasia in various forms that may have common cytologic features 
with endocervical neoplasia. To simplify the discussion of a difficult topic, this chapter will begin 
with a discussion of histology and cytology of invasive endocervical adenocarcinoma, followed 
by a discussion of precursors. 

INVASIVE ENDOCERVICAL ADENOCARCINOMA 

Several elaborate systems of classification of endocervical adenocarcinoma have been 
proposed and recently summarized (Zaino, 2000; Young and Clement, 2002). Because the 
prognosis of these tumors depends more on stage of disease than histologic presentation 
(Berek et al, 1984; Kilgore et al, 1988), the simplest classification is their subdivision into 
common and less common or rare types of tumors. 

Among the common types are: 

■ Adenocarcinoma mimicking normal endocervical glands 

■ Mucus-producing adenocarcinomas 

■ Endometrioid carcinomas 

■ Poorly differentiated carcinomas 

■ Synchronous adenocarcinoma and squamous carcinoma 
Less common or rare are: 

■ Adenosquamous carcinoma 

■ Villoglandular papillary adenocarcinomas 

■ Adenoma malignum (minimal deviation adenocarcinoma) 

■ Glassy-cell carcinoma 

■ Mucoepidermoid carcinomas 

■ Clear-cell carcinoma (see Chap. 14) 

■ Extremely rare adenocarcinomas 

Common Types of Well-Differentiated Adenocarcinoma 
Histology 

Tumors Mimicking Endocervical Glands 

The tumors infiltrate the stroma of the cervix and form glands similar to normal 
endocervical glands, although the glands vary in size and have irregular configuration. 



690 / 3276 



Koss' Diagnostic Cytology & Its HistopathologicIBas&defitincgratinorria and Related Tumors of the Uterine Cervix 

Papillary projections, on the surface of the tumor and within the malignant glands, are fairly 
common. The malignant glands are lined by one or more layers of tumor cells that are either 
columnar or cuboidal in shape, have an opaque, granular cytoplasm, and show significantly 
enlarged, hyperchromatic, coarsely granular nuclei, sometimes provided with large nucleoli (Fig. 

12-1 A). Histologic diagnosis of the well-differentiated endocervical adenocarcinomas may 
occasionally cause diagnostic problems because the glands may be mistaken for normal 
endocervical tissue, particularly in scanty biopsies or endocervical curettage material. 

A number of benign variants or benign abnormalities of the endocervical glands may be 
mistaken for adenocarcinoma. Microglandular hyperplasia, occurring mainly in women with 
progesterone exposure, endocervical tunnel clusters, mesonephric hyperplasia, and 
endocervicosis were discussed in Chapter 10. They all have, in common, formation of 
glandular structures lined by bland benign cuboidal or columnar cells and, regardless of other 
opinions, are not recognizable in cytologic preparations, contrary to endocervical 
adenocarcinoma. Thus, cytologic samples may be of significant help in the interpretation of 
small biopsies of cervix. 

Avery rare lesion termed microcystic endocervical adenocarcinoma mimics benign lesions 
of the endocervix but the cysts are lined by clearly malignant cells. In some of these patients, 
malignant cells may be observed in cervical smears but the precise type of lesion cannot be 
established (Tambouret et al, 2000). 

Although many observers consider all adenocarcinomas derived from endocervical glands as 
mucinous or mucus-producing, it has been my experience that there is little evidence of mucus 
production in the most common adenocarcinomas wherein it is usually confined to a few 
scattered cells. Therefore, endocervical adenocarcinomas with a substantial component of 
mucus-producing cells, are separated out. This subdivision is of value in the interpretation of 
cytologic findings. 

Mucus-Producing Adenocarcinomas 

In these tumors, a substantial proportion of cells lining the glands resemble goblet- or intestinal 
cells, characterized by markedly distended clear cytoplasm filled with mucus (Fig. 12-1 B). 

Some of these tumors may mimic intestinal cancers because of the presence of 
occasional Paneth cells with cytoplasmic granules. Signet-ring types of cancer cells may 
sometimes occur. 

Endometrioid Type of Carcinomas 

These tumors form glands lined by one or more cuboidal cancer cells, mimicking a similar tumor 
of endometrial origin (Fig. 12-1C). Mucus production in the tumor cells is either absent or very 
limited. The nuclear features of the 
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tumors are similar to those of the adenocarcinoma of endocervical type, described above. For a 
detailed morphologic description of endometrioid carcinomas, see Chap. 13. Some of the 
endocervical lesions may be traced to foci of endocervical endometriosis. Others probably 
represent a histologic variant of endocervical adenocarcinoma. In some cases, curettage may 
be required to determine the origin of the tumor in the endocervix or the endometrium. 
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Figure 12-1 Examples of histology of endocervical adenocarcinoma. A. Tumor 
mimicking the structure of normal endocervical glands. B. Tumor with marked mucin 
secretions. C. Tumor mimicking endometrial carcinoma. D. Synchronous presence of a 
high-grade squamous intraepithelial lesion (HGSIL) and endocervical adenocarcinoma. 



As mentioned, these three dominant tumor types are associated with either precursor 
lesions (CIN) or invasive squamous carcinomas which occur in about 50% of cases 

(Fig. 12-ID). The impact of this association on cytology will be discussed later in this chapter. 

Cytology 

Cytologic presentation of endocervical adenocarcinoma has been influenced by the widespread 
use of endocervical brushes. A large number of papers, many cited in this text, described and 
analyzed the abnormalities of endocervical cells in minute details that allegedly led to a more 
precise assessment of the sequence of neoplastic events in the endocervix. Following the 
example of Rosenthal et al (1982), Van Aspert-van Erp et al (1995, 1997), in a series of 
elaborate studies, analyzed at great length numerous visual and computer-generated features 
of endocervical cells in “endocervical columnar cell intraepithelial neoplasia” (ECCIN), 
ranging from mild to moderate to severe atypia, endocervical adenocarcinoma in situ, and 
invasive adenocarcinoma. When the numerous criteria established in these studies were tested 
for reproducibility, only a few of them proved to be of practical diagnostic value. They were 
essentially the same abnormalities of endocervical cells that have been previously 
recognized as consistent with adenocarcinoma. Unfortunately, the analysis of 
abnormalities of the endocervical cells is further complicated by benign atypias occurring in 
these cells, discussed in Chapter 10 and later in this chapter. If the endocervical brush-induced 
sampling artifacts are added to the mix, it becomes evident that the topic of abnormalities of 
endocervical cells may be extremely complex and the elaborate studies have been of limited 
value in the practice of cytopathology. ThinPrep liquid preparations of cervical samples have a 
significant effect on morphology of endocervical cells. The nuclei are generally smaller 
(shrunken) and the nucleoli are often evident in benign cells (Johnson and Rahemtulla, 1999; 
Selvaggi, 2002). 
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Cells of Well-Differentiated Invasive Endocervical Adenocarcinoma 

It is virtually impossible to separate the three main types of endocervical adenocarcinoma from 
each other in cytologic preparations, although, occasionally, mucus-producing 
adenocarcinomas 
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may shed cells suggestive of this tumor type (see below). In the cervical material, the smear 
background often shows blood, necrosis, and cell debris. 

In samples obtained by either cervical scrapers or endocervical brushes, the following 
features may be observed: 

■ The dominant cancer cells are usually columnar, although often larger or smaller than 
normal endocervical cells. They have opaque and granular or clear cytoplasm and 
abnormal nuclei. The nuclear changes comprise enlargement, hyperchromasia, coarse 
granulation of chromatin and sometimes large, irregular, and multiple nucleoli (Figs. 12- 
2Aand 12-3A). 

■ The cancer cells often form spherical or oval clusters of superimposed cancer cells, 
corresponding to tumor papillae (Figs. 12-2B.C and 12-3B). At the periphery of such clusters, 
the columnar configuration of the component cells may be observed. On careful focusing, 
gland formation within the clusters can be observed. 

■ In yet other cases, mitotic figures and apoptotic break-up of nuclei may occur (Fig. 12- 
4A). Occasionally, large malignant cells, without distinguishing features, may be noted (Fig. 
12-4B.C). 

■ The cancer cells are often arranged in parallel clusters (palisading), reflecting the 
arrangement of the tumor cells on the surface epithelium (Fig. 12-5A). 

■ They may be arranged around a central lumen (rosettes), reflecting the tendency of the 
tumor cells to form glands (Fig. 12-5B). 

■ Approximately spherical “signet ring” cancer cells are characteristic of mucus-producing 
adenocarcinoma. Such cells have a large, peripheral nucleus and a cytoplasm with a 
large, mucus-containing single vacuole or several smaller vacuoles (Fig. 12-5C). 

■ It is not uncommon to observe, in cervical smears of endocervical 
adenocarcinomas, a few dysplastic (dyskaryotic) or cancer cells of squamous type. 

These reflect abortive forms ofsquamous carcinoma, which maybe associated with 
endocervical adenocarcinoma (see below). Very rarely, similar findings may be observed in 

adenoacanthomas of the endometrium (see Chap. 13). 

■ In samples obtained by endocervical brushes, additional features of such tumors can be 
noted: 

■ Large, complex clusters of tumor cells are often removed from the fragile surface of the 
tumor. Sometimes capillary vessels can be seen coursing through the cluster (Fig. 12-6A). 

Again, the search for columnar shape of the component cells and gland formation 
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within the cluster are the essential prerequisites of diagnosis. 

■ Isolated “naked” nuclei of malignant cells are more common in brush than in scrape 
specimens and may be quite numerous (Fig. 12-6B). Some of these nuclei may appear 
quite bland and pale (Fig. 12-6C). 
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■ “Feathering” of cells on the surface of the cluster is less common, although this feature 
has been strongly emphasized in the literature. The term, introduced by Ayer et al (1987), 
pertains to clusters, wherein the peripheral cancer cells are approximately perpendicular to 
the long axis of the cluster, thus having some resemblance to a feather (Fig. 12-7B,C). It is 
essential to verify that the nuclear features of the component cells are those of a 
malignant tumor because, on rare occasions, this cell arrangement may also occur 
with benign endocervical cells and cells from other organs, such as the bronchus (Fig. 
12-7D). 

■ It is of historic interest that, in adenocarcinoma of the endocervix, the malignant cells 
will be found primarily in the direct cervical sample, whereas those of endometrial 
(and tubal or ovarian) origin will be found primarily in the vaginal pool smears which, 
nowadays, are unfortunately very rarely obtained. These differences cannot be recognized in 
liquid preparations. 




Figure 12-2 Endocervical adenocarcinoma. A-C. Cancer cells, either dispersed or 
forming tight papillary clusters. The elongated columnar configuration of some of the 
cancer cells is particularly evident in A. D. Tissue lesion corresponding to A-C, showing a 
well-differentiated endocervical adenocarcinoma. 
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Figure 12-3 Endocervical adenocarcinoma with a different cytologic presentation. 

In A, the cancer cells mimic normal endocervical cells, except for nuclear enlargement and 
hyperchromasia. B shows a papillary cluster of cancer cells which are much larger than 
those shown in /land shows significant nuclear and nucleolar abnormalities. C,D. Tissue 
sections corresponding to /land B. In C, a clear transition between normal and cancerous 
endocervical epithelium is shown. D shows the invasive component of the tumor. 



Poorly Differentiated Endocervical Adenocarcinomas 
Histology 

These tumors are usually observed in advanced stages of disease as grossly visible tumors of 
the cervix. Their derivation from either the endocervical or endometrioid adenocarcinomas or, 
for that matter, poorly differentiated squamous (epidermoid) type of cancer may be difficult to 
determine. The tumor cells grow in solid sheets, wherein only occasional gland formation may 
be observed (Fig. 12-7). 

Cytology 

Poorly differentiated adenocarcinomas may be difficult to recognize because of necrotic 
debris and blood that are usually present in such preparations and may obscure cancer cells. 

The cancer cells derived from such tumors may retain some of the features of a well- 
differentiated carcinoma, notably the columnar shape of the cells and the spherical 
clustering. In many such cases, however, the cancer cells are of spherical or irregular 
configuration, vary in size, and have the characteristic nuclear features of advanced 
cancer, to wit, irregular shape, coarse chromatin arrangement and large nucleoli. In 
some cases, however, hyperchromasia may be absent and the large nuclei may be pale 
(see Fig. 12-6C). The cytoplasm is scanty and, therefore, the nucleocytoplasmic ratio is 
modified in favor of the nucleus. Abnormal mitotic figures may be observed. In such cases, the 
diagnosis of cancer is usually evident but the precise cytologic diagnosis of an 
adenocarcinoma may be difficult to establish and usually requires histologic evidence. 
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Figure 12-4 Endocervical adenocarcinoma. A The cluster of cells shows marked 
mitotic activity. B. Scattered cancer cells, some with columnar configuration. C. A papillary 
cluster of poorly differentiated cells with large nuclei and nucleoli. D. Tissue section 
corresponding to C showing invasive well-differentiated adenocarcinoma. 




Figure 12-5 Endocervical adenocarcinoma. A The smear shows palisading of columnar 
cancer cells, usually attributed to adenocarcinoma in situ. B. Columnar cells forming a 
rosette (arrow). C. Signet ring cancer cells. D. Tissue section corresponding to B and C 
showing invasive mucus-producing adenocarcinoma of the endocervix. 
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Figure 12-6 Poorly differentiated endocervical adenocarcinoma in a brush 
specimen. A A large, compact cluster of cancer cells. B. Isolated “naked” nuclei of cancer 
cells. C. Cancer cells with bland nuclei forming clusters. D. Invasive adenocarcinoma. 



Microinvasive Adenocarcinoma 
Histology 

Using criteria applicable to the definition of microinvasive squamous carcinoma, Christopherson 
et al (1979) were apparently the first to apply this concept to cervical adenocarcinoma. Tumors 
infiltrating the cervical stroma to the depth of 5 mm or less were designated as microinvasive 
endocervical adenocarcinomas. The term was used by Bousfield et al (1980) in a large series 
of cases without further definition. Betsill and Clark (1986) defined this entity as tumors 
infiltrating to the depth of 2 mm or less. Mulvany and Ostor (1997) described 24 cases 
classified as microinvasive adenocarcinoma with invasion of 5 mm or less. In such cases, small 
malignant glands or solid nests of cancer cells are seen in the cervical stroma, outside 
of the normal boundaries of the cancerous surface epithelium or glands. However, as 
previously discussed, the depth of distribution of normal endocervical glands varies from patient 
to patient and so do the boundaries. Such tumors virtually never form metastases. 

It is our judgment that the diagnosis of microinvasive endocervical carcinoma is very 
difficult to establish, is not reproducible, and, in any event, it is of questionable 
practical value, because the prognosis of surgically treated endocervical microinvasive 
adenocarcinoma appears to be as favorable as that of carcinoma in situ, as documented by 
Betsill and Clark (1986), Ostor et al (1997), and Mulvany and Ostor (1997). 

Cytology 

Despite elaborate descriptions by Bousfield et al (1980) and Ayer et al (1988) from the same 
laboratory, it is doubtful that the cytologic identification of microinvasive carcinoma is possible in 
a reliable and reproducible fashion. In 12 of the 40 cases so classified, Mulvany and Ostor 
(1997) observed more pleomorphic nuclei, coarse chromatin pattern, karyorrhexis and cell 
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Figure 12-7 Other cytologic features of adenocarcinoma. A. Cells of endocervical 
adenocarcinoma mimicking the so-called repair. B. The so-called feathering of cancer cells 
which is a useful brush-induced diagnostic artifact. C. Higher magnification of feathering in 
B. D. Feathering of normal endocervical cells in a brush specimen. ( B,C : Courtesy of Dr. 

M. Zaman, New York Medical College, Valhalla, NY.) 



PRECURSOR LESIONS OF INVASIVE ENDOCERVICAL ADENOCARCINOMA 

Endocervical Adenocarcinoma in Situ 

It is logical to expect that invasive endocervical adenocarcinomas are preceded by a cancerous 
change in the endocervical epithelium and glands. By definition, adenocarcinoma in situ is a 
malignant transformation of surface and endocervical gland epithelium in its normal 
anatomic setting. There are major individual differences in the distribution of endocervical 
glands and, in some women, normal glands may be found in the depth of the cervical 
stroma. When such deeply seated glands show malignant changes, it is sometimes difficult 
to state with certainty whether an adenocarcinoma is still in situ or whether an 
invasion has taken place. In most such cases, it is prudent to err on the conservative 
side. 

Histology 

The affected epithelium lining the endocervical canal and the adjacent endocervical 
glands is composed of columnar, less often cuboidal, cancer cells that are usually larger 
than normal endocervical cells (Figs. 12-8C,D, 12-9D, 12-10C,D). The size and 
configuration of the cancer cells is best assessed in cases wherein there is a clear-cut 
transition of normal to cancerous epithelium within the same or adjacent glands (Figs. 
12-9D and 12-10D). In some of the glands, “bridges” of cancer cells criss-crossing the lumen 
may be observed (Fig. 12-9D), as is also the case in other ductal carcinomas such as the 
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breast (see Chap. 29). The epithelium of some adenocarcinomas in situ contains Paneth cells 
with cytoplasmic granules, suggestive of intestinal differentiation. Although the malignant 
epithelium may be formed by a single, fairly orderly layer of cuboidal or columnar cells, 
similar to the normal endocervix, in many areas the cancer cells form two or three layers 
and short papillary projections. Nuclear crowding may be particularly evident at the tips of 
the papillae. 

In the cancerous epithelium, the nuclei are enlarged, of irregular contour, 
hyperchromatic, and sometimes coarsely granular. In some cells, readily visible nucleoli 
are present but this is rarely the dominant feature of these cells. Mitotic figures are often 
evident in the cancerous epithelium and are an important diagnostic feature because 
mitoses are rare in normal endocervical epithelium (Fig. 12-8D). Biscotti and Hart (1998) 
pointed out that 
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the presence of apoptotic bodies (i.e., nuclear necrosis with coarse fragmentation of 
chromatin; see Chap. 6), within the malignant epithelium, is characteristic of this disorder. 




Figure 12-8 Endocervical adenocarcinoma in situ. A A cluster of cancer cells showing 
some peripheral palisading. B. Cancer cells forming small rosettes. C,D. Corresponding 
tissue lesion showing in situ transformation of endocervical glands (C) and surface 
epithelium (D). Note numerous mitoses in D. 



The configuration of carcinoma in situ is similar in nearly all cases, although Jaworski et al 
(1988) classified two cases as “endometrioid carcinoma in situ,” because of absence of 
mucus production in the lesions. In a large proportion of cases, endocervical 
adenocarcinomas in situ are accompanied by preinvasive lesions of squamous type 
(CIN) or even invasive squamous carcinoma (see below). 

Natural History 

There are few reports in the literature about progression of endocervical carcinoma in situ to 
invasive carcinoma. In the case reported by Buttner and Kyank (1973), 11 years elapsed before 
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invasive carcinoma developed. Boddington et al (1976) reviewed prior cervical smears in 13 
women who developed endocervical adenocarcinoma. In six of these patients, prior cytologic 
abnormalities were observed over a period of several years, leading to the conclusion that 
adenocarcinomas have an evolution extending over two to eight years. On retrospective review, 

Boon et al (1981) observed adenocarcinoma in situ that was not recognized in biopsies 
obtained three to seven years before the development of invasive adenocarcinoma. Lee and 
Flynn (2000) estimated that the progression of adenocarcinoma in situ to invasive cancer 
requires approximately 5 years. 

Personal observations also point to a long developmental period in the natural history of these 
lesions. This information is anecdotal, based generally on cases in which a cytologic diagnosis 
of adenocarcinoma was followed by endocervical curettage in which evidence of 
adenocarcinoma was not recognized, some years prior to the development of invasive 
tumor. The most common source of biopsy error was the presence of strips of mucus- 
forming epithelium which, in spite of nuclear abnormalities, were thought to represent 
benign endocervical epithelium (see Fig. 12-11). Because of the life-threatening nature of 
endocervical adenocarcinoma, no follow-up studies of untreated adenocarcinoma in situ have 
been conducted and none should be contemplated. However, in follow-up studies of several 
personally observed patients treated for adenocarcinoma in situ by conization, it was noted that 
these patients were prone to the development of other neoplastic events in the cervix in the 
form of recurrent adenocarcinoma or squamous precursor lesions (CIN). 

Cytology 

Adenocarcinoma in situ of the cervix has been recognized in the Bethesda System 2001 as a 
separate cytologic category. 
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The cytologic presentation of this entity has been extensively discussed in the literature 
(Qizilbash, 1975; Betsill and Clark, 1986; Ayer et al, 1987, 1988; Lee et al, 1991, 1997; 
Keyhani-Rofagha et al, 1995; Biscotti et al, 1997; Cangiarella and Chhieng, 2003; Chhieng and 
Cangiarella, 2003). In some of the pertinent papers, the smear patterns of this lesion have been 
compared, on the one hand, with invasive adenocarcinoma and, on the other hand, with benign 
abnormalities of endocervical cells. The difficulties of cytologic diagnosis of adenocarcinoma in 
situ have been previously emphasized (Boon et al, 1981; Luesley et al, 1987; Di Tomasso et al, 

1996; Lee et al, 1997). Renshaw et al (2004), in an elaborate study of performance of 
practicing pathologists, reported that the cytologic recognition of this entity was significantly 
lower than that of other important precancerous lesions or cancer. It is quite evident that there 
is no unanimity on the reproducible features of this lesion and, therefore, this description is 
based mainly on personal experience. 
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Figure 12-9 Endocervical adenocarcinoma in situ. A. Columnar cancer cells with large 
nuclei and nucleoli. B. Afragment composed of palisading endocervical cancer cells. C. A 
thick papillary cluster of cancer cells. D. The tissue lesion corresponding to A-C. Note 
sharp transition between normal and malignant epithelium. 



The cytologic presentation of an endocervical adenocarcinoma in situ is that of a well- 
differentiated invasive endocervical adenocarcinoma with several added features: 

■ The background of the cytologic preparation is usually free of necrosis and cell 
debris, although a few leukocytes and blood may be present. In our experience, this 
feature is valuable in separating an adenocarcinoma in situ from invasive cancer (see Figs. 

12-8AB and 12-10A). 

■ In some cases, fairly slender, dispersed columnar cells with nuclear enlargement 
and moderate hyperchromasia may be observed (see Figs. 12-8A 12-9A 12-10A). 

Such cells are less common in invasive adenocarcinoma. 

■ The nuclear abnormalities observed in the columnar or cuboidal malignant cells vary 
and are sometimes less marked than in invasive cancer: although the nuclei are 
enlarged and hyperchromatic, they do not always display coarse granulation of chromatin. 

Large, prominent nucleoli are uncommon (see Figs. 12-8AB and 12-9A). 

■ Compact, spherical clusters of malignant cells and fragments of abnormal 
endocervical glands are fairly frequent (see Figs. 12-9C and 12-1 OB). 

■ Cell palisading and “rosette” formation are fairly common (see Figs. 12-8B and 12-9B). 

These features occur more often in adenocarcinoma in situ than in invasive cancer. 

■ Signet ring cells and “naked” enlarged and hyperchromatic nuclei are rare. We have 
not observed the “apoptotic bodies” reported in tissue sections. 
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■ Changes observed in brush specimens are rarely of value in separating 
adenocarcinoma in situ from invasive cancer. Large, complex clusters of 
endocervical cells and “feathering” are observed in both types of lesions, but also 
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as a brushing artifact with benign endocervical cells (see Fig. 12-7). 

■ Occasionally, ciliated abnormal cells may be present. Although such cells occur mainly 
in tubal metaplasia, discussed in Chapter 10, their presence does not necessarily 
indicate a benign lesion if the nuclear features of such cells suggests a malignant 
transformation. Endocervical adenocarcinomas with ciliated cells have been described 
(Schlesinger and Silverberg, 1999). 




Figure 12-10 Endocervical adenocarcinoma in situ. A The dominant cells are 
columnar cancer cells with somewhat enlarged hyperchromatic nuclei. B. Asmall papillary 
cluster of endocervical cancer cells. C,D. Tissue sections corresponding to /land B and 
showing the contrast between normal and cancerous endocervical glands. 



A number of observers (Bousfield et al, 1980; Betsill and Clark, 1986; Ayer et al, 1987; Pacey et 
al, 1988; Laverty et al, 1988; Di Tomasso et al, 1996) attempted to classify endocervical 
adenocarcinomas in situ into well-differentiated and poorly differentiated types, based on the 
level of nuclear abnormality. In our experience, this subclassification is not reproducible and is 
not of clinical significance since it does not lead to different prognostic or therapeutic 
conclusions. In general, the cytologic diagnosis of an adenocarcinoma is usually fairly 
easy, but the determination whether the lesion is still in situ or invasive is much more 
difficult. The custom in our departments is to emphasize that the lesion is “possibly” or 
“probably” a carcinoma in situ. Bai et al (2000) claimed that the yield of glandular lesions of 
the endocervix was increased using the ThinPrep technique but this issue is contentious 
(Cangiarella and Chhieng, 2003). 

Endocervical Gland Atypia or Dysplasia 

Based on experience with squamous lesions of the uterine cervix, it has been postulated that 
endocervical adenocarcinoma in situ is preceded by lesser degrees of abnormality that may, 
perhaps, be recognized in cytologic and histologic samples of the uterine cervix. 

The term endocervical dysplasia was introduced by Alva and Lauchlan (1975), who 



702 / 3276 



Koss' Diagnostic Cytology & Its HistopathologicIBas&defitincgratinorria and Related Tumors of the Uterine Cervix 



described slight histologic abnormalities of endocervical epithelium that may have preceded an 
adenocarcinoma in situ. Bousfield et al (1980) used this term to describe cytologic findings not 
supported by histologic observations although, in two of the three such cases, the initial 
cytologic diagnosis was adenocarcinoma, not confirmed on biopsy. Brown and Wells (1986), in 
a review of histology, proposed the term possibly pre-malignant cervical glandular atypia, 
describing changes in endocervical glands accompanying high grade squamous lesions, as 
shown in Figure 12-3. Wakefield and Wells (1985) 
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observed, in such glands, changes in the composition of endocervical mucus with 
increase in sialomucins, similar to those observed in colonic adenocarcinoma. The change can 
be demonstrated by staining the cells with Alcian blue (pH 2.5) which is negative with normal 
mucins but positive in the presence of sialomucins. Lee et al (2000) attempted to identify the 
“dysplastic” lesions with HPV testing and proliferation index with debatable results. In a recent 
review, Young (2002) qualified these abnormalities as “nebulous” and this writer agrees. 




Figure 12-11 Endocervical adenocarcinoma missed on biopsy. A,B. Clusters of 
cancer cells diagnosed as adenocarcinoma. C. A biopsy fragment interpreted as normal 
endocervical gland. D. A subsequent biopsy, obtained 1 year later, showing fragments of 
well-differentiated endocervical adenocarcinoma. 



Relatively minor abnormalities of cells lining the endocervical glands may be observed, usually 
at the periphery of adenocarcinoma in situ, or sometimes in glands adjacent to high 
grade squamous lesions (see Fig. 11-35D). Slight nuclear enlargement and 
hyperchromasia, sometimes accompanied by irregularly shaped or angular nuclei, are 

a common feature of such glands. Mitoses may be occasionally observed. Such changes in 
endocervical cells are not specific as they may also occur in a variety of benign events 
(described in Chap. 10). 



Ioffe et al (2003) proposed three criteria to separate “glandular dysplasia” from either benign or 
clearly malignant noninvasive glandular lesions. These were: nuclear atypia, stratification of 
cells and the sum of mitosing and apoptotic cells in selected glands. By scoring these three 
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parameters on a scale from 1 to 3 and adding the results, it was proposed that values 0 to 3 
represented a benign lesion, scores 4 to 5 glandular dysplasia, and scores 6 to 9 an 
adenocarcinoma in situ. The scoring system was tested by the authors who reported a good 
agreement among observers. The value of this proposal must be independently tested. 

Because most of these lesions are excised by biopsy, there are no follow-up studies known to 
us that could clarify the prospective significance of such lesions which we prefer to classify as 
“nonspecific atypias of endocervical epithelium” or glands. Occasionally, such changes 
are observed in incidental biopsies of the endocervix and may sometimes cause diagnostic 
problems, requiring additional biopsies to determine whether or not the lesion is malignant or, 
perhaps, adjacent to an adenocarcinoma or even a high grade squamous lesion. In some of 
these patients, a squamous lesion or an endocervical adenocarcinoma is ultimately 
recognized. The term dysplasia, applied to these changes, is not helpful because it does not 
provide therapeutic guidelines to the clinician. The reproducibility of these diagnoses is 
doubtful. Lee and Crum et al (2000), using proliferative index and HPV testing, concluded that 
most of these minor atypias are not precursors of carcinoma. 

The 1988 Bethesda System initially recognized the difficulty 
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to classify abnormalities of endocervical cells as atypical glandular cells of unknown 
significance (AGUS). The term has been abolished in the 2001 Bethesda System because of 
a very large proportion of neoplastic lesions of the uterine cervix that were recognized on 
colposcopy and biopsies of the cervix (Jackson et al, 1996; Korn et al, 1998; Chhieng et al, 

2000; Reuss et al, 2001; Meath et al, 2002; Hammoud et al, 2002). As discussed in Chapter 11, 
perhaps the most surprising outcome of the AGUS smears was the high frequency of high- 
grade squamous intraepithelial lesions (HGSIL) discovered in these women, whereas 
adenocarcinomas were relatively uncommon, constituting less than 10% of the lesions 
found in biopsies of the cervix. An effort to subdivide AGUS into “favor reactive” or “favor 
neoplastic” was of limited value (Siziopikou et al, 1997; Moriarty and Wilbur, 2003; Cangiarella 
and Chhieng, 2003). Raab et al (1998) noted that the reproducibility of the AGUS category of 
diagnoses was very poor among experienced cytopathologists. This was amply confirmed on a 
more recent study by Simsir et al (2003). As emphasized in Chapter 11, high grade squamous 
lesions, located in the endocervical canal, often shed columnar cancer cells, similar to 
those seen in endocervical carcinomas. 

Cytology 

In my experience, there are no specific cell features that would reproducibly identify 
the atypical endocervical glands, as predictive of an adenocarcinoma. However, it 
appears appropriate to describe here the nonspecific changes that may be observed in 
cytologic material. 

Atypia of Endocervical Cells 

Such abnormalities may be observed in scrape smears and in endocervical brush specimens. 

The minimal abnormalities in the endocervical cells of potential diagnostic significance are 

nuclear enlargement and hyperchomasia of various degrees in otherwise well-formed, 
but often enlarged columnar endocervical cells, occurring either singly or in small cohesive 
clusters (Fig. 12-12A-C). Coarse granulation of chromatin and irregular nuclear contour 
are occasionally observed, but nucleoli are absent or small. Some of these clusters may 
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show parallel arrangement or palisading of endocervical cells, when derived from the surface 
epithelium (Fig. 12-12C). Such cells were described in Chapter 11 as karyomegaly or 
dyskaryosis (dysplasia) of endocervical cells but may also occur in cervicitis with negative 
follow-up (Fig. 12-1 2D). It is presumed that karyomegaly of endocervical cells corresponds to 
the term of “endocervical-columnar cell dysplasia” (Bousfield et al, 1980) or 
“endocervical columnar cell intraepithelial neoplasia of mild or moderate grade,” a term 
coined by van Aspert-van Erp et al (1995). 

Some of these abnormalities may be classified as atypical endocervical cells, discussed in 
Chapter 11 and above. Their diagnostic significance is not always clear, because such 
cell changes represent a common denominator of a broad spectrum of lesions, some 
of which are benign and some malignant (Selvaggi and Haefner, 1997). However, the 
malignant lesions can be an adenocarcinoma, a squamous precursor lesion of 
endocervical derivation, or both. In an occasional biopsy, it is possible to trace the origin of 
such cells to atypical epithelium in endocervical glands, usually adjacent to the 
transformation zone and commonly observed in high grade squamous epithelial lesions (see 
Fig. 12-1 2D and Chap. 10). 

Among the benign lesions, it must be noted that similar and usually transient abnormalities 
of endocervical cells may occur: 

■ In “repair,” or in florid metaplasia of the endocervical epithelium (see Chap. 10) 

■ In single endocervical cells for a variety of reasons, such as tubal metaplasia or 
inflammation 

■ During normal pregnancy 

■ In women wearing intrauterine contraceptive devices (lUDs) (see Chap. 10) 

■ In women receiving contraceptive medication with a high progesterone content (see 
Chap. 10) 

The finding of endocervical cell dyskaryosis, not otherwise accompanied by more conspicuous 
cell changes, is relatively uncommon, but it is deserving of a most careful clinical 
examination, combined with colposcopy, endocervical biopsies or curettage to rule out 
incipient carcinoma. 

Attempts to Separate Preneoplastic From Nonneoplastic Abnormalities of 
Endocervical Cells 

Because of limits of morphology in predicting the future behavior of endocervical cell 
atypias, several attempts have been proposed to identify women at risk. The chief approach 
was based on HPV testing, discussed at some length in Chapter 11. Perhaps the most 
important study cited was the ALTS study (Solomon et al, 2001) which documented a very 
high negative predictive value of HPV testing, i.e., extremely low probability that women 
testing negative for HPV will develop a neoplastic lesion of the cervix. The study failed to 
demonstrate that the presence of HPV did necessarily lead to neoplastic events. On the other 
hand, Ronnett et al (1999) reported that testing for high risk HPV types in women with the 
diagnosis of AGUS accurately identified the carriers of HGSIL and endocervical 
adenocarcinoma. Riethdorf et al (2002) and Negri et al (2003) used the cycl in -dependent 

kinase inhibitor (a tumor suppressor gene) pi 6^^^ as a marker for HPV-encoded 
transcription of E6 and E7 open reading frames. The stain was negative or weakly positive in a 
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number of benign controls and strongly positive in adenocarcinoma in situ. A number of caveats 
about the specificity of the reaction and its applicability to cytologic samples robbed this 
observation of practical value. Still, Negri et al (2003) reported strong expression of this 
gene in neoplastic endocervical cells in liquid samples. 

Several authors used the antibody MIB 1 directed against the proliferation antigen Ki-67, a 
marker for mitotically active cells, to separate benign changes from endocervical neoplasia 
(McCluggage et al, 1995; Cina et al, 1997; Lee et al, 2000; Pirog et al, 2001). The results were 
equivocal. Lesions with fewer than 10% nuclei staining were usually 
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benign and lesions with over 50% of positive nuclei were usually malignant. HPV testing of the 
lesions with over 10% positive nuclei allowed additional triage of the lesions. The method 
appears to be effective on both low and high ends of the spectrum but is insecure in cases of 
microglandular hyperplasia, tubal metaplasia, and in patients with recent biopsies (Lin et al, 

2000; Pirog et al, 2001). 




Figure 12-12 Examples of atypical endocervical cells, some of which may be the 
precursor lesions of endocervical adenocarcinoma. A Two clusters of endocervical 
cells with enlarged hyperchromatic nuclei compared with normal endocervical cells in the 
same field (arrow). The follow-up of this patient was negative. B. A cluster of endocervical 
cells with markedly enlarged, somewhat hyperchromatic nuclei. The follow-up on this 
patient was negative. C. A cluster of palisading endocervical cells with slight nuclear 
enlargement. The follow-up on this patient was negative. D. Biopsy of endocervix 
corresponding to C shows surface epithelium with enlarged dark nuclei. There was no 
evidence of carcinoma in this case. 



Biscotti and Hart (1998) and Moritani et al (2002) observed that mitotic index and the 
presence of cells showing apoptosis were characteristic of malignant glandular lesions and 
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were helpful in separating them from a broad spectrum of benign disorders. Unfortunately, 
mitoses and apoptosis may not be evident in the cytologic samples and are, therefore, of limited 
practical value. 

SYNCHRONOUS ADENOCARCINOMAAND SQUAMOUS CARCINOMA 
Synchronous association of squamous (epidermoid) and adenocarcinoma is a common 
event that occurs in about half of the glandular lesions (Ayer et al, 1987). Both lesions 
may be in situ, one of them may be in situ and the other invasive, or both of them may 
be invasive. Each tumor appears to be leading an independent existence and maintains its 
behavior pattern, with the adenocarcinoma apparently capable of earlier distant metastases 
than epidermoid carcinoma. As has been mentioned in the introductory remarks to this chapter, 
the two types of lesions may have a common denominator in the form of human papillomavirus 
infection, mainly types 16 and 18. 
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Figure 12-13 Coexisting squamous and adenocarcinoma. A. Acluster of dysplastic 
squamous cells. B. Endocervical cancer cells arranged in a form of a palisade. C. The 
HGSIL coexisting with endocervical adenocarcinoma shown in D. Both lesions were focally 
invasive. 



Cytology 

The coexisting adenocarcinomas and squamous carcinomas may shed cells of both 
tumor types side by side. In many instances, however, the squamous malignant cells 
conceal or precede the presence of adenocarcinoma. In several personally observed 
cases, the disease began as a dyskaryosis (dysplasia) of superficial squamous cells, 

followed without treatment, and culminated in the development of squamous and 
adenocarcinoma several years later (Fig. 12-13). In many instances, the adenocarcinoma will 
be a surprise diagnosis in biopsies (Fig. 12-14). 
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BEHAVIOR AND PROGNOSIS OF THE COMMON TYPES OF ENDOCERVICAL 
ADENOCARCINOMA 

Adenocarcinomas originating within the endocervical canal may remain clinically occult for 
long periods of time, unless detected by a cytologic sample or an incidental biopsy. 

Fully developed invasive adenocarcinomas are sometimes bulky and may produce clinical 
symptoms of spotting, bleeding, or discharge. The tumors rarely occur before the age of 30, but 
otherwise can occur at any age, most often between the ages of 50 to 60. The prognosis of 
endocervical adenocarcinoma is stage dependent (Berek et al, 1984; Kilgore et al, 1988). For 
staging of cervical carcinomas, see Table 11-3. 

For stage 0 tumors (carcinoma in situ and microinvasive carcinomas), the survival after surgical 
treatment is close to 100%. Cure of endocervical adenocarcinoma in situ can be achieved 
with cold knife conization procedure or a large electron loop excision (LLETZ procedure) but, in 
many instances, this treatment will be followed by a hysterectomy (Betrand et al, 1987). 

Hopkins et al (1988) suggested that all these patients should be treated by hysterectomy and 
lymph node evaluation. Personal experience suggests that women treated conservatively for 
early stage disease are prone to develop new neoplastic lesions of the cervix with the passage 
of time and, therefore, should be carefully followed. 

For higher stage lesions, the 5-year survival depends on tumor size, grade of differentiation, 
and depth of invasions (Berek et al, 1984; Kilgore et al, 1988). For high-stage, high-grade 
lesions, particularly those with spread beyond the uterine cervix, the survival is low. The 
behavior of the advanced adenocarcinomas is often much more aggressive than that of 
epidermoid carcinoma of similar stage, and distant metastases may be observed at the time of 
the initial clinical diagnosis (Saigo et al, 1986; Weiss and Lucas, 1986; Kilgore et al, 1988; 

Drescher et al, 1989). On the other 

P.410 

hand, Grigsby et al (1988) reported equal survival for both tumor types in their series of cases. 




Figure 12-14 An example of adenocarcinoma which, in the smear, was obscured by 
the pattern of a high grade squamous lesion. A,B. Cancer cells of squamous type. C. 

Fragment of HGSIL. D. Underlying endocervical adenocarcinoma. 
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LESS COMMON TYPES OF ENDOCERVICAL ADENOCARCINOMA 

Adenosquamous Carcinoma 

These uncommon tumors combine the elements of adenocarcinoma and squamous carcinoma 
with varying degrees of differentiation (Fig. 12-15AB). We have seen patients in whom the two 
patterns were individually represented in separate metastatic foci (Fig. 12-15C,D). The 
prognosis of these tumors is apparently less favorable than that of classical types of well- 
differentiated carcinomas (Fu et al, 1982; Gallup et al, 1985). 

The cytology of these tumors is identical to that of coexisting adenocarcinoma and squamous 
carcinoma, described above and shown in Figures 12-13 and 12-14. Either squamous to 
adenocarcinoma patterns, or a combination of both, may be found in cytologic samples. 

Papillary VUiogianduiar Carcinomas 

This relatively uncommon form of endocervical adenocarcinoma has been recognized mainly in 
women under 40 years of age (Young and Scully, 1989; Jones et al, 1993). Similar tumors may 
have been reported as “villous adenoma” of the cervix with an invasive component (Alvaro 
and Nogales, 1988). Clinically, the tumors may mimic a friable endocervical polyp. This 
tumor type, even when deeply invasive, appears to have a very favorable prognosis: as of 
1993, no metastases have been reported (Jones et al, 1993). The association of this tumor 
type with a high grade squamous epithelial lesion (carcinoma in situ) has been reported by 
Young and Scully (1989). 

Histology 

On the surface, the tumor forms delicate, slender, sometimes branching, papillary 
projections, lined either by a single or stratified layers of cuboidal or columnar cancer cells, 
surrounding a connective tissue core often showing a marked inflammatory infiltrate (Fig. 12-16 
AB). The epithelial lining may contain mucin-producing cells or even goblet cells. The 
infiltrating portions of the tumors show well-formed, branching glands. The level of cytologic 
abnormality in the epithelial lining is modest with only slight nuclear enlargement and very rare 
mitoses. 

Cytology 

The key cytologic feature of these uncommon tumors is the presence of numerous, tightly 
cohesive multilayered 
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clusters of endocervical cells. The clusters are either spherical, with flattened cells at the 
periphery, corresponding to papillae of the tumor, or irregularly shaped, lined by columnar 
cells. The nuclei within the clusters are somewhat enlarged and hyperchromatic but these 
features can only be recognized by comparison with normal endocervical cells which are absent 
in these preparations (Fig. 12-16C.D). Except for their large number and irregular 
configuration, the cell clusters may be readily mistaken for clusters of normal 
endocervical cells obtained by brushing. Single cancer cells or rosettes have been reported 
as a rare event by Ballo et al (1996). The same authors reported that only 1 of 11 smears was 
initially diagnosed as endocervical adenocarcinoma; other diagnoses rendered comprised a 
wide spectrum of benign and malignant lesions. On review, however, 9 of 1 1 smears contained 
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the features of papillary villoglandular lesions. The difficulties with the recognition of this tumor 
were confirmed in reports by Novotny and Ferlisi (1997) and Chang et al (1999). 




Figure 12-15 4 # Example of adenosquamous carcinoma combining the elements 
of squamous and adenocarcinomas. C,D. Pelvic node metastases from an 
adenosquamous carcinoma of the cervix, showing two distinct patterns. In C, the tumor 
was a clear cut adenocarcinoma. In D, the tumor was a squamous cancer. 



Serous Adenocarcinoma 

These are very uncommon high grade tumors of the endocervix, mimicking the serous 
carcinoma of the ovary and similar tumors of the endometrium, and composed of cuboidal 
malignant cells with high nucleocytoplasmic ratio and marked nuclear abnormalities (Zhou et al, 

1998) (also see Chaps. 13 and 17). We have not observed such tumors in our cytologic 
material and, to our knowledge, only one such case has been briefly reported (Nguyen, 1997). 

Minimal Deviation Carcinomas (Adenoma Maiignum) 

Histology 

Adenoma maiignum is a rare form of endocervical adenocarcinoma, characterized by a 
proliferation of very well differentiated, mucus-producing endocervical glands, closely 
resembling normal glands. In their fully developed form, these tumors show an invasion of 
the cervical stroma by mucus-producing glands that vary in size yet show few, if any, cellular or 
nuclear abnormalities in gland lining (Fig. 12-17C.D). Mitotic activity is very low. The presence 
of Paneth cells and cells with endocrine granules has been reported in the lining of the 
endocervical glands (Fetissof et al, 1985). At the time of diagnosis, the entire thickness of the 
cervix is usually invaded by tumor so that the malignant nature of the lesion is beyond doubt. 

McKelvey and Goodlin, who first defined 
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the lesion in 1963, pointed out the exceptional diagnostic difficulties in identifying the 
lesion in cervical biopsies because of the unwillingness of the pathologists to entertain the 
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diagnosis of cancer on debatable evidence. Thus, many of these tumors remain 
undiagnosed in the early stages until there is obvious clinical evidence of cancer, 

sometimes with metastases. In 1969, Kese reported the association of this unusual tumor with 
Peutz-Jeghers syndrome, the latter consisting of skin pigmentation and hematomatous 
polyps in the gastrointestinal tract. Gallager et al (1971), Gloor et al (1978), McGowan et al 
(1980), and Kaku et al (1985) also reported such cases. Another association of adenoma 
malignum is with ovarian tumors of sex cord type with annular tubules (Young et al, 1982). 
Only some of the adenoma malignum-type lesions show these associations, but it is advisable 
to keep these complications in mind at the time of diagnosis. Gilks et al (1989) failed to identify 
any immunohistologic features of diagnostic value in these rare tumors with poor prognosis. 




Figure 12-16 Villoglandular papillary carcinoma of endocervix. A,B. The tissue lesion. 
C,D. Thick cohesive clusters of endocervical cells which, at higher magnification, failed to 
show any nuclear abnormalities. ( C,D : Courtesy Dr. Mary Sidawy, George Washington 
University, Washington, DC.) 



Cytology 

The cells desquamating from adenoma malignum closely resemble benign endocervical 
cells in shape and manner of exfoliation in clusters. However, in our experience, the cells 
and their nuclei are somewhat larger than normal and the clusters tend to be 
multilayered and crowded. The clusters rarely allow a diagnosis, but the background of the 
smears often contains detached, single tumor cells that are more spherical and have 
large but pale nuclei, provided with large, spherical or sometimes irregularly-shaped 
nucleoli (Fig. 12-17AB). Essentially similar findings were reported by Szyfelbein et al (1984) in 
three patients, two with Peutz-Jeghers syndrome. 

The accurate cytologic diagnosis of this type of tumor is very difficult, matching the difficulty of 
the histologic diagnosis. As is often the case with cells derived from endocervical neoplasia, the 
differential diagnosis includes cells seen in acute endocervicitis, florid squamous metaplasia or 
repair, and cells from other forms of endocervical adenocarcinoma. Granter and Lee (1996) 



711 / 3276 



Koss' Diagnostic Cytology & Its HistopathologicIBas&defitincgratinorria and Related Tumors of the Uterine Cervix 

reviewed the cytologic findings in seven patients. In only one case did the cervical smear lead 
to biopsy diagnosis. On review, cells similar to reactive endocervical cells were observed in five 
patients. The cytologic suspicion of disease must be confirmed by histologic evidence, which, 
as stated above, may be deceptive and difficult to interpret. 

Mesonephric Carcinomas (Carcinomas Derived From Gartner's Duct) 

Histology 

These very rare cancers originate in the remnants of the wolffian ducts that are found in the 
ovaries, the tubes, the 
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stroma of the cervix, and vagina. They are characterized by proliferation of glandular 
structures of varying sizes, sometimes with small papillary projections. The component cells of 
these tumors are often large, with clear cytoplasm, and protrude from the gland lining in 
“hobnail” fashion. 




Figure 12-17 Adenoma malignum (minimal deviation adenocarcinoma). A. Alarge 
cluster of endocervical cells with large nuclei and visible nucleoli. B. Ascattering of single 
cells with similar features. C. The invasive pattern of the lesion. D. The make-up of glands 
which closely resemble normal endocervical glands. 



These tumors have many similarities with vaginal and cervical carcinomas associated with 
diethylstilbestrol (DES) (discussed in Chap. 14). Gartner duct tumors are usually observed in 
adult women but occur also in adolescents. Because of their protected location within the 
stroma of the cervix, the diagnosis is often delayed until the tumor breaks into the lumen of the 
endocervical canal, although the prognosis appears to be somewhat better than that of 
endocervical adenocarcinoma. Several subtypes of these very rare tumors have been identified 
but this classification is irrelevant to this text (Ferry and Scully, 1990; Clement et al, 1995; Silver 
etal, 2001). 
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Cytology 

Because these tumors originate in the body of the cervix, they are not accessible to cytologic 
sampling until they reach the surface of the endocervical canal. We have observed one such 
case in a 14-year-old girl many years ago. The cytologic presentation was that of an 
adenocarcinoma (Fig. 12-18A). Welsh et al (2003) observed abnormal endocervical cells in 
several patients with remnants or hyperplasia of mesonephric ducts. 

However, there is some evidence that Gartner duct carcinoma may also have a long silent 
history prior to clinical manifestation of disease. This is illustrated in Fig. 12-18B-D. The original 
smear, obtained 4 years before the second, was interpreted as showing changes consistent 
with acute cervicitis or “repair” (Fig. 12-18B). The changes in the second smear (Fig. 12-18C), 
this time accompanied by spotting, were considered sufficient to warrant a biopsy, which 
revealed a Gartner duct carcinoma still confined to the lateral wall of the grossly normal cervix 
but involving the endocervical canal (Fig. 12-18D). 

Mucoepidermoid Carcinomas 

These very rare tumors mimic the well differentiated variant of mucoepidermoid tumors of the 
salivary glands and are, therefore, discussed separately from adenosquamous carcinomas (see 
above). 

Histology 

Occasional tumors of the cervix composed of solid cords of eosinophilic epidermoid cells 
contain isolated, large, mucus-producing cells (Fig. 12-19C,D). Sometimes, well formed 
glands, lined by a mixture of squamous and mucus-producing 
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cells, may be observed within such tumors. Hamperl and Hellweg (1957) pointed out that some 
mucus formation may be demonstrated in most epidermoid cancers of the cervix; however, the 
presence of single, large cells with mucus-distended cytoplasm is typical of mucoepidermoid 
carcinoma. 
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cells in a smear from a 14-year-old girl. B,C. Cytologic patterns of Gartner duct carcinoma 
from another patient, initially misinterpreted as “endocervicitis” or repair. D. Gartner duct 
carcinoma diagnosed by biopsy 4 years after the smears shown in B and C were obtained. 



Cytology 

There is no recorded experience pertaining to the cytologic presentation of these tumors. In a 
personally observed case courtesy of Dr. David Clark, the dominant abnormalities in the 
cervical smears were large, well-formed atypical endocervical cells with prominent nucleoli, 
more consistent with reactive atypia than an endocervical adenocarcinoma (Fig. 12-19A). 

Atypical squamous cells, singly or in small clusters, were also present (Fig. 12-19B). This 
evidence was insufficient for diagnosis of carcinoma but led to a diagnostic cervical biopsy (Fig. 
12-19C.D). 

Glassy-Cell Carcinomas 
Histology 

In 1956, Glucksmann and Cherry described a radiotherapy -resistant variant of 
mucoepidermoid carcinoma of the uterine cervix, composed of sheets of large cancer 
cells with “ground-glass” appearance of the cytoplasm and infrequent droplets of 
mucicarmine positive material (Fig. 12-20C,D). The tumors also may form squamous 
“pearls.” The presence of large nuclei with particularly large nucleoli was noted. 

Littman et al, in 1976, revived the term “glassy cell carcinoma” and generally confirmed the 
descriptions by Glucksmann and Cherry. 

Although these tumors are uncommon and poorly defined, they nonetheless elicited a large 
number of publications, particularly in the 1980s, that is disproportionate to the frequency and 
clinical significance of this lesion. There are a few such cases reported in the American 
literature (Maier and Norris, 1982; Pak et al, 1983; Tamimi et al, 1988). The tumors, even in 
stage IB, have a poor prognosis, with only about 50% of patients having 5-year survival 
(Lotocki et al, 1992). 

Cytology 

It is a matter for considerable debate whether the glassy cell carcinoma is deserving of a 
separate classification or whether it is a minor and rare variant of poorly differentiated 
squamous carcinoma of endocervical origin. Nonetheless, glassy cell carcinomas shed large 

cancer cells with faintly granular, delicately vacuolated cytoplasm and large vesicular 
nuclei with remarkably large, irregular eosinophilic nucleoli (Fig. 12-20A,B). In 
Papanicolaou stain, the large, usually single nucleoli stand out as large, pink intranuclear 
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bodies and may be mistaken for inclusions of herpesvirus or Reed -Stern berg cells in 
Hodgkin's disease (see Chaps. 10 and 31). 
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Figure 12-19 Mucoepidermoid carcinoma of endocervix. A. Scattered endocervical 
cells with minimally enlarged nuclei. B. Asmall cluster of endocervical cells with minimally 
enlarged nuclei. C,D. Histologic pattern of the lesion which was, in every way, similar to 
lesions of salivary glands. ( D : Mucicarmine stain.) 



Pak et al (1983) reported a substantial number of false-negative smears in patients with glassy 
cell carcinoma wherein cancer cells with the characteristic nucleolar enlargement were found 
on review in 4 of 12 samples. Nunez et al (1985) and Chung et al (2000) also confirmed the 
presence of unusually large nucleoli as a characteristic feature of glassy cell carcinoma. 

Very Rare Tumors 

Clear-cell carcinomas are usually associated with vaginal adenosis and clear cell carcinoma 
of the vagina (discussed in Chap. 14). 

Adenoid cystic carcinoma, adenoid basal carcinoma (epithelioma), lymphoepithelioma 
and other unusual tumors of the uterine cervix are discussed in Chapter 17. 

DIFFERENTIAL DIAGNOSIS. ENDOCERVICAL ADENOCARCINOMA VERSUS 
OTHER TUMOR TYPES 

■ In the presence of clusters of small malignant cells, without distinguishing features, 
similar to those occurring in high grade squamous lesions of endocervical origin, it 
is not possible to separate an adenocarcinoma from a squamous cancer of 
endocervical origin on cytologic preparations. Still, it is advisable to suggest that the 
tumor, whatever its type, is likely to be located in the endocervical canal. 

■ Poorly differentiated squamous (epidermoid) high grade precursor lesions 
originating in the endocervical canal, may sometimes be represented in smears by 
large, columnar cancer cells (see Figs. 11-35 and 11-53). 



It may be difficult to separate an endocervical from endometrial adenocarcinoma, 
though the latter is usually composed of smaller cancer cells (see Chap. 13). Several 
histochemical approaches have been tried. Thus, Cohen et al (1982) proposed that 
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carcinoembryonic antigen (CEA) and mucin are expressed in endocervical 
adenocarcinoma but not in endometrial carcinoma. A subsequent study by Cooper et al 
(1987) failed to confirm these findings. The issue was revived recently, again with insecure 
results (McCluggage et al, 2001; Kamoi et al, 2002). It is evident that, in such cases, careful 
clinical history and adequate histologic sampling cannot be replaced by other laboratory 
methods. 

■ Metastatic adenocarcinoma, particularly of colonic origin, 
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that shed large columnar cancer cells may mimic endocervical adenocarcinoma (see Chap. 

17). 

■ It has been reported that abnormal cells observed in tubal and tubo-endometrioid 
metaplasia, and particularly in endometriosis, may mimic cells of adenocarcinoma 
(see recent review by Cangiarella and Chhieng, 2003). This issue has been discussed at 
length in Chapters 10 and 11. It is my judgment that, in most such cases, the abnormal 
cells reflect a significant abnormality of premalignant or malignant nature that may 
be observed in the upper reaches of the endocervical canal. 

■ The main points of differential diagnosis of adenocarcinoma of the cervix are shown in 
Tables 12-1 and 12-2. 




Figure 12-20 Glassy cell carcinoma of endocervix. A. Clusters of medium-size 
malignant cells with exceptionally large nucleoli. B. A high-power view of these cells, again 
to demonstrate the exceptionally large size of nucleoli. C. Infiltrating glassy cell carcinoma 
showing focal glandular differentiation. D. Higher power view of the tumor, again to 
document the large size of the nucleoli. 



ACCURACY OF CYTOLOGIC DIAGNOSIS OF ENDOCERVICAL 
ADENOCARCINOMA 

The diagnosis of adenocarcinoma of the endocervix may cause substantial difficulties, either 
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because the subtle changes in the endocervical cells are mistaken for benign events or, 
because in many cases, adenocarcinoma is obscured by an adjacent neoplastic squamous 
lesion. 

In 1985, Saigo et al reported on 58 patients with endocervical adenocarcinoma, 18 of who were 
asymptomatic, with a remarkable diagnostic accuracy of 91%. These results appear to be 
unmatched. There are few recent surveys of diagnostic accuracy based on contemporary 
techniques (endocervical brushings, liquid preparations). Hayes et al (1997) reported the 
cytologic findings on 131 patients with histologically documented adenocarcinomas of various 
stages, including adenocarcinoma in situ (AIS) but excluding minimal deviation tumors. In 18 
patients, the smears showed no abnormalities whatsoever. In 46 cases, only a HGSIL was 
detected. In the remaining cases, significant abnormalities were observed, as described above 
in this chapter. Most importantly, perhaps, the authors were unable to separate AIS from 
invasive adenocarcinoma, in keeping with the writer's experience. 

Soofer and Sidawy (2000) reported that women with smears diagnosed as “reactive cell 
changes” were more likely to develop squamous intraepithelial lesions than negative controls. 

No adenocarcinomas were found in this study. Selvaggi (2002) reported on similarities and 
differences between AIS and HGSIL with endocervical gland involvement in liquid-based 
cytology. She noted that “cell polarity” was maintained in AIS and lost in HGSIL. Rosettes and 
palisading were observed in AIS but not in HGSIL. Most other 
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features of cancer cells, including the presence of abnormal columnar cells, were common to 
both lesions. Other surveys (Kristensen et al, 1991; Krane et al, 2001) disclosed a high rate of 
false negative diagnoses in 30% to 50% of cases. Negri et al (2003) proposed that 

immunostaining with an antibody to the tumor suppressor gene pi 6^K4A j s helpful in 
the diagnosis of adenocarcinoma in liquid preparations. Lack of reproducibility of cytologic 
diagnoses, among experienced observers in benign and malignant endocervical cell samples, 
was recently emphasized in a study by Simsir et al (2003). The role of human papillomavirus 
testing in identification of endocervical cancer is insecure at this time (Cangiarella and Chhieng, 

2003). 



TABLE 12-1 BENIGN CYTOLOGIC ABNORMALITIES THAT CAN BE MISTAKEN FOR 

ENDOCERVICAL ADENOCARCINOMA 



Condition Most Characteristic Single 

Feature 



Compared With 
Adenocarcinoma 



“Repair” (Chap. Flat sheets of endocervical cells 
10) with large nucleoli; normal 

nucleocytoplasmic ratio 



Multilayered sheets in 
spherical (papillary) 
configuration. Large 
nucleoli uncommon 



Acute or chronic 
endocervicitis or 
IUD wearers or 
pregnancy 



Enlarged, usually single 
endocervical cells with enlarged, 
slightly hyperchromatic nuclei and 
nucleoli; see repair above 



Clinical history is important. 
Similar cells may occur in 
adenocarcinoma - search 
for other evidence of 
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(Chaps. 8 and 




disease, otherwise classify 


10) 




as endocervical cell atypia 
(AGUS) 


Tuboendometrial 


Ciliated cells. If there are nuclear 


Rare ciliated cells may 


metaplasia 


abnormalities, a malignant 


occur in brush specimens 


(Chap. 10) 


process cannot be ruled out 




Benign 


Usually a tight cluster of uniform 


Usually the cells of 


endometrium in 


small cells, sometimes whole 


endocervical carcinoma are 


brush 


fragments of endometrium. If 


of variable sizes, larger and 


specimens 


nuclear abnormalities are present, 


of columnar or cuboidal 


(Chaps. 8 and 


endometrial or endocervical 


shape 


14) 


neoplastic abnormalities cannot 
be ruled out 





TABLE 12-2 MALIGNANT LESIONS THAT CAN BE MISTAKEN FOR ENDOCERVICAL 

ADENOCARCINOMA 


Differential 

Diagnosis 


Distinguishing Features 


High grade 
squamous lesions 
originating in 
endocervical 
epithelium (Chap. 
11) 


May have identical presentation to endocervical 
adenocarcinoma. 

Histologic study is essential 


Endometrial 
carcinoma (Chap. 
13) 


Usually the cells of endometrial carcinoma are smaller and of 
spherical configuration 


Endometrial 
adenoacanthoma or 
adenosquamous 
carcinoma (Chap. 
13) 


May have very similar presentation to endocervical 
adenosquamous carcinoma. Histologic study is essential 


Metastatic cancer 
(Chap. 17) 


Clinical history is essential. Metastatic colonic carcinoma may 
mimic endocervical adenocarcinoma (large, columnar, mucus- 
producing cancer cells). Other metastatic cancers are usually 
composed of smaller cells. 
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In summary, precise cytologic diagnosis of endocervical 

adenocarcinoma is fraught with difficulties which have been reported from a large number of 
laboratories from several countries. The difficulties in separating benign reactive endocervical 
changes from adenocarcinoma and the presence of squamous neoplastic lesions obscuring the 
presence of adenocarcinoma are the principal culprits. It follows that aggressive clinical follow- 
up of patients with atypical endocervical cells may result in a better diagnostic performance. 
Moriarty and Wilbur (2003) recently expressed the hope that molecular markers may be helpful 
in this regard. 
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Proliferative Disorders and Carcinoma of the Endometrium 



With a marked decrease in the rate of invasive cancer of the uterine cervix, cancer of the 
endometrium has become the most common cancer of the female genital tract diagnosed 
in the United States, with the second highest mortality rate after ovary. The death rate 
from endometrial carcinoma increased substantially between the years 1990 

P.423 

and 2000 (Greenlee et al, 2000). A major increase in the rate of endometrial cancer has also 
been observed in other countries, such as Japan (Sato et al, 1998) and Canada (Byrne, 1990). 
Therefore, the primary goal of diagnostic cytology of the endometrium should be the diagnosis 
of clinically unsuspected endometrial carcinoma of low stage and, hence, amenable to 
cure. In a study of a large group of asymptomatic women, it has been documented by Koss et 
al (1981, 1984) that approximately 8 per 1,000 peri- and postmenopausal women harbor 
such lesions. The study is described in detail further on in this chapter. Prior to this work, 
primary cytologic diagnosis of occult endometrial carcinoma was rarely reported, 
particularly when compared with the wealth of material on the uterine cervix. Twenty-two of 102 
endometrial cancers, diagnosed in cervicovaginal smears, occurred in asymptomatic women 
(Koss and Durfee, 1962). In a series of 285 endometrial carcinomas reported by Reagan and 
Ng (1973), there were only 18 cases with primary diagnosis by cytology. Only a few additional 
cases may be found in the older case reports, including some illustrated in Papanicolaou's Atlas 
(1954). It is quite evident that detection of early endometrial carcinoma has not reached the 
level of interest equal to detection of mammary or cervical cancer. For whatever reasons, this 
important disease has been neglected by the society. 

Endometrial cytology belongs to the most difficult areas of morphology. There are two main 
reasons for it: 

■ The difficulties with obtaining a representative sample of the endometrium 

■ The difficulties in the interpretation of the cytologic evidence and the recognition of 
normal and abnormal cells of endometrial origin 

This chapter is dedicated to the description of endometrial cytology in health and disease, 
compared with histologic observations. 

CYTOLOGY OF ENDOMETRIUM IN HEALTH AND BENIGN CONDITIONS 

Routine Cervicovaginal Samples 

The recognition of normal glandular and stromal endometrial cells in routine cervicovaginal 
samples plays a critical role in the diagnosis of endometrial abnormalities. Therefore, a brief 
recall of commonly observed cytologic findings is summarized here. 

Normal Findings 
Childbearing Age 

As described and illustrated in Chapter 8, glandular and stromal endometrial cells are normally 
found in routine cervicovaginal samples during menstrual bleeding and for 2 to 3 days 
thereafter. As a rule, the finding of endometrial cells, regardless of morphology, after the 
12th day of the cycle (considering the first day of bleeding as the first day of the cycle) 
must be considered abnormal. Depending on the clinical situation (e.g., patient's age, clinical 
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history, risk factors for endometrial cancer; see discussion below), the patient may be 
deserving of follow-up or further investigation, although, in most such women, no 
significant lesions are found and the endometrial cells are most likely a variant of normal 
shedding. 

In endocervical brush specimens, normal endometrial cells, derived from the lower 
uterine segment (LUS) of the endometrial cavity, may be observed, regardless of day 
of cycle, and should not be a cause for alarm, although incidental endometrial abnormalities 
may sometimes be recognized in such samples (see below). De Peralta-’ Venturino et al (1995) 
and Heaton et al (1996) stressed that material obtained from LUS may contain large fragments 
of endometrial glands and stroma that may be mistaken for carcinomas of endometrial or 
endocervical origin and benign entities, such as endometriosis. 

Menopause 

In postmenopausal women, the presence of endometrial cells in routine smears must be 
considered, a priori, abnormal and calls for further investigation of the endometrium. 

Benign Conditions and Disorders 
Pregnancy 

Endometrial cells are practically never seen in normal pregnancy. The decidual cells and 
particularly the large Arias-Stella cells with dark, polyploid nuclei, either derived from the 
endometrium or the endocervix, both discussed and illustrated in Chapter 8, may be 
mistaken for endometrial cancer cells in cervicovaginal material. Pregnancy does not rule out 
endometrial cancer. On the rarest occasion, we have observed normal pregnancy 
occurring in women with endometrial carcinoma documented by prior biopsy and 
confirmed postpartum. A similar case was described by Kowalczyk et al (1999) who also 
summarized the very scanty literature on this topic. Apparently, normal implantation of the ovum 
may occur under these circumstances. Also on record are several cases of normal pregnancies 
occurring in women with documented endometrial hyperplasia (Kurman et al, 1985). 

Intrauterine Contraceptive Devices 

As has been described in Chapters 8 and 10, the wearers of intrauterine contraceptive devices 
(lUDs) may shed endometrial cells at midcycle. Occasionally, such cells have a vacuolated 
cytoplasm and poorly preserved nuclei that may appear to be somewhat enlarged and 
slightly hyperchromatic and that may be mistaken for cells of an adenocarcinoma (Fig. 13- 
1). Sometimes, the cervicovaginal smears may also contain inflammatory cells and 
macrophages, creating a cytologic background, not unlike that seen in endometrial carcinoma 
(see below). The young age of most wearers of lUDs is usually against this latter diagnosis. 

Another potential source of error is the presence of endocervical “repair” caused by IUD, in 
which the reactive endocervical cells may be mistaken for abnormal endometrial cells 
(see Chapter 10; and comments below). 

An important histologic finding in wearers of the IUD 
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is the presence of small, round foci (morulae) of squamous cells in the superficial layers of 
the endometrium, presumably a form of squamous metaplasia, induced by the mechanical effect 
of the devices. Lane et al (1974) suggested that this abnormality is transient, although evidence 
of reversal of this process is poor. These abnormalities are very rarely seen and should not be 
mistaken for an endometrioid carcinoma with squamous component or an 
adenoacanthoma (see below). 
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Figure 13-1 Benign endometrial cells in cervicovaginal smears. A Asmall cluster of 
endometrial cells, difficult to identify at this magnification. B. High-power view of a cluster 
of endometrial cells in an IUD wearer. It may be noted that several of the cells have 
vacuolated cytoplasm. C. Asmall cluster of endometrial stromal cells showing mitotic 
activity. These cells are extremely difficult to recognize in routine material. 



Signet-Ring Cells 

lezzoni and Mills (2001) described 5 symptomatic patients in whom routine endometrial tissue 
samples contained aggregates of benign signet ring cells with small nuclei. The authors 
traced these cells to decidualized stromal cells. There is no record of such cells in cytologic 
samples. 

Endometrial Metaplasia 

Johnson and Kini (1996) described the presence of atypical endometrial cells in the presence 
of eosinophilic, papillary, squamous and tubal metaplasia of the endometrium. Five of seven 
patients were postmenopausal and three had abnormal bleeding. The nature of this 
observation is questionable and it cannot be excluded that some of the patients had a poorly 
defined neoplastic process. 

Exogenous Hormones 
Contraceptive Hormones 

Women receiving this medication occasionally bleed or spot and shed endometrium at mid- 
cycle (breakthrough bleeding) until the dosage is adjusted. Long-term usage of these agents 
may result in decidua-like changes in endometrial stroma, followed by atrophy; neither of 
these conditions is known to cause endometrial shedding. Abnormalities of nuclei of 
endocervical cells may occur in women receiving progesterone-rich contraceptive 
agents (see Chapter 10). Accurate clinical history is helpful in preventing errors but, in some 
cases, may require biopsies for clarification. 

Steroid Hormones 

In patients receiving steroid hormones, particularly estrogens, two important cytologic 
changes may be observed. 

■ In postmenopausal women, the level of maturation of the squamous cells may increase 

(see Chapter 9), resulting in a smear pattern that is sometimes seen in endometrial 
hyperplasia and early endometrial carcinoma (see below). 



The patients may shed endometrial cells during medication and, particularly, immediately 
after withdrawal of estrogens (withdrawal bleeding). In the absence of clinical data in 
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postmenopausal women, the presence of endometrial cells may cause an 
unnecessary alarm. The potential carcinogenic effects of estrogens and tamoxifen are 
discussed below, in conjunction with epidemiology of endometrial carcinoma. 

For further comments on effects of steroid hormones, see Chapter 9. 
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Regenerating Endometrium 

Following a curettage or other form of trauma to the endometrium, the healing of the 
endometrial defect leads to an intensive proliferation of the surface epithelium, followed 
by formation of endometrial glands by invagination of the surface epithelium. In 
histologic sections, the surface epithelium is composed of large cells of variable sizes 
with hyperchromatic nuclei, sometimes with large nucleoli, and with numerous 
mitoses. In endometrial aspiration smears, the large and poorly preserved endometrial 
glandular cells have a vacuolated cytoplasm, sometimes infiltrated with 
polymorphonuclear leukocytes and enlarged hyperchromatic nuclei (Fig. 13-2). These 
cells may be mistaken for cancer cells. In this situation, it is advisable to wait until after a normal 
menstrual bleeding has taken place (usually about 6 weeks after the procedure) before 
attempting to judge the status of the endometrium. 

Inflammatory Lesions 

Purulent endometritis resulting from bacterial infection may follow childbirth or abortion. The 
cervicovaginal smears may disclose pus and debris. Smears obtained by direct endometrial 
sampling show acute inflammation and necrosis. Fragments of endometrial glands with 
degenerated, blown-up cells may be difficult to distinguish from cells of necrotizing endometrial 
carcinoma. The differential diagnosis may have to rest on clinical history and histologic 
evidence. 




Figure 13-2 Regenerating endometrium 3 days after curettage. All four photographs 
from the same 20-year-old patient. A A large cluster of endometrial cells, some showing 
vacuolization. B. Acluster of endometrial cells with hyperchromatic nuclei, some showing 
nucleoli and cytoplasmic vacuoles. C. In addition to the features described for B, the 
cytoplasm of many of the vacuolated cells is populated by polymorphonuclear leukocytes. 
D. Another example of regenerating endometrial cells in the background of blood and 
inflammatory reaction. 



Chronic nonspecific endometritis is an uncommon condition in which there is an infiltration 
of the endometrium by lymphocytes, plasma cells, and macrophages, sometimes with atrophy 
of the glands. The condition is virtually never recognized in cytologic samples. 
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Tuberculosis of the Endometrium 

A resurgence of tuberculosis in patients with immune deficiency caused by AIDS has revived 
interest in this disease in the developed countries. The disease is common in the developing 
world. 

Histology 

Advanced tuberculosis of the endometrium may be associated with a marked disruption of 
the endometrial gland pattern. Atypical glandular proliferation may be very 
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marked and misleading to the point of suggesting a carcinoma. Only the presence of 
granulomas identifies the condition. The diagnosis should be confirmed by demonstration of 
tubercle bacilli. The clinical presentation of endometrial tuberculosis is not helpful because the 
symptoms, such as metrorrhagia, may suggest cancer clinically. 

Cytology 

The abnormalities of the endometrial glands are also reflected in cervicovaginal smears. Sheets 

of large endometrial glandular cells of uneven size and with pronounced nuclear 
hyperchromasia may suggest endometrial cancer (Fig. 13-3). In such cases, the 
differential diagnosis between tuberculosis and endometrial carcinoma may prove to be 
extremely difficult, if not impossible, on cytologic grounds. To our knowledge, neither 
epithelioid cells nor Langhans'-type giant cells have been so far identified in endometrial 
material as they have been in cervical smears (see Chap. 10). The presence of 
multinucleated histiocytes in the cervicovaginal smears is of no diagnostic value in the 
diagnosis of tuberculosis. 




Figure 13-3 A case of endometrial tuberculosis. Abnormal endometrial cells in the vaginal 
pool smear (A) and in an endometrial aspiration ( B ). Note the hyperchromatic nuclei and 
the scanty cytoplasm. The histologic sections of the endometrium under low power ( C ) and 
high power (D) disclose atypical endometrial glands as the source of cellular abnormalities. 
Note the tubercle in C. (Tissue section from Dr. Jacob M. Ravid.) 
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Sarcoidosis 

This granulomatous disease of unknown etiology may affect the endometrium (Chalvardijian, 

1978; Skehan and McKenna, 1986; Elstein etal, 1994). Noncaseating granulomas, 
characteristic of this disorder, are observed in histologic material but, so far, have not been 
observed in cytologic material. For a description of cytologic presentation of pulmonary 
sarcoidosis, see Chapter 19. 

Viral Endometritis 

Astin and Askin (1975) and Wenckebach and Curry (1976) described endometritis due to 
cytomegalovirus. The tissue showed evidence of chronic inflammation and formation of 
lymphocytic deposits, in addition to large cells containing the characteristic viral inclusions. 

Wenckebach and Curry confirmed the diagnosis by electron microscopy. Duncan et al (1989) 
described a case of necrotizing endometritis 
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associated with herpesvirus infection. Neither of these viral infections of the endometrium 
have been reported in cytologic writing. 

Other Inflammatory Disorders 

Acase of malacoplakia was described by Thomas et al (1978). For further comments on 
histologic and cytologic presentation of malacoplakia, see Chapter 22. 

Cytologic Atypias Associated With Endometriosis 

Several observers reported that brush samples in cases of endocervical or transformation zone 
endometriosis may contain abnormal glandular cells that may mimic either an endocervical or 
an endometrial carcinoma (Hanau et al, 1997; Mulvany and Surtees, 1999; Lundeen et al, 

2002 ). 

The abnormalities allegedly caused by endometriosis were illustrated in Figure 11-35C, as 
examples of atypical glandular cells of unknown significance. In the judgment of this writer, 
cytologic diagnosis of endometriosis cannot be established. The changes described are most 
likely brushartifacts with inadequate correlation with histologic findings. 

Endometrial Abnormalities Associated With Uterine Leiomyomas 

Leiomyomas are by far the most common benign tumors of the uterine corpus. The tumors, 
composed of bundles of smooth muscle and connective tissue, richly supplied with blood 
vessels, are often multiples and may reach large sizes. Hemorrhagic necrosis or infarction are 
known complications of leiomyomas. Many women with benign leiomyomas of the uterus 
experience episodes of abnormal uterine bleeding. The bleeding is attributed to various 
causes, such as the inability of the uterus to contract because of interference of leiomyoma 
with myometrial functions, or to submucosal position of the leiomyoma, causing focal ulceration 
of the endometrium. Objective evidence for these events is conspicuously absent. However, 
there is evidence that, at least in some women, the bleeding may be caused by endometrial 
hyperplasia, which is present in about 50% of women with leiomyomas (Deligdisch and 
Loewenthal, 1970). Both these disorders (hyperplasia and leiomyomas) may have a common 
denominator, namely, hormonal imbalance due to preponderance of estrogens. In such cases, 
the cytologic presentation is similar to other forms of endometrial hyperplasia (see 
below). 

ENDOMETRIAL POLYPS 

Benign endometrial polyps may occur in any adult woman but are more common in the fifth 
decade of life and are a known cause of abnormal uterine bleeding and endometrial shedding. 

The tumors may originate in any part of the endometrial cavity and may vary in diameter from a 
few millimeters to several centimeters. The polyps, which may be single or multiple, may be 
broad-based or pedunculated and sometimes may protrude through the external os of the 
uterine cervix. Atypia of endometrial glands is common in polyps and may account for 
abnormalities of endometrial cells in direct endometrial samples (see below). Also, 
endometrial carcinomas may originate in polyps. The uncommon mesodermal mixed 
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tumors of endometrium may originate in or mimic endometrial polyps (see Chapter 17). 

Histology 

The benign polyps consist of a stroma resembling normal endometrial stroma intermingled with 
connective tissue that is sometimes hyalinized. The polyps are sometimes richly vascularized, 
with vessels present near the surface. The epithelial surface lining usually resembles 
proliferative endometrium but, in polyps originating in the lower uterine segment, it is 
occasionally composed of columnar cells, resembling normal endocervical lining. Occasionally, 
the epithelial cells are ciliated. Endometrial glands of variable sizes and shapes are present 
within the stroma. The epithelial lining of the glands is usually nonsecretory in type and does 
not participate in the cyclic changes. Atypical endometrial glands, lined by cells with 
enlarged nuclei and nucleoli mimicking glands observed in atypical hyperplasia, are fairly 
common in polyps (Fig 13-4D). 

Cytology 

An accurate cytologic diagnosis of an endometrial polyp is impossible in cervicovaginal 
samples. Occasionally, clusters or single endometrial cells are noted during the secretory 
phase of the cycle when endometrial cells should not be present, or in postmenopausal women 
(Fig. 13-4A-C). In postmenopausal women, the cytologic findings may be mistaken for an 
endometrial carcinoma. This error is unavoidable. Abnormalities mimicking carcinoma are also 
observed in direct endometrial samples, as described in detail below. 

Large, protruding polyps, pressing on the endocervical epithelium, may elicit a florid 
squamous metaplasia or “repair” reaction (see Chapter 10). Endometrial carcinomas, 
originating in polyps, have the same cytologic presentation as primary endometrial 
cancer (see below). 

Atypical polypoid adenomyoma is a rare and presumably benign type of endometrial polyp 
wherein markedly atypical proliferation of endometrial glands may occur (summary in Young et 
al, 1986). The possibility that these lesions represent an early stage of a mesodermal mixed 
tumor cannot be ruled out (see Chapter 17). There is no information on their cytologic 
presentation. 

ENDOMETRIAL ADENOCARCINOMA 

As described in the opening paragraphs of this chapter, endometrial carcinoma is, at the time of 
this writing (2004), the most common form of genital cancer. Partridge et al (1996) observed 
that the mortality rate from this disease is high and that advancing age, minority status, and low 
income 
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had a negative impact on survival. These authors deplored the absence of acceptable early 
detection systems. Such systems do exist, as narrated below, but their implementation and 
societal acceptance are thoroughly lagging when compared with carcinoma of the uterine cervix 
and female breast. 
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Figure 13-4 Endometrial polyp in a markedly obese 56-year-old woman. A,B. 
Clusters of endometrial cells against a background of high maturation of squamous cells. 
C. Large, endometrial cells with markedly vacuolated cytoplasm, granular nuclei, and 
occasional nucleoli. The endometrial cells show cytoplasmic and nuclear features 
consistent with endometrial adenocarcinoma. D. Endometrial polyp in the same patient. 



Some of the reasons for a marked increase in the rate of this disease are discussed here. 



Epidemiology 

The constant growth and disintegration of the endometrium during the menstrual cycles of the 
childbearing age constitute a terrain that is not favorable to neoplastic growth and accounts for 
the rarity of endometrial cancer in women prior to menopause. The absence of cyclic 
desquamation after the menopause or an arrest of endometrial turnover because of 
hormonal imbalance are important risk factors in the formation of endometrial 
carcinomas and their precursor lesions. Examples of naturally occurring conditions leading 
to hormonal imbalances are the Stein-Leventhal syndrome and similar disorders of ovulation 
(see Chapter 9) or estrogen-producing ovarian tumors (granulosa cell tumors and 
thecomas). Endometrial carcinoma has also been observed in the presence of ovarian 
dysfunction associated with masculinizing features (Koss et al, 1964). 

Risk Factors 

Exogenous Estrogens 

In the late 1960s and in the 1970s, a statistically significant increase in the rate of endometrial 
carcinoma has been observed in many institutions throughout the United States. Smith et al, 

Ziel and Finkle simultaneously pointed out in 1975 that widespread administration of 
conjugated and nonconjugated exogenous estrogens to alleviate menopausal symptoms 
and prevent osteoporosis was statistically associated with this increase. Mack et al (1976) 
calculated the risk ratio for endometrial carcinoma in estrogen users when compared with 
nonusers at 8.0 times, and for conjugated estrogens at 5.6 times; these investigators also 
demonstrated a dose-related effect on endometrial carcinoma. In a study by a writers group for 
the PEPI Trial (1996), the administration of unopposed estrogens was shown to cause 
endometrial hyperplasia and occasional adenocarcinoma. The effect could be prevented by the 
administration of progesterone. Exogenous estrogens have been shown to be associated with 
endometrial carcinoma, even in the absence of ovarian function, for example in ovarian 
agenesis (Gray et al, 1970; 
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Cutler et al, 1 972) or in Sheehan's syndrome (Reid and Shirley, 1 974). 

Although the evidence is substantial that estrogens may cause endometrial carcinoma, it has 
been shown that such lesions observed in estrogen-treated patients are usually fully curable, 
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low-grade and low-stage cancers (Robboy etal, 1982). Horwitzand Feinstein (1978) 
addressed this issue and reported on the status of peripheral endometrium in a case control 
study of 233 postmenopausal women, 112 of whom had endometrial carcinoma. Peripheral, 
simple endometrial hyperplasia was more commonly observed with grade 1 cancer among 
estrogen users than in cancer of higher grades among nonusers of estrogen. The authors 
concluded that “it was likely that many otherwise asymptomatic tumors might have 
remained undetected except for the manifestations of the estrogen-related comorbid 
condition” (hyperplasia). The observation was repeated by Horwitzet al (1981) who 
proposed that the effect of estrogens on endometrium is indirect: the drugs cause endometrial 
hyperplasia and, hence, uterine bleeding that leads to curettages and results in incidental 
discovery of small foci of early endometrial cancer. In fact, in our own study of occult 
endometrial carcinomas, estrogen treatment has not been shown to be a risk factor except for 
women with lower than average weight. It was hypothesized that this observation may perhaps 
be explained by the inability of this group of women to store the estrogens in their 
subcutaneous fat, resulting in more direct action on the endometrium (Koss et al, 1984; see 
below). The use of either estrogen therapy or estrogens combined with progesterone, also 
increases the risk of breast cancer (Colditzet al, 1995; Schairer et al, 2000) (see Chap. 29). 

Tamoxifen 

Tamoxifen is a steroid agent best characterized as an estrogen agonist or estrogen-receptor 
modulator, which blocks estrogen receptors in a variety of tissues and is now extensively used 
for prevention and treatment of breast cancer (summary in Osborne, 1998). The drug has 
several side effects affecting the female genital tract and, specifically, the endometrium. 




Figure 13-5 Endometrial atypia associated with Tamoxifen. Endometrium in a 69- 
year-old woman receiving Tamoxifen for 5 years. Marked nuclear abnormalities of 
endometrial surface epithelium are seen under scanning ( A ) and higher ( B ) magnifications 
in an endometrial aspirate. 



■ It induces maturation of squamous cells in postmenopausal women with atrophic 
genital tract (Athanassiadou et al, 1992; Abadi et al, 2000). 

■ It has a stimulatory effect on the endometrium and has been recognized as a cause of 
abnormal endometrial proliferative processes, including polyps, hyperplasias, and 
carcinoma (Silva et al, 1994; Assikis and Jordan, 1995; Barakat, 1996; Fisher et al, 1994). 
The risk appears to be greater for obese women (Bernstein et al, 1999). Sporadic cases of 
mesodermal mixed tumors were also observed (Bouchardy et al, 2002; Wysowski et al, 2002; 
Wickerham et al, 2002). Common sense would suggest that the status of the endometrium 
should be determined in all women prior to tamoxifen therapy. 

Measuring the thickness of the endometrium by ultrasound is a favored method of follow- 
up of patients receiving tamoxifen and other hormones (Achiron et al, 1995; Levine et al, 1995; 
Hann et al, 1997). It has been suggested that endometrial thickness of 8 mm or more should 
trigger an endometrial investigation by biopsy or curettage. Langer et al (1997), using the 
thickness of 5 mm as a trigger for endometrial biopsies in women receiving estrogen 
replacement therapy, noted that at this level of endometrial thickness, the technique has a very 
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poor positive predictive value but a high negative predictive value for important endometrial 
disorders. 

Cytologic Observations in Tamoxifen Users 

The information on the use of cytologic techniques to determine the status of the endometrium 
in tamoxifen-treated patients is scarce. Yet, anecdotal evidence based on personal 
observations of a few patients by endometrial sampling has shown that, after a few years of 
medication, significant nuclear abnormalities may occur in glandular endometrial cells, 
that differ significantly from patterns of endometrial hyperplasia or carcinoma and 
most likely represent tamoxifen-induced endometrial atypia (Fig. 13-5). Abadi et al 
(2000), in a study encompassing a small number of patients treated with tamoxifen, some of 
whom developed 
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endometrial carcinoma, noted that the presence of endometrial cells and an increase in 
macrophages in cervicovaginal smears, correlated in a statistically significant fashion with 
endometrial cancer. 

Other Hormones 

Endometrial carcinoma has been observed in approximately 0.05% of women treated with a 
variety of hormones for carcinoma of the breast (Hoover et al, 1976). Hormonal 
contraceptive agents usually cause endometrial atrophy. It is not known, at this time, whether 
these agents may also contribute to the genesis of endometrial cancer, although a few such 
cases have been recorded (Silverberg and Makowski, 1975). 

Radiotherapy 

Malignant tumors of the endometrium (carcinomas and occasionally mesodermal mixed tumors) 
have been observed in patients who received a curative dose of radiation for invasive 
carcinoma of the uterine cervix (Fehrand Prem, 1974). 

Clinical Risk Factors 

Carcinoma of the endometrium has been traditionally thought to be associated with diabetes, 
obesity, hypertension, a past history of abnormal menses, and late menopause 
(Wynder et al, 1966; Elwood et al, 1977). Our own epidemiologic studies of asymptomatic 
women with occult carcinoma failed to confirm these observations (Koss et al, 1984) but this 
cohort may have differed from symptomatic women who have been the common target of such 
studies. The only statistically significant factor in the Koss study was delayed onset of 
menopause (see Table 13-8). The full extent of the clinical epidemiology of the disease is 
deserving of further studies comparing symptomatic with asymptomatic patients. 

Clinical Symptoms: Application of Cytologic Techniques 

The principal clinical symptom associated with endometrial carcinoma is abnormal bleeding. 

Endometrial carcinoma is rare in women below the age of forty. Any woman 40 years of age 
or older who shows clinical evidence of abnormal uterine bleeding for which no 
obvious cause can be found by obstetrical history or on clinical examination, should 
be, a priori, suspected of harboring endometrial cancer. Adiagnostic workup, at least an 
endometrial biopsy, but preferably an endometrial curettage, should be obtained without delay. 

Cytology should not be used as a diagnostic weapon in obvious clinical situations 
unless a curettage cannot be performed. However, endometrial cancers may produce 
no symptoms whatever or only insignificant symptoms (such as discharge or spotting) 
that are not readily elicited on routine questioning of the patient. Such lesions may be 
discovered by cytologic techniques, and their diagnosis constitutes the chief 
application of cytology to the detection of endometrial cancer. 

CLASSIFICATION OF ENDOMETRIAL CARCINOMAS AND THEIR PRECURSORS 

It is generally assumed that endometrial carcinoma is preceded by a series of molecular-genetic 
and morphologic modification of structure and configuration of endometrial epithelium and 
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glands. Two pathways of disease have been advocated (Sherman, 2000). For the common 

endometrioid type of endometrial carcinoma, the precursor lesion is known as 
endometrial hyperplasia. For the relatively uncommon serous carcinoma, the precursor 
lesion has been named intraepithelial carcinoma. 

Histologic make-up of endometrial cancer may have considerable bearing on cytologic 
diagnosis because tumors of high grade with marked nuclear abnormalities are much easier to 
recognize than very well differentiated low grade tumors with relatively trivial nuclear changes. 

The classification of endometrial carcinomas and their precursor lesions, modified from the 
WHO classification (Scully et al, 1994), is shown below. 

■ Endometrioid carcinoma 

■ Villoglandular carcinoma 

■ Endometrioid carcinoma with squamous differentiation (adenoacanthoma, 
adenosquamous carcinoma) 

■ Squamous carcinoma 

■ Precursor lesions of endometrioid carcinoma-endometrial hyperplasia 

■ Simple proliferative hyperplasia 

■ Atypical hyperplasia, carcinoma in situ (Hertig) 

■ Serous (papillary serous) carcinoma 

■ Intraepithelial carcinoma 

■ Rare type of carcinomas 

Endometrioid Carcinoma 
Histology 

As the name indicates, this malignant tumor is characterized by a disorderly proliferation of 
the endometrial glands resulting in a grotesque image of the endometrium. These 
tumors are usually primary in the endometrium but may also develop in endometrial 
polyps and in foci of endometriosis that may be located in a variety of primary sites, 
including the ovary and even the regional lymph nodes (Koss, 1963). The cancerous glands 
vary in size and configuration, are often crowded, and adjacent to each other without 
intervening endometrial stroma. Papillary projections into the lumen of the glands is not 
uncommon (Fig. 13-6A). The cancerous glands are lined by cells that are larger than normal, 
usually cuboidal but sometimes columnar (tall-cell carcinoma) in configuration. The nuclei of 
these cells vary from simple enlargement and slight hyperchromasia in low grade tumors 
to markedly enlarged, sometimes hyperchromatic nuclei in high grade tumors. A 
characteristic feature of cells of endometrioid carcinoma is the presence of clearly 
visible nucleoli. The number and size of the nucleoli also vary with tumor type, with one or 
two small nucleoli present in well differentiated tumors, when compared with up to four larger 
nucleoli in 
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high grade tumors (Long et al, 1958). The degree of nuclear abnormalities is the basis for 
nuclear grading that is thought to be of prognostic value. The frequency of mitotic figures 
varies. 
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Figure 13-6 Various histologic aspects of endometrioid carcinoma. A Grade II 
adenocarcinoma. B. A cluster of large macrophages in the stroma of an adenocarcinoma. 
C. Another cluster of macrophages in the stroma of another endometrioid carcinoma. D. 
Adenoacanthoma. 



The stroma separating the cancerous glands may occasionally show rather remarkable 
changes in the form of clusters of very large macrophages, first described by Dubs in 1923 
(Fig. 13-6B.C). Rarely, concentric, often calcified protein secretions (psammoma bodies) may 
be formed by some of these tumors (Parkash and Carcangiu, 1997). 

The degree of architectural differentiation of endometrial cancer may vary considerably and is 
of prognostic significance. Some tumors present only a slight deviation from the normal 
endometrial pattern (grade I carcinomas, sometimes referred to as adenoma 
malignum); at the other extreme, there is a grade III carcinoma, presenting as a nearly solid 
growth of cancer cells in sheets with only an occasional attempt at gland formation. Most of 
the endometrial cancers fall somewhere between the two extremes and are graded II. 

Villoglandular carcinoma is an uncommon variant of endometrioid carcinoma, characterized 
by formation of slender papillary fronds on the surface of the tumor (see Fig. 13-17B). The 
tumor cells are similar to those of a well-differentiated endometrioid cancer. 

Endometrioid Carcinomas With Squamous Component (Adenoacanthomas 
and Adenosquamous Carcinomas) 

In 25% to 40% of endometrial adenocarcinomas, depending on sampling, a squamous epithelial 
component may be observed. The histologic appearance of the squamous component 
may vary from deceptively benign to frankly malignant epidermoid or squamous cancer 
(Fig. 13-6D). The term adenoacanthoma has now been dismissed but I still find it useful in 
describing tumors with the histologically benign squamous component. The tumor type with 
malignant squamous component is usually classified as adenosquamous carcinoma. There 
is little doubt, however, that, regardless of its degree of differentiation and microscopic 
appearance, the squamous component in adenoacanthomas is malignant and even 
capable of metastases. We observed several cases in which the metastatic foci in the lungs 
were represented solely by the “benign” squamous component. The malignant nature of the 
squamous component has been confirmed by comparative genomic hybridization studies 
performed in this laboratory, that documented the presence of chromosomal abnormalities 
similar to those occurring in cancerous glands (Baloglu et al, 2000). 

In fact, in our experience, the occurrence of squamous “metaplasia” in material from 
endometrial curettings 
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should always be viewed with suspicion, as it may represent fragments of low-grade 
adenoacanthoma. There is no known prognostic difference between endometrial 
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adenocarcinomas with or without the squamous component (Marcus, 1961; Pokoly, 1970), 
although an unfavorable prognosis has been recorded for patients with adenosquamous 
carcinoma treated by radiotherapy (Ng et al, 1973). Pure squamous cancers of the 
endometrium may occur, though rarely, and usually in older women (Peris et al, 1958; 

White et al, 1973; Houissa-Vuong et al, 2002). 

Precursor Lesions of Endometrioid Carcinoma: Endometrial Hyperplasia 

It is commonly thought that endometrioid carcinoma is preceded by precursor stages of 
endometrial carcinoma known as endometrial hyperplasia of various types. 

Risk Factors 

Hyperplasia, which occurs mainly in premenopausal women, is caused by a hormonal 
imbalance in favor of estrogens and may result from disturbances of ovulation, such as the 
Stein-Leventhal syndrome, in which the estrogenic phase is not followed by a progesterone 
phase. Hormone-producing ovarian tumors, such as theca or granulosa cell tumors, may 
also produce endometrial hyperplasia. Simple hyperplasia may also be associated with 
leiomyomas (Deligdisch and Loewenthal, 1970). In postmenopausal women, administration of 
unopposed exogenous estrogens is a known cause of hyperplasia (the Writing Group for the 
PEPI Trial, 1996). 

Clinical Features 

The essential clinical feature of endometrial hyperplasia, regardless of type, is a period of 
amenorrhea followed by uterine bleeding that may be excessive in amount 
(menorrhagia) or irregular (metrorrhagia). In some patients, the bleeding may be fairly cyclic 
in character, whereas in others it is very irregularly spaced. 

Histology 

Although current textbooks and atlases of gynecologic pathology (e.g., Silverberg and Kurman, 

1 992) offer a variety of terms to describe various forms of endometrial hyperplasia, according to 
the configuration of the glands and the level of abnormalities in the epithelial lining, a simple 
classification is used here. Three forms of endometrial hyperplasia can be distinguished: 

■ Simple proliferative hyperplasia (endometrial hyperplasia with simple tubular glands without 
nuclear abnormalities) 

■ Cystic hyperplasia, which is probably a variant of simple hyperplasia 

■ Atypical hyperplasia (endometrial hyperplasia with nuclear abnormalities) 

This classification disregards the configuration of the glands, but experience has shown that in 

most hyperplasias with nuclear abnormalities, the endometrial glands are abnormally 
configured. 

Simple Proliferative Hyperplasia 

Simple endometrial hyperplasia is an abnormality of endometrial growth in which the 
equilibrium between the proliferative and the desquamative processes is disturbed in 
favor of the proliferative phase. In this form of endometrial hyperplasia, the pattern of the 
endometrium is characterized primarily by an increase in the number of tubular endometrial 
glands or their cross-sections per low-power field. The glands are separated from each 
other by endometrial stroma. Often, the glands show slight variability in size and irregular 
shapes and thus differ from the normal, tubular proliferating glands, which appear round in 
cross-section (Fig. 13-7A,B). The epithelial cells lining the hyperplastic glands tend to pile 
up and are often arranged in a somewhat disorderly fashion (loss of polarity). Under high power 
of an optical microscope and, even more so, by scanning electron microscopy, cilia are 
commonly observed on the surfaces of the endometrial glandular cells, a feature 
normally associated with the estrogenic phase of endometrial proliferation (see Chapter 8). 

Mitotic activity may take place at all levels of the epithelium. The size of the nuclei reflects 
phases of the cell cycle. Most nuclei are of normal size. Occasionally, however, the nuclei are 
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slightly enlarged, reflecting late phases of cell cycle, and contain small nucleoli, 
changes that may also be observed in normal endometrium in proliferative phase. 

Simple proliferative hyperplasias do not show any chromosomal abnormalities by 
comparative genetic hybridization and, therefore, must be considered as a benign disorder 
(Baloglu et al, 2000). These lesions are polyclonal by molecular techniques, whereas 
malignant lesions are usually monoclonal (Mutter et al, 2000). 

Clinical Significance. 

In many premenopausal women, the restoration of the ovulatory cycle by hormonal 
manipulation has resulted in the return to a normal endometrial pattern (the Writing Group for 
the PEPI Trial, 1996). Return to normal may also be expected after removal of estrogen- 
producing ovarian tumors. Yet, in rare cases, proliferative hyperplasia of long duration may 
become associated with atypical hyperplasia and endometrial carcinoma. Whether these are 
coexisting incidental events, as advocated by Horwitzet al (1981) or reflect some, as yet 
unknown, common pathway among these lesions, cannot be stated at this time. 

Cystic Hyperplasia (Swiss Cheese Hyperplasia) 

This disorder is seen mainly in peri- and postmenopausal women, although it may occasionally 
occur in premenopausal women. The endometrial glands are of variable sizes but most 
are markedly dilated and cystic. Their lumina are either empty or filled with amorphous 
material and debris. The epithelial lining of the glands is quite variable and may be separated 
into active and inactive forms. When the disease is observed in premenopausal women, the 
gland lining is usually “active” and resembles that 
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of simple proliferative hyperplasia, described above. In postmenopausal women, the 
gland lining is “inactive,” consisting of a single layer of cuboidal cells without any 
evidence of proliferative activity. In the latter situation, the disease must be differentiated 
from cystic atrophy of the endometrium (see Chap. 8). 




Figure 13-7 Endometrial hyperplasia and Hertig's carcinoma in situ. A,B. Simple 
endometrial hyperplasia with cystic dilatation of glands. The epithelium of these glands is 
often ciliated. C. Complex (atypical) hyperplasia in which the glands are numerous, 
crowded, and of unequal size and irregular configuration. D. Aform of atypical endometrial 
hyperplasia in which the glands form papillary projections lined by tall cells with 
eosinophilic cytoplasm. This lesion, named carcinoma in situ, was observed by Hertig et al 
(1949) in endometrial curettage specimens obtained some years before the development of 
an endometrioid carcinoma. 



It is likely that cystic hyperplasia represents an end stage of involution of the simple proliferative 
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endometrial hyperplasia. The association of this form of hyperplasia with endometrial 
adenocarcinoma is uncommon, but I have repeatedly observed such lesions side by side. 

Atypical Hyperplasia 

Atypical or adenomatous hyperplasia is defined by an increase in the number of 
endometrial glands of various sizes and variable configuration per low-power fie Id, 
usually associated with nuclear abnormalities in cells of the glandular epithelium (Fig. 

13-7C). The atypical glands are separated from each other by endometrial stroma, although 
“back to back” glands, without intervening stroma, are also seen. 

The epithelial cells in most of these lesions are similar to cancer cells because they 
are frequently enlarged, have enlarged nuclei with prominent nucleoli, and show 
intense mitotic activity at all levels of the epithelium. As in endometrioid carcinomas, the 
stroma may show accumulation of large macrophages. 

In an important retrospective study by Hertig et al (1949), the precursors of endometrioid 
carcinoma were classified as endometrial carcinoma in situ, to be differentiated from the 
newly established entity, endometrial intraepithelial carcinoma (EIC), the precursor lesion of 
the serous-papillary carcinoma. Endometrial carcinoma in situ is a form of atypical 
hyperplasia that was observed in prior endometrial biopsies and curettage material in women 
who subsequently developed endometrioid carcinomas. This lesion was characterized by 
endometrial glands of variable, irregular configuration, lined with large, usually columnar 
cells with eosinophilic cytoplasm, forming either single or multiple layers. Papillary 
proliferation and bridging of the lumen of the gland by proliferating epithelial cells may be 
observed. The nuclei, which occupy variable positions in relation to the lumen, are enlarged, 
vesicular, and usually contain visible nucleoli. The degree of cell abnormality is better 
appreciated if the gland lumen contains desquamated cells; these often show nuclear 
hyperchromasia and large nucleoli (Fig. 13-7D). 
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Comparative genomic hybridization disclosed that the atypical hyperplasia, even with 
trivial nuclear abnormalities, shares with endometrioid carcinoma a number of 
chromosomal abnormalities and, therefore, should be considered a precancerous 
lesion or an early stage of endometrioid carcinoma (Baloglu et al, 2000). It is not 
surprising, therefore, that in many instances the histologic differentiation of atypical hyperplasia 
from early carcinoma is a matter of dispute among competent pathologists. In fact, photographs 
of the two lesions in various publications could often be substituted for one another. One could 
repeat verbatim the statement regarding the differential diagnosis of precancerous lesions of 
the cervix, that “every debatable case could become a ‘shopping slide,’” ultimately handled by 
ablation of the uterus, not out of knowledge, but out of desperation. The famous saying “kein 
Karzinom aber besser heraus” (not a carcinoma but better take it out), attributable to a 
German gynecologist, Halban (cited by Novak, 1956), pertains to atypical hyperplasia. Some 
observers proposed the term endometrial intraepithelial neoplasia (EIM), to encompass 
atypical hyperplasia and well differentiated endometrioid carcinomas (Sherman and 
Brown, 1979; Fox and Buckley, 1982), a term that reflects the realities of the situation. The term 
has been revived recently by an Endometrial Collaborative Group that included 19 gynecologic 
pathologists from several countries by adding molecular biologic criteria (Mutter et al, 2000). 

Monoclonality and instability of microsatellites, were the principal molecular 
abnormalities linking EIM to endometrial carcinoma. 

The relationship of simple proliferative hyperplasia to atypical hyperplasia is not clear and one 
cannot rule out the possibility that the benign form may sometimes be transformed into the 
malignant form. 

The differential diagnosis of endometrial hyperplasia in curetted material includes 
endometrial polyps, artifacts produced by dull curettes, secretory endometrium in the 
premenstrual stage showing see-saw appearance of endometrial glands, and the 
glands of the endometrial basal layer, which are often somewhat dilated and irregular 
in shape. 
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Role of Hyperplasia in the Genesis of Endometrial Carcinoma 

Evidence for progression of atypical hyperplasia to carcinoma of the endometrium is relatively 
poor because most of these lesions cause symptoms and are treated, at least by curettage and 
hormonal manipulation, but not infrequently by hysterectomy. At the time of this writing (2004), 
few patients with these abnormalities are left untreated. The evidence of progression is based 
on older studies. Afrequently cited study is that by Gusberg and Kaplan (1963) in which a 
group of patients with “adenomatous hyperplasia” were prospectively followed; several of them 
(about 1 0%) developed endometrial cancer. Anecdotal evidence of progression of endometrial 
hyperplasia to carcinoma was also provided by Foster and Montgomery (1965). In a 
retrospective study of 170 patients, Kurman et al (1985) classified hyperplasias according to 
the degree of nuclear abnormality. Carcinoma developed in only 2 of 122 patients without 
significant cytologic atypia and in 11 of 48 women (23%) with “atypical” glands. The 
“progression” also depended on the complexity of the glandular pattern with “simple” lesions 
less likely to progress than “complex” lesions. Many of the lesions illustrated in the Kurman 
paper as “atypical complex hyperplasia” could be classified by other observers as a well- 
differentiated endometrioid carcinoma. Further, even though none of these patients were 
initially treated by hysterectomy, most received some form of treatment such as hormonal 
manipulation, curettage, or both. Flence, the rate of development of invasive cancer in 
untreated patients could be much higher. 

Flowever, there is substantial evidence suggesting that endometrial hyperplasia is not a 
mandatory stage in the development of endometrioid carcinoma (or other types of 
endometrial cancer) that may also develop de novo, particularly in postmenopausal 
women. The search for occult endometrial cancer (Koss et al, 1981, 1984) strongly suggested 
this possibility (see below). In an older contribution, Greene et al (1959) observed peripheral 
hyperplasia in only 10 of 120 cases of endometrial carcinomas. These authors expressed the 
view that, “some (and probably the minority) of endometrial carcinomas are preceded 
by or possibly induced in or developed from areas of endometrial hyperplasia.” These 
observations are particularly valuable because they were published in 1959, before widespread 
use of hormones obscured endometrial pathology. 

Based on a case control study, cited above, Florwitzand Feinstein (1978) proposed that 

“endometrial hyperplasia and carcinoma may represent separate expressions of 
endometrial pathology, which may occur side by side, but do not necessarily follow 
each other. It is further suggested that the so-called atypical hyperplasia, a lesion most 
likely to ‘progress’ to invasive carcinoma, does in fact represent a low-grade 
endometrial carcinoma. The two lesions can only be separated from each other by a 
series of intricate and generally nonreproducible morphologic criteria.” Still, endometrial 
hyperplasia of whatever type must be construed as a warning sign that an endometrium is not 
cycling or not cycling properly and, therefore, is susceptible to neoplastic events. With luck and 
skill, the cytologic diagnosis of occult endometrial hyperplasia is sometimes possible either in 
cervicovaginal smears or in direct endometrial samples. 

It has been reported that hormonal manipulation of atypical hyperplasia with progesterone and 
related drugs may occasionally restore the cycling endometrial pattern (the Writing Group for 
the PEPI Trial, 1996). Yet, in our experience, these drugs are rarely, if ever, curative of the 
disease. There is little doubt, however, that the presence of these abnormalities puts the 
untreated patient at risk for the development of endometrial carcinoma, although the degree of 
risk cannot be estimated in any individual patient. 

Serous (Papillary Serous) Carcinoma 

About 10% of endometrial cancers that are similar to ovarian tumors of comparable 
configuration have been recognized 
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many years ago as tumors with poor prognosis, capable of forming metastases, even if 
diagnosed in early stages (Chen et al, 1985). The tumors are composed of large malignant 
cells, often forming papillary structures that may contain psammoma bodies (Spjut et al, 

1964; Factor, 1974). It must be stressed, however, that psammoma bodies may also occur in 
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endometrioid carcinoma, in benign endometria, and endometrial polyps in the absence of 
cancer. Quite often, the tumors infiltrate the myometrium as poorly formed glands or solid 
strands of tumor cells. Mutation of p53 gene occurs in the primary tumor and its metastases 
(Baergen et al, 2001). 

Precursor Lesions of Serous Carcinoma 

Recent studies of this group of tumors traced their origin to malignant changes in the 
surface endometrium and adjacent glands that has been labeled endometrial 
intraepithelial carcinoma (Fig.13-8A,B), and which is characterized by expression of 
mutated protein p53 (Sherman et al, 1992, 1995, 2000). On the surface, the lesion is 
composed of a single or double layer of large cancer cells with large nuclei and nucleoli, 
sometimes in a palisade arrangement. Adjacent glands show similar changes. Mitotic activity is 
abundant. The proponents of EIC avoided the use of the term endometrial carcinoma in situ, 
an abnormality of endometrial glands, described by Hertig et al (1949) as a precursor lesion 
of endometrioid carcinoma, discussed above. It has been proposed that the genesis of serous 
endometrial carcinoma follows a different pathway from endometrioid carcinoma and is 
unrelated to endometrial hyperplasia (Sherman et al, 1992, 1995, 2000). 
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Figure 13-8 Various forms of endometrial carcinoma. A An example of intraepithelial 
carcinoma on the endometrial surface, notable for the expression of mutated p53 gene. B. 
Extension of the intraepithelial carcinoma to endometrial glands (hysterectomy specimen). 
C. An example of clear cell carcinoma. D. An example of endometrial adenocarcinoma with 
multinucleated giant cells. ( AB : courtesy of Dr. Robert Kurman, Johns Hopkins, Baltimore, 
MD.) 



Rare Histologic Variants of Endometrial Carcinoma 

Endometrial carcinomas may show evidence of secretory activity (secretory carcinomas) that 
may be a mucin-like substance (mucinous carcinomas). Such tumors should be differentiated 
from endocervical carcinoma. Some endometrial tumors are composed of “clear” cells, i.e., cells 
with transparent cytoplasm, showing cell arrangement not unlike that seen in similar tumors of 
the uterine cervix and vagina (clear cell carcinomas; Fig. 13-8C). Other rare types of 
endometrial cancer include carcinomas with argyrophilic cells (Ueda et al, 1979; Aguirre et 
al, 1984), small cell (oat cell) type (Pazet al, 1984), carcinoma with “glassy cell features” 

(Arends et al, 1984), carcinoma with ciliated cells (Hendrickson and Kempson, 1983; Gould 
et al, 1986; Maksem, 1997) and carcinoma with giant cells, resembling osteoclasts (Fig. 13- 
8D) (Jones et al, 1991). 
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Occasionally, endometrial carcinomas are composed in part of spindly malignant cells (spindle 
cell carcinomas or carcinosarcomas). The differential diagnosis of these tumors with 
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mesodermal mixed tumors is discussed in Chapter 17. 

Staging and Prognosis 

Endometrial carcinoma is staged according to the spread of the disease. In stage I, the disease 
is confined to the corpus, subdivided into la (depth of uterine canal less than 8 cm) and lb 
(depth of uterine canal 8 cm or more). Stage II disease indicates involvement of corpus and 
cervix. Stage III indicates extension beyond the uterus but still confined within the bony pelvis, 
and stage IV indicates spread to the bladder and/or rectum, or evidence of distant metastases. 
Tambouret et al (2003) pointed out that extension of endometrial carcinoma to the uterine cervix 
may have a deceptively benign appearance in histologic sections. The role of peritoneal 
washings in staging of endometrial cancer is discussed in Chapter 16. Staging may also 
include histologic grade (G) of the lesion, discussed above, with G1 indicating a well- 
differentiated carcinoma, G3 poorly differentiated cancer, and G2 cancer of an intermediate 
grade. Poor prognosis of serous carcinoma, regardless of stage, has been mentioned above. 

The results of treatment are by no means spectacular; only stage I G1 lesions respond well and 
offer a nearly 100% 5-year cure. For all stages and grades, the 5-year survival rate is only 
about 65%, and this figure has not changed much over the years (Frick et al, 1973; Prem et al, 
1979; Robboy and Bradley, 1979; Partridge et al, 1996). More recent figures, based on a very 
large cohort of women in Norway, reported 5-year survival for all stages at 78% and 1 0-year 
survival at 67% (Abeler et al, 1992). The survival was stage dependent, with best results 
reported for stage I disease, and the poorest for stage IV. Flence, endometrial carcinoma is a 
serious, often misunderstood, disease and its early detection is a worthwhile undertaking. 

Other Features of Prognostic Significance 
Tumor Ploidy 

DNA ploidy measurements have been shown to be of prognostic value in endometrial 
carcinoma (Atkin, 1984; Iverson and Laerum, 1985; Iverson and Utaaker, 1988; and others). It 
has been documented that tumors with approximately diploid DNA content have a better 
prognosis than aneuploid tumors. In general, well-differentiated endometrioid carcinomas have 
a diploid DNA content but occasionally higher grade tumors are also in the diploid range of 
measurements. 

Morphometric Studies 

Baak et al (1988) reported that combined architectural and nuclear morphometric features in 
tissue sections were a more accurate predictor of behavior of endometrial hyperplasia than 
nuclear features alone. This elaborate study requiring costly instrumentation and dedicated 
personnel is not likely to be of practical value in the laboratory. 

Steroid Receptors 

These studies have documented the presence of estrogen and progesterone receptors in most 
endometrial carcinomas and in some metastases (Ehrlich et al, 1981; Kauppila et al, 1982; 
Creasman et al, 1985; Utaaker et al, 1987). Lowerstage, better-differentiated tumors appear to 
have higher levels of both receptors and better prognosis than the receptornegative tumors. 

The presence of receptors in metastases may be used as a guide in hormonal manipulation 
and treatment of disseminated disease. 

Molecular Studies 

The presence of mutated p53 protein in serous carcinoma and, to a much lesser extent, in 
advanced endometrioid carcinomas, has been documented by Bur et al (1992) and by Sherman 
et al (1995). The presence of mutated p53 may be an expression of the documented poor 
prognosis of serous carcinoma. Epidermal growth factor (EGF) expression was extensively 
studied in endometrial cancer with conflicting results. While some investigators found the 
increased expression of this factor to be correlated with stage and grade of the disease 
(Battaglia et al, 1989), others failed to confirm these findings (Reynolds et al, 1990; Nyholm et 
al, 1993; Jassoni et al, 1994). It is of interest that Jassoni et al recorded the highest expression 
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of EGF in adenoacanthomas. Cell cycle regulators, such as proteins related to the Rb gene, 
are down-regulated in atypical hyperplasia and adenocarcinoma (Susini et al, 2001). 

Molecular Genetic Studies 

Baloglu et al (2001 ) have shown by the technique of comparative genetic hybridization that 
chromosomal abnormalities are common in endometrioid carcinomas and in their 
squamous component. Excess of chromosome 1 (at least triploidy), and gains and losses of 
chromosome 10, are the most common features, confirming direct cytogenetic observations. 

The reader is referred to the article cited for a detailed analysis of these abnormalities. 

It has been documented that endometrial cancers (and some atypical hyperplasias) are 
monoclonal in reference to chromosome X, i.e., the tumors contain two X chromosomes, 
both of either maternal or paternal origin, whereas benign tissues and lesions are polyclonal, 
i.e., contain one chromosome each of maternal and paternal origin (summary in Mutter et al, 

2000). It has also been observed that a subset of endometrial carcinomas show microsatellite 
instability, i.e., a change in the size of repetitive DNA sequences, known as microsatellites 
(Reisinger et al, 1993; Duggan et al, 1994). It remains to be seen whether these observations 
are of prognostic significance. 

CYTOLOGIC PRESENTATION OF ENDOMETRIAL CARCINOMAS IN ROUTINE 
CERVICOVAGINAL SAMPLES 

General Appearance 

The smears from fully developed endometrial carcinomas are often characterized by the 

presence of inflammation, necrotic material, and fresh and old (fibrinated) blood 
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(Fig. 13-9). The latter may be observed in asymptomatic patients in the absence of clinical 
evidence of bleeding and may confer upon the smear a peculiar yellow-orange discoloration. 

The finding is more common in vaginal pool smears than in cervical samples. Such smears 
must be carefully screened for evidence of endometrial cancer, particularly in perimenopausal 
or postmenopausal patients. In liquid samples, this background may be lost. 

Hormonal Pattern 

In advanced cancer, the hormonal pattern is not distinctive and is of little diagnostic help, even 
though high maturation of squamous cells may be observed occasionally in a postmenopausal 
patient. Patients with early stages of endometrial carcinoma are more likely to display 
excellent maturation of squamous cells (Fig. 13-10A). 

Recognition of Endometrial Cancer Cells 

Endometrial cancer cells, usually accompanied by leukocytes and macrophages, are often 
poorly preserved, concealed by blood and debris and are difficult to identify under the 
scanning power of the microscope (see Fig. 13-9A). Therefore, the cytologic evidence of 
disease is often very scanty. The finding of endometrial cancer cells in cervicovaginal 
smears usually indicates the presence of a fully developed endometrial carcinoma which 
may be occult. When interrogated, most patients report a history of spotting. 
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Figure 13-9 Endometrial carcinoma in cervicovaginal smears. A Low-power view of 
two clusters of endometrial cells against a background of marked inflammation. B. Higher 
power view of some of the inconspicuous small cancer cells ( arrows ) and macrophages. 
Note a mature squamous cell in the background. C. A cluster of cancer cells of various 
shapes and sizes. Some of the cells are cuboidal. The nuclear abnormalities consist of 
enlargement, coarse granulation, and the presence of nucleoli. D. Papillary endometrioid 
carcinoma corresponding to smears shown in A-C. 



Cells of endometrial adenocarcinoma occur singly and in clusters of various sizes. Their 
appearance varies in keeping with the degree of tumor differentiation. Reagan and Ng 
(1973) used planimetry in the evaluation of cells of endometrial adenocarcinoma, and pointed 
out that the number of malignant cells in smears, the size of such cells, the size of their nuclei, 
and the degree of nucleolar abnormalities increase in proportion to the degree of histologic 
abnormality of the parent tumor. In our experience, high degrees of cytologic abnormalities in 
smears usually, though not always, correspond to fully invasive tumors. 

Well-Differentiated Carcinomas 
Single Cancer Cells 

In such tumors, the single cancer cells are often inconspicuous and small, measuring from 10 
to 20 pm in diameter 

P.438 

and, hence, are about the size of small parabasal squamous cells (see Figs. 13-9B.C and 13- 
10C). The cells are usually roughly spherical, cuboidal or columnar. Their cytoplasm is 
bluish or slate gray in color, very delicate, and poorly outlined. Cytoplasmic vacuoles 
are commonly present but vary in size and may be small and inconspicuous or occupy much of 
the cytoplasm. In the latter instance, the cells often assume the signet-ring appearance with 
the nucleus in eccentric position. Some of these cancer cells resemble small macrophages. 

As is common in mucus-producing tumor cells, the cytoplasmic vacuoles are sometimes 
infiltrated with polymorphonuclear leukocytes that may obscure the details of cell structure 
(Fig. 13-1 1C). The nuclei are usually spherical, somewhat hyperchromatic, finely 
granular and often, but not always, contain small, but clearly visible nucleoli (see Figs. 

13-9C, 13-1 OB, 13-11 A-C). 
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Figure 13-10 Endometrial adenocarcinoma in cervicovaginal smears. A The smear 
pattern shows very high maturation of squamous cells. B. A cluster of endometrial cancer 
cells, one showing vacuolated cytoplasm and one showing nuclear enlargement. C. 
Numerous macrophages in a vaginal pool smear from the same patient. D. Endometrioid 
carcinoma grade II. 



Cell Clusters 

Well-differentiated endometrioid adenocarcinoma is easier to identify if the cancer cells occur in 
clusters. The clusters may be small and made up of only a few cells (Figs. 13-9C and 13-1 OB) 
or they may be larger. The clusters are often obscured by fresh or fibrinated blood and necrotic 
debris. The cells forming the small clusters are often cuboidal or columnar in shape and 
are characterized by somewhat granular spherical nuclei, usually provided with small but 
clearly discernible nucleoli (see Fig. 1 3-11 B). Sometimes, the cancer cells form rosette-like 
clusters (see Fig. 13-1 IB). In larger clusters, which are sometimes of spherical (papillary) 
configuration, the small cancer cells are usually piled up, one on top of the other, and their 
identity may be difficult to establish. 

The greatest challenge in cytology of well-differentiated endometrial carcinoma is the 
identification and recognition of endometrial origin of the often inconspicuous small cells, let 
alone their diagnostic significance. The interpretation of such preparations is often extremely 
difficult, particularly in the absence of symptoms. 

In many such tumors, there are no detectable cytologic abnormalities at all and only 
morphologically normal endometrial cells, singly and in clusters, are observed. This finding 
is particularly important in postmenopausal women. In one of the very few papers dealing 
with cytology of well differentiated (low-grade) endometrial carcinomas, Gu et al (2001) 
observed that only 43% of 44 such patients had abnormal cervicovaginal samples, when 
compared with 72% (23 of 32) for high grade lesions (see below). 

The most important point of differential diagnosis of clusters of endometrial cancer cells is 
with atypical endocervical cells. The endometrial cells are usually smaller than 
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endocervical cells and their cytoplasm is pale, scanty, and not sharply demarcated, whereas the 
cytoplasm of endocervical cells is usually more abundant and crisply outlined. Still, when the 
endometrial cells are of columnar shape, the distinction may be very difficult. Clinical history 
may help: endometrial cancer cells are most often encountered in perior postmenopausal 
women whereas the atypical endocervical cells occur mainly in younger age groups. Exceptions 
to these rules, however, occur quite often. 
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Figure 13-11 Occult endometrial adenocarcinoma diagnosed in cervicovaginal 
smears. A. A string of small cancer cells with hyperchromatic nuclei and very scanty 
cytoplasm against a background of high maturation of squamous cells. B. A cluster of very 
characteristic endometrial cells, some of columnar configuration, all showing enlarged 
granular nuclei, some containing nucleoli. C. Isolated poorly preserved endometrial cells, 
one with cytoplasm unfiltrated by neutrophiles. D. Asymptomatic endometrioid carcinoma, 
grade II, found in this patient. 



High-Grade (Poorly Differentiated) Endometrial Carcinomas 
Single Cells 

Single cells of high-grade endometrioid carcinomas (and papillary-serous carcinomas, as 
emphasized by Wright et al, 1999) are much easier to recognize. The cancer cells are large, 
measuring from 15 to 30 pm in diameter, and are usually provided with large, granular 
or homogeneous nuclei, often containing large, sometimes multiple nucleoli (Fig. 13- 
12). Less often the nuclei are finely granular or even clear. Enlarged and multiple nucleoli 
are an important diagnostic feature of the endometrial cancer cells in high grade 
tumors. The nucleoli may not be visible in poorly preserved dark nuclei but usually stand out in 
better preserved cells. Long et al (1958) found a direct correlation between the number and the 
size of the nucleoli and tumor differentiation: In poorly differentiated tumors the number and the 
size of the nucleoli per nucleus were larger than in well-differentiated carcinomas. 

The cytoplasm of the endometrial cancer cells is often distended by vacuoles of variable 
sizes. It may also be infiltrated with polymorphonuclear leukocytes. Sometimes, very bizarre 
cancer cells may be observed (Fig. 13-13A.B). The derivation of such cells may be difficult to 
establish. 

Cell Clusters 

In their most conspicuous and classic form, the clusters are of oval or round papillary 
configuration and are made up of clearly malignant ceils with scanty, frayed, basophilic 
cytoplasm and large, hyperchromatic nuclei (Fig. 13-13C,D). The size of the component 
cells in clusters may vary and is related to the grade of the tumor. In relatively well-differentiated 
endometrial carcinomas, the cancer cells are generally smaller than in high-grade, poorly 
differentiated tumors. In all tumor grades, however, conspicuous nuclear abnormalities are 
present: there is nuclear enlargement, nuclear hyperchromasia of varying degrees, 
and the presence of visible, occasionally large, sometimes multiple, and often 
irregularly shaped nucleoli. The clusters are usually accompanied by single, classic 
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cancer cells elsewhere in the preparation. Similar clusters may reflect ovarian or tubal 
carcinomas (see Chap. 15). 
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Figure 13-12 High grade endometrial carcinoma in cervicovaginal smears. A. A 

cluster of large cancer cells at higher magnification to show markedly enlarged nuclei and 
irregular nucleoli. The smear background shows blood and mature squamous cells. B. 
High-grade, poorly differentiated tumor corresponding to A. C. Endometrial cancer cells 
showing large nuclei with prominent nucleoli and vacuolated cytoplasm, occasionally 
infiltrated by neutrophiles. D. Endometrial carcinoma corresponding to C. 



The presence of psammoma bodies in cases of endometrioid or serous carcinoma has been 
reported by Spjut et al (1964), Factor (1974), and Parkash and Carcangiu (1997). This finding 
is rare in cytologic preparations of carcinomas of the endometrium and much more common in 
ovarian cancer (see Chap. 15). 

Macrophages (Histiocytes) in the Diagnosis of Endometrial Carcinoma 

In our original contribution on the subject of endometrial carcinoma (Koss and Durfee, 1962), it 
was pointed out that, in vaginal pool smears, the presence of macrophages (or of 
endometrial cancer cells mimicking macrophages) is of help in the recognition of 
endometrial disease (Fig. 13-14). These observations were subsequently re-examined by 
various observers in cervical smears with negative results (Zucker et al, 1985; Nguyen et al, 

1998; Tambouret et al, 2001). We have repeatedly emphasized that the finding of 
macrophages in cervical smears is of no diagnostic value and that the negative results 
of these studies could be fully anticipated. Still, macrophages and macrophage-like 
cells may accompany cells of endometrial adenocarcinoma but rarely tumor cells of other 
origins (see Figs. 13-1 1C and 13-14C). These cells have a delicately vacuolated cytoplasm and 
a round or kidney-shaped, occasionally eccentric nucleus. They may vary considerably in size. 

The origin of these cells appears to be endometrial stroma, which often contains islands of 
similar cells in histologic sections, as described above (see Fig. 13-6B,C). Macrophages of 
this type may be, at times, the only evidence of endometrial cancer, particularly in 
postmenopausal patients, but are not diagnostic of this disease. Still, their presence may 
lead the experienced observer to call for additional investigation of the endometrium. These 
observations were recently confirmed by Wen et al (2003). These authors reported that the 
presence of macrophages alone, in the absence of endometrial cells in cervicovaginal smears, 
led to the diagnosis of endometrial pathology (mainly polyps, but also carcinomas) in several 
patients. 

Cells of Adenoacanthoma and Adenosquamous Carcinoma 

It is sometimes possible to diagnose adenoacanthoma or adenosquamous carcinoma on 
cytologic evidence. In such 
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cases, the preparations contain cells of endometrial adenocarcinoma and atypical or 
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frankly malignant squamous cells (Figs. 13-15 and 13-16). Usually, the squamous cells 
differ somewhat from cells of cervical squamous carcinoma; their cytoplasm is 
sometimes deeply keratinized, and they tend to be round or oval and lack the irregularity 
of shape seen in cervical cancer (Fig. 13-15C). Buschmann et al (1974) referred to some 
such cells as “keratin bodies.” In extreme cases, fragments of keratin may be seen. The 
configuration of malignant squamous cells does not always provide a clue to the nature of the 
endometrial tumor. Thus, squamous cancer cells may be observed either in 
adenosquamous carcinoma or in low grade adenoacanthoma. The latter cases confirm 
the malignant nature of the seemingly benign “metaplastic” squamous component. Baloglu et al 
(2001 ) studied the foci of squamous differentiation in one such lesion by comparative 
genomic hybridization and observed in it chromosomal abnormalities consistent with 
endometrioid carcinoma, thus confirming that the squamous component is an integral 
part of the malignant tumor. 




Figure 13-13 Various cytologic presentations of endometrial carcinoma. A Very 
large, poorly differentiated tumor cells. Such cells are rarely found in endometrial cancer. B. 
Moderately differentiated, but focally markedly atypical, endometrioid carcinoma 
corresponding to A. C. Vaginal pool smear showing a papillary cluster of cancer cells that 
could be of endometrial, ovarian, or tubal origin. D. Endometrial carcinoma corresponding 
to C. 



Rare Types of Endometrial Carcinomas 

We have observed examples of superficial villoglanduiar carcinoma. The lesion shed 
papillary cell clusters composed of large cells with abundant eosinophilic cytoplasm and large, 
pale nuclei with visible nucleoli (Fig. 13-17A,B). We also observed a case of the very rare clear 
cell carcinoma. The large tumor cells with clear cytoplasm formed glandular structures, 
diagnostic of adenocarcinoma (Fig. 13-17C.D). The tumor type came as a surprise. 

Praca et al (1998) described a case of the extremely rare neuroendocrine small cell 
carcinoma of the endometrium. The cytologic pattern of small malignant cells could not be 
distinguished from similar tumors of the uterine cervix. 

Tumor Typing in Cytologic Samples 

Although well-differentiated endometrioid carcinomas have a reasonably characteristic cytologic 
presentation, described above, the precise histologic type of endometrial carcinoma can 
rarely be established in cytologic material. High grade endometrioid carcinomas, their 
variants, and serous-papillary carcinomas shed similar cells. 



When endometrial adenocarcinomas shed papillary cell clusters, the differential diagnosis 
must comprise adenocarcinomas of the fallopian tube and ovary and adenocarcinomas 
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of other origins metastatic to the female genital tract. If only single, large cancer cells 

are present in the 
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cytologic sample, the differential diagnosis should include other cancers, such as a 
poorly differentiated squamous (epidermoid) carcinoma and other poorly differentiated 
primary or metastatic tumors. Tissue evidence and immunohistochemistry may solve the 
problem in some, but not necessarily all, the cases. 



r mm . 




Figure 13-14 Occult endometrial carcinoma observed in vaginal pool smears. A. A 

cluster of endometrial cancer cells showing large granular nuclei and occasional nucleoli. 
B. Poorly preserved small endometrial cancer cells, somewith the vacuolated cytoplasm 
infiltrated byneutrophiles. C. Multinucleated macrophages shown in the same smear. The 
presence of macrophages is of interest only in vaginal smears (see text). D. Endometrial 
carcinoma with marked stromal reaction. 



Although the adenoacanthomas and adenosquamous carcinomas of the endometrium 
have a characteristic presentation, described above, they still have to be differentiated from 
coexisting endocervical adenocarcinoma and epidermoid carcinoma and 
adenosquamous carcinomas of the endocervix. The squamous component of all these 
lesions may be similar or identical but there is a difference in the configuration of the cells of 
endometrial and endocervical adenocarcinomas (see Chap. 12). 

Efficacy of Cytologic Diagnosis 

In our experience, about 65% of all cases of endometrial adenocarcinoma may be diagnosed in 
the now rarely used vaginal smears (Koss and Durfee, 1962). The cervical smears will yield 
a positive diagnosis in about 25% of cases. Nonetheless, the cytologic suggestion or diagnosis 
of endometrial carcinoma may be of diagnostic assistance if clinical symptoms of endometrial 
cancer are inadequately reported by the patient or improperly interpreted by the physician. In 
such patients, the cytologic diagnosis of endometrial carcinoma may come as a surprise to the 
clinical provider but requires further investigation with beneficial diagnostic and therapeutic 
results (Table 13-1). 

The cytologic presentation of endometrial adenocarcinoma in direct endometrial samples is 
described below. 

Pitfalls 

• Menstrual smears. As repeatedly mentioned, endometrial cells and cell clusters may be 
found in cervicovaginal smears until the 1 2th day of the cycle, hence for several days after 
the cessation of the clinical bleeding. Therefore, one should abstain from making the 
diagnosis of endometrial carcinoma in menstruating patients. 
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■ Intrauterine contraceptive devices may result in endometrial shedding, particularly at mid- 
cycle. 

■ Effects of hormonal medication. One of the most important pitfalls in evaluation of the 
endometrium in postmenopausal women is the effect of hormones. All hormones, whether 
estrogen, progesterone, androgens, or corticosteroids, may stimulate endometrial growth 
to varying degrees, resulting in shedding of endometrial 
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cells. If the pattern of the cervicovaginal smear is atrophic prior to therapy, any of these 
hormones but especially estrogens (and other drugs, such as Tamoxifen and digitalis), 
may produce improved maturation of the squamous cells (see Chap. 18). These effects have 
been observed by us even after administration of beauty creams with hormones. Withdrawal 
bleeding, particularly after the use of estrogens, may produce the perfect picture of 
endometrial carcinoma: high maturation of squamous cells, presence of endometrium and 
blood. Similar findings may be observed in women wearing lUDs (see above). 

■ In material from patients receiving contraceptive hormones with high progestin content, 
single endocervical cells with enlarged, hyperchromatic nuclei, may appear, 

rendering the differential diagnosis very difficult (see Chaps. 10 and 18). The only way to 
avoid the pitfalls of these iatrogenic situations is to obtain an accurate history of medications 
and to insist on histologic confirmation of any cytologic suspicion of endometrial carcinoma. 

■ Endometrial polyps may shed atypical endometrial cells that may be mistaken for cancer. 

Other disorders of endometrium that may mimic carcinoma are chronic inflammatory 
processes, particularly tuberculosis, regenerating endometrium, and Arias-Stella cells 
(see Chap. 8). Ehrman (1975) described two cases of postmenopausal women with cytologic 
findings suggestive of endometrial carcinoma, caused by atypical endometrial lining overlying 
foci of stromal breakdown. Ehrman pointed out that similar abnormalities may occur during 
normal menstrual bleeding and that the nuclei of endometrial epithelial cells may be very 
large and contain conspicuous nucleoli. 




Figure 13-15 Endometrial adenoacanthoma in cervicovaginal smears in a 68-year- 
old woman. A. Endometrial cancer cells with vacuolated cytoplasm. B. A papillary rosette- 
like cluster of endometrial cancer cells. C. Endometrial cancer cells surrounding spherical, 
extremely well-differentiated squamous cells. D. Tissue section corresponding to A-C 
showing an endometrioid carcinoma with well-differentiated squamous component. 



CYTOLOGIC DIAGNOSIS OF ENDOMETRIAL HYPERPLASIA IN ROUTINE 
CYTOLOGIC SAMPLES 

Most patients with endometrial hyperplasia, regardless of type, are symptomatic and offer few 
opportunities for a cytologic diagnosis. Occasionally, however, there occurs an asymptomatic 
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(or minimally symptomatic) patient in whom the diagnosis of hyperplasia may be attempted in 
routine smears. Much of the confusion in the literature pertaining to the cytologic diagnosis of 
endometrial hyperplasia is caused by lack of correlation of the cytologic findings with histology. 

The findings differ according to the histologic patterns of the 
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lesions. The only feature that these disease states may have in common is the hormonal 
pattern in smears. 




Figure 13-16 Endometrial adenoacanthoma. A Two large papillary clusters of 
endometrial cancer cells. B,C. Isolated, well-differentiated squamous cancer cells in the 
same smear. D. Adenoacanthoma corresponding to A-C. 



Hormonal Pattern 

Premenopausal Women 

Sequential vaginal smears in women with endometrial hyperplasia may show a fairly 
constant pattern of maturation of squamous cells without the customary cyclic 
variations. The maturation is not necessarily very high and may remain moderate for long 
periods of time. The assessment of the hormonal status in a single cervicovaginal 
smear may be highly misleading. Only multiple smears repeated over several cycles may 
provide this information (see Chap. 9). 

Postmenopausal Women 

In these patients, there is usually a pattern of good maturation of squamous epithelium. As has 
been emphasized before, such findings in postmenopausal patients are not necessarily 
abnormal and only a constant, very high level of maturation of squamous cells in the absence 
of medication of any type may be considered unusual. 

Endometrial Cells 

Simple Proliferative and Cystic Hyperplasia 

In the rare asymptomatic patients with simple proliferative or cystic endometrial hyperplasia, 
there is limited spontaneous shedding of endometrial cells, except during episodes of bleeding. 
In routine cytologic preparations, the cells shed from hyperplastic endometrial glands 
resemble normal endometrial cells in size and appearance. Rarely, there is slight nuclear 
enlargement and hyperchromasia and small nucleoli can be visualized (see Fig. 10-18A,B). In 
several personally observed premenopausal patients who did not wear lUDs, the possibility 
of endometrial hyperplasia could be suggested because of the presence of morphologically 
normal endometrial cells past the 12th day of the cycle. 
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In postmenopausal patients, the finding of endometrial cells in routine smears may 
indicate either a hyperplasia or a carcinoma, and the cytologic diagnosis of 
hyperplasia should not be attempted. All such patients should be investigated by biopsy or 
curettage. 

Atypical Hyperplasia 

The cells shed from atypical endometrial hyperplasia cannot be differentiated from cells 
of a well-differentiated endometrioid carcinoma, described above. In several such 
personally observed cases, the diagnosis of atypical hyperplasia was established in histologic 
material and could be, as always, a matter for some dispute (Fig. 13-18C,D). 

These observations were confirmed by Ng, Reagan, and Cechner (1973) who studied the cell 
patterns and features of endometrial cells in endocervical aspiration smears of 116 women with 
various forms of endometrial hyperplasia and 
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endometrial carcinoma in situ, as defined by Hertig et al (1949), and observed that the 
degree of cytologic abnormality was related to the severity of histologic abnormality. 




Figure 13-17 Villoglandular and clear cell carcinomas. A Alarge papillary cluster of 
well-differentiated endometrial cancer cells with large nucleoli. B. In the tissue section 
corresponding to A, the typical villoglandular pattern of an endometrial cancer. C. Papillary 
clusters of large cells with clear cytoplasm, large nuclei, and nucleoli, corresponding to the 
tissue section of a clear cell endometrial carcinoma shown in D. 



Endometrial Lesions in Endocervical Brush Specimens 

Although the endocervical brushes were not designed to sample the endometrium, vigorous 
brushing may reach the lower segements of the uterine cavity. As has been discussed in 
Chapter 8, benign endometrial cells may be found in such samples and constitute a known 
source of diagnostic error. Occasionally, however, the endocervical sample contains 
evidence of an endometrial lesion. An example of markedly atypical endometrial hyperplasia 
discovered in an endocervical brush specimen is shown in Figure 13-19. 



TABLE 13-1 ENDOMETRIAL ADENOCARCINOMA IN SYMPTOMATIC PATIENTS: 

VAGINAL SMEARS ONLY 

Total Cases Positive No Diagnosable Cancer 



63(100%) 40(63.5%)* 23(37.1%) 
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In 8 cases, cytology contributed significantly to speedy diagnosis. (Koss LG, Durfee 
GR. Cytologic diagnosis of endometrial carcinoma. Result of ten years of experience. 
Acta Cytol 6:519-531, 1962.) 



CYTOLOGY OF DIRECT ENDOMETRIAL SAMPLES 

Instruments 

Over the years, many instruments have been introduced for purposes of direct endometrial 
sampling. Some of the 
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instruments were to replace an endometrial biopsy or even curettage in symptomatic or "high- 
risk” patients. Other instruments were proposed as “screening” tools for the detection of occult 
carcinoma or hyperplasia. The goal of all these instruments was to secure an adequate sample 
of the endometrium, without causing much discomfort to the patient. 




Figure 13-18 Endometrial hyperplasia and Hertig's carcinoma in situ. A A cluster of 
small endometrial cells corresponding to cystic hyperplasia shown in B. C. A cluster of 
abnormal endometrial cells, one with large nucleus, corresponding to the classical Hertig's 
carcinoma in situ shown in D. The cells in A are benign in configuration. The cells in C 
could be classified as endometrial carcinoma. 



The first such device, with which the writer had personal experience, was a simple endometrial 
aspiration cannula, introduced by the late Dr. Michael Jordan in the 1950s. The cannula was 
used as an office instrument on high-risk patients and led to the discovery of a number of occult 
endometrial hyperplasias and carcinomas (Jordan et al, 1956; also see below). Numerous 
sampling instruments were subsequently introduced, among them the endometrial brush 
(Johnsson and Stormby, 1968), Gravlee's negative-pressure jet wash (Gravlee, 1969), an 
endometrial “pistol” (Bouchardy et al, 1987), Mendhosa cannula (Jimenez-Ayala et al, 1975), 
Matsubuchi apparatus (Inoue et al, 1983) and others, listed in the bibliography. Two 
instruments, Isaacs' endometrial sampler and Mi-Mark cannula, were used by us in a large 
study of endometrial cancer detection in asymptomatic women (Koss et al, 1981 , 1984). More 
recently, a number of thin, plastic sampling instruments were introduced, the Endopap Sampler 
(Bistoletti et al, 1988) and the Tao brush (Tao, 1993; Maksemand Knesel, 1995; Maksem, 
2000). The instruments cause less discomfort to the patients. A number of newer small biopsy 
devices are currently on the market (for a detailed discussion of these devices see Mishell and 
Kaunitz, 1998) and appear to give satisfactory results with only a moderate degree of 
discomfort to the patients. 
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The initial testing of all these instruments was usually performed on symptomatic women, prior 
to endometrial biopsy or curettage. Not surprisingly, the initial reports usually presented the 
performance of the instrument in glowing terms, often claiming an accuracy of 100% or close to 
it, in the diagnosis of endometrial cancer and hyperplasia. On subsequent scrutiny, however, 
the performance was usually less successful and many of these instruments are no longer 
produced. The key issue, namely the discovery of asymptomatic endometrial cancer, was rarely 
addressed. 

As an example, we had considerable experience with the Gravlee Jet Wash. The ingeneous 
instrument was designed to obtain endometrial samples by washing the endometrium with a 
stream of normal saline, under negative pressure that prevented the fluid from entering the 
fallopian tubes or the peritoneal cavity (Kanbour et al, 1974). The fluid, containing endometrial 
fragments and cells, was centrifuged; the button was embedded in paraffin for histologic 
processing; 
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and the supernatant was examined by cytologic techniques. Initially, very high accuracy in the 
diagnosis of endometrial carcinoma was recorded by So-Bosita et al (1970), Bibbo et al (1974), 
and Lukeman (1974). However, when this technique was applied to a group of 303 unselected 
consecutive patients by Rodriques et al (1974), there was a substantial failure rate in the 
diagnosis of endometrial carcinoma (4 out of 8 cases) and an even higher failure rate for 
various forms of endometrial hyperplasia. Only advanced, symptomatic endometrial cancers 
with friable tissue could be diagnosed by this method. The jet of saline was apparently unable 
to remove sufficient diagnostic material from cohesive target tissue. To our knowledge, the 
cumbersome method is no longer used. 




Figure 13-19 Atypical endometrial hyperplasia recognized in an endocervical brush 
specimen. A,B. Clusters of endometrial cells with markedly enlarged nuclei and nucleoli. 
The original diagnosis on the smear was that of an endometrial carcinoma. C,D. The tissue 
lesion corresponding to the cytology shown in A and B shows markedly atypical 
hyperplastic glands (complex hyperplasia). There was no conclusive evidence of 
endometrial carcinoma. 



The processing of the endometrial samples can be performed either by direct endometrial 
smears, by the cell block technique, or by a combination of the two methods. Maksem and 
Knesel (1995) advocated the collection of the endometrial samples in a liquid fixative 
(CytoRich Fixative System, TriPath Inc) and processing of the sediment in a Hettich 
cytocentrifuge. 

The direct endometrial smears are much easier and faster to prepare than cell blocks but 

more difficult to interpret. The interpretation of the tissue patterns in cell blocks or 
microbiopsies is much easier, although the preparation is time-consuming. 



764 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic'Efes§&p5ferEtilve Disorders and Carcinoma of the Endometrium 



We had extensive experience with the cell block technique, beginning in the 1960s, when the 
late Dr. Virginia Pierce and this writer conceived of a histologic method of investigation of the 
endometrium. The procedure, based on a simple suction-aspiration of the endometrium 
via a cannula, was well tolerated by patients, and resulted in small tissue fragments processed 
by the cell block technique. The method, applied to several hundred patients, gave excellent 
quality of preparations, was very rapid, and resulted in a number of important, sometimes 
unsuspected diagnoses. 

The Mi-Mark and Isaacs instruments were used in the search for occult carcinoma in a large 
cohort of asymptomatic women (see below). A combination of direct smears and cell 
blocks was used. The procedure was as follows: after preparation of a direct smear, the 
material still attached to the sampler was first carefully retrieved with a thin forceps; additional 
fragments were retrieved by shaking and washing the instrument in Bouin's fixative, prior to 
processing as cell blocks. Bouin's fixative was selected as offering the optimal preservation of 
the tissue fragments. Multiple sections of the cell block must be examined. The combination of 
the two procedures, admittedly time-consuming and costly, gave satisfactory results. Adiagram 
of the procedure is shown in Figure 13-20. 

P.448 




Interpretation 
Adequacy of Samples 

Except in women with complete atrophy of the endometrium (usually past the age of 55), the 
smears should contain at least five or six clusters of endometrial epithelial cells to be judged 
adequate. 
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Composition of Smears 

The summary of cytologic findings that follows is a composite of the early experience with 
several hundred samples obtained with Jordan's cannula prior to 1970 and on data from over 
4,000 direct endometrial smears examined in the 1980s during the search for occult endometrial 
carcinoma and hyperplasia, described below. Some material, processed by liquid fixation in 
CytoRich and centrifugation, graciously made available by Dr. John Maksemfrom Mercy 
Hospital Medical Center, Des Moines, Iowa, was also included in the review. The analysis of 
direct endometrial samples is facilitated by accurate clinical information, including the age 
of the patient, obstetrical and menstrual history and clinical symptoms, if any. 

Key Features 

The interpretation of the microscopic findings requires knowledge of the many aspects of 
benign endometrial cytology and sources of error. 

The key features that should be investigated are: 

■ Number and cellular make-up of epithelial clusters 

■ Cohesiveness of epithelial cell clusters 

■ Nuclear abnormalities, mainly enlargement and the presence of readily visible nucleoli 
in endometrial epithelial cells 

Cycling Endometrium 

Except in the presence of marked inflammation or a necrotic carcinoma, the smears usually 
have a clean background. Blood is invariably present, unless eliminated by processing. In 
menstruating women, the endometrial samples usually contain numerous clusters of 
epithelial and stromal cells. 

Benign epithelial glandular cells, derived from the superficial layers of the endometrial lining 
and adjacent glands, appear mainly as flat, cohesive “honeycomb” type of sheets, 
wherein cell borders can be clearly seen, or as three-dimensional, tubular structures, 
reflecting endometrial glands (Fig. 13-21A.B). In the flat clusters, the nuclei, measuring 
about 7 to 8 pm in diameter, comparable in size to the nuclei of parabasal squamous 
cells, are open (vesicular) and sometimes faintly granular. The appearance of the 
epithelial cells and their nuclei varies somewhat with the phase of the menstrual cycle. 

In the proliferative phase, the epithelial cells have scanty, basophilic cytoplasm. There is 
some variability of nuclear sizes, accounted for by various stages of cell cycle in proliferating 
cells. Tiny, single nucleoli and occasional mitotic figures can be observed (Fig. 1 3-21 B). In 
some cases, there is a breakdown of clusters, probably an artifact of smear preparation: in 
the dispersed cells, the variability of nuclear sizes can be better appreciated. Exceptionally, 
ciliated glandular cells can be observed. Their provenance from the endometrium or the 
endocervix cannot be ascertained. 
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Figure 13-21 Normal endometrium in direct endometrial samples. A Normal 
endometrial tubular glands. B. A sheet of endometrial cells in proliferative phase. The cells 
form a cohesive cluster wherein mitoses may be noted {arrow). C. Loosely structured 
cluster of endometrial cells with vacuolated cytoplasm, corresponding to the secretory 
phase. D. Atrophic endometrium. The sheet of endometrial cells shows spacing between 
nuclei, characteristic of atrophy. 



In the early secretory phase, the epithelial cells are usually larger because of increased 
volume of cytoplasm that is often vacuolated. At the edge of cell clusters, columnar cells with 
clear cytoplasm may be observed (Fig. 13-21C). Similar features may be observed in dispersed 
cells. The nuclei are usually monotonous in size and do not show either nucleoli or mitotic 
activity. In late secretory endometrium, the endometrial cells usually occur in thick clusters, 
sometimes in tubular or glandular configuration. At the periphery of the clusters, columnar 
epithelial cells with clear cytoplasm may resemble endocervical cells. 

Endometrial Stromal Cells 

In menstruating women, regardless of the stage of cell cycle, or in proliferating endometrium 
from whatever cause, the stromal cells appear in the background as numerous, small, 
spindly “naked” nuclei, sometimes surrounded by a very narrow rim of cytoplasm. In late 
secretory endometrium or under the influence of hormones, the stromal cells may become 
larger, with a more abundant cytoplasm, reflecting decidual changes that may occur 
under such circumstances. Tao (1995) reported that the configuration of stromal cells is helpful 
in assessing the stage of the menstrual cycle but, in my experience, this feature is difficult to 
assess. 

Timing of Ovulation 

Although differences could be observed between proliferative and secretory endometria, it has 
been our judgment that direct endometrial cytologic samples are not the proper tool for timing 
of ovulation. Endometrial biopsies, study of endocervical mucus, body temperature, and 
hormonal determination, as described in Chapter 9, are easier to interpret and better-suited 
methods for this purpose. It must be mentioned that Tao (1995) reported adequate results of 
endometrial dating, using his instrument, the Tao brush. 

Atrophic Endometrium 

In postmenopausal women with endometrial atrophy, the number of clusters of 
epithelial cells is small, sometimes limited to three or four small clusters. In smears of this 
type, the endometrial epithelial cells usually form flat, well-spread clusters, wherein the cells 
show a distinct honeycomb-type arrangement. The epithelial cells and their nuclei are generally 
smaller than those in the proliferative or secretory endometrium (Fig. 13-21D). The stromal 
cells are sparse. Mono- and multinucleated macrophages are occasionally observed in 
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such smears (see Chap. 8). Changes in the cytologic pattern in this group of women should 
always suggest the possibility of a neoplastic disorder and warrant careful scrutiny of such 
material (see below). 
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Endometrial Adenocarcinoma 

The diagnosis of endometrial carcinoma in direct endometrial samples can be established by 
the presence of enlarged endometrial epithelial (glandular) cells with enlarged nuclei, 
wherein reside clearly visible large, usually single, nucleoli. The cytoplasm is usually 
scanty, basophilic, and sometimes vacuolated. The cancer cells may be dispersed and occur 
singly or may form clusters, that are either flat or multilayered, the latter of papillary 
configuration. The flat clusters are usually loosely structured, sometimes forming 
“rosettes,” often with detached cancer cells at their periphery. The multilayered 
clusters appear as dark, oval, spherical or irregular structures that are, per se, 
abnormal, even if their cellular make-up may be difficult to study, except at their periphery. By 
comparing cytologic findings with endometrial tissue samples, it could be documented that 
similar cells are found in the lumens of cancerous glands (Figs. 13-22, 13-23 and 13-24). 

Nuclear Abnormalities 

As mentioned above, the most conspicuous nuclear changes are nuclear enlargement, 
hyperchromasia, and the presence of large nucleoli. In some cases, however, there is the 
absence of nuclear hyperchromasia, resulting in granular, pale nuclei with visible 
nucleoli, that stand out as pink dots that vary in size and configuration, ranging from 
small and spherical to large and irregular, the latter usually seen in high grade cancers 
(Fig. 13-22B). 







Figure 13-22 Occult endometrial carcinoma diagnosed on direct endometrial 
sample. A Acluster of malignant endometrial cells showing large nuclei and prominent, 
irregular nucleoli. B. Acluster of endometrial, glandular cells showing marked granularity of 
the nuclei and the presence of small nucleoli. C. The endometrium showed a low-grade 
endometrial carcinoma which focally contained nests of large macrophages shown in D. 



In high grade carcinomas, the nuclear abnormalities are conspicuous (Fig. 13-24). However, 
during the extensive search for occult endometrial carcinoma, it became evident that, in some 
cases of endometrial cancer, the nuclear enlargement is only slight and the nucleoli 
are small (Fig. 13-23C.D). Yet, subsequent histologic evidence has shown that all or nearly all 
of the minimally abnormal cells had to be derived from cancerous endometrium that was lining 
the entire surface of the endometrial cavity. 
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Nuclear Grading 

In 1995, Zaino et al introduced the concept of nuclear grading as a prognostic factor in 
endometrioid adenocarcinoma. Small, spherical nuclei were graded as I, whereas large, 
irregularly shaped nuclei with large nucleoli were graded III, grade II being intermediate between 
the two. Maksem (2000) applied the system to direct endometrial samples. However, the results 
of the study were not completely convincing because high grade nuclear abnormalities were 
occasionally observed in the absence of documented 
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cancer, possibly representing small foci of endometrial atypia that escaped histologic scrutiny. 

The clinical significance of Maksem's observations is unknown at this time. 




Figure 13-23 Occult endometrial adenocarcinomas discovered on direct sampling. 

A A papillary cluster of endometrial cancer cells with enlarged nuclei, visible nucleoli, and 
vacuolated cytoplasm. Next to this cluster, there is a sheet of spindly endometrial stromal 
cells. Note the difference in nuclear sizes. B. Well-differentiated endometrial 
adenocarcinoma corresponding to A C. A cluster of inconspicuous endometrial cancer 
cells showing only slight deviation from normal. The nuclei are somewhat enlarged and 
granular, containing tiny nucleoli. D. Section of well-differentiated endometrial carcinoma 
corresponding to C. 



Unusual Findings 

Occasionally, the endometrial cancer cells are mixed with atypical squamous cells, 

leading to a diagnosis of an adenoacanthoma. In such cases, it is important to rule out a 
cervical lesion of a similar cellular make-up (see Chap. 1 1 ). Unusual findings include ciliated 
carcinoma and endometrial intraepithelial carcinoma, both described by Maksem (1997, 
1998). Infiltration of cancer cells by polymorphonuclear leukocytes may be conspicuous (see 
Figs. 13-24C and 13-27C). 

Diagnosis of Endometrial Carcinoma in Various Age Groups 
In menstruating women, the diagnosis of endometrial carcinoma in direct endometrial 
samples is difficult because the evidence may be scanty and may be obscured by a large 
number of clusters of benign endometrial epithelial cells. 

The diagnosis is easier in postmenopausal women. Endometrial cancer cells, singly or 
in clusters, as described above, are much easier to recognize against the sparse cellular 
background. In the extensive search for occult endometrial carcinoma (see below), it became 
evident that the mere presence of abundant clusters or sheets of endometrial cells in a 
postmenopausal woman was an important warning sign of possible pathologic 
changes, even in the absence of conspicuous nuclear abnormalities. 
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Endometrial Hyperplasia 

The recognition of endometrial hyperplasia in direct endometrial smears is fraught with difficulty. 

This was recognized already during the early experience with Jordan's cannula and enhanced 
still further during the search for endometrial abnormalities in asymptomatic women. As a 
general rule, the endometrial samples in hyperplasia are rich in cells and cell clusters. This 
finding is significant only in postmenopausal women in whom, in my experience, 
hyperplasia is a relatively uncommon finding and cannot be differentiated from a 
carcinoma. 

It is virtually impossible to establish the diagnosis of proliferative, simple hyperplasia in 
endometrial samples. The 
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pattern of smears is that of benign endometrium, occasionally with a slight nuclear enlargement 
and some evidence of mitotic activity in epithelial cells. The recognition of atypical 
hyperplasia is almost equally difficult in either premenopausal or postmenopausal patients. 

The only finding of note, observed several times in the large endometrial study, was cohesive 
sheets of epithelial endometrial cells with moderately enlarged nucleoli (Fig. 13-25A,B). 

The differentiation of such clusters from a well-differentiated carcinoma (or endometrial 
polyps that may have an identical presentation) is impossible on cytologic grounds alone. The 
difficulty persists, even if the cytologic samples are supplemented by cell blocks. Occasionally, 
the diagnosis cannot be proved, either on biopsies or curettages, even after extensive follow- 
up (Fig. 13-25C,D). Such findings may represent transient or tiny abnormalities of the 
endometrium. 




Figure 13-24 Occult serous endometrial adenocarcinoma diagnosed in direct 
endometrial sample. A,B. Large clusters of endometrial cancer cells with markedly 
enlarged nuclei and prominent nucleoli. C. Cancer cells with cytoplasm densely infiltrated 
by polyps. D. Fragment of endometrial papillary serous carcinoma corresponding to A-C. 



Our difficulties with the diagnosis of endometrial hyperplasia are by no means unique. Thus, 
Meisels and Jolicoeur (1985), using a device known as the “Endo-pap” endometrial sampler, 
diagnosed only one half of 207 cases of hyperplasia using a number of complex criteria. 
Unfortunately, their paper failed to address the issues of type of hyperplasia and the clinical 
setting in which the diagnosis was established (symptoms and age of patients). In a large 
review of endometrial cytology, Mencaglia (1987) also admitted a large number of failures in the 
cytologic diagnosis of hyperplasia. 

Sources of Error in Direct Endometrial Samples: Endocervicai Cells vs. 
Endometrial Cells 

The most important source of diagnostic difficulty in direct endometrial samples is the 
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separation of endometrial from endocervical cells. In our own studies, numerous 
endometrial biopsies were obtained, based on a mistaken belief that the atypical endocervical 
cells represented an endometrial lesion. In general, the endocervical cells are larger and 
have more abundant, sharply demarcated cytoplasm than endometrial cells. A nuclear 
protrusion (nipple) often found in endocervical cells at midcycle (see Chap. 8) has not been 
observed by us in endometrial cancer cells although such changes may be observed in normal 
endometrium. 

The difficulties are compounded if the endocervical cells in the endometrial samples 
show abnormalities such as large nucleoli that may be present in acute or chronic 
cervicitis and in florid metaplasia or repair. The latter may be caused by an endometrial or 
endocervical polyp and may be readily confused with endometrial carcinomas. Occasionally, 
chronic cervicitis with papillary configuration of epithelium (papillary endocervicitis) 
may shed cell fragments mimicking papillary endometrial carcinoma (Fig. 13-26). Another 
feature of 
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endocervical cells, namely the presence of occasional enlarged, hyperchromatic nuclei 
(karyomegaly), such as observed in the presence of CIN or endocervical 
adenocarcinoma (see Chaps. 11 and 12), may also be mistaken for an endometrial process. 




Figure 13-25 Endometrial hyperplasia in direct samples. A A cluster of endometrial 
cells with large nuclei and prominent nucleoli in a 53-year-old woman. These cells mimic 
endometrial cancer cells. B. Fragment of endometrial curettage corresponding to ( A ) 
showing slight atypia of endometrial glands. C. Markedly atypical clusters of endometrial 
cells, some showing large nuclei and prominent nucleoli. Extensive investigation of the 
endometrium failed to reveal any evidence of carcinoma or hyperplasia, except for the 
papillary lesion shown in D. 



OCCULT ENDOMETRIAL CARCINOMA 

As yet, no method of screening for endometrial carcinoma has been devised, combining the 
ease of application with low cost and high reliability, comparable to the cytologic screening for 
precancerous lesions of the uterine cervix. Routine cytologic examination of vaginal pool 
smears, as originally advocated by Papanicolaou, serves a very useful purpose in this regard 
as discussed below. Regrettably, the method has been abandoned as a routine procedure 
because its efficiency in the diagnosis of cervical lesions is low. It must be stressed that routine 
cervical smears are essentially useless for endometrial cancer detection, except in the 
rare cases of fully developed cancers in asymptomatic women, usually because of stenosis of 
the cervical canal. As has been stated above, endocervical brush specimens may 
occasionally provide evidence of an endometrial lesion. 
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Vaginal Pool Smears 

The vaginal pool smears, obtained by a glass pipette or another instrument, are very 
easy to obtain with no discomfort to the patients. In our judgment, a properly obtained and 
fixed vaginal smear should be part of every gynecologic examination in all women 
past the age of 50 and in those younger women whose history or symptomatology 
may suggest an endometrial abnormality. The search for asymptomatic endometrial 
carcinoma is facilitated in vaginal smears if the following categories of patients are scrutinized 
with particular care: 

■ Smears of postmenopausal patients with high maturation of squamous cells of unexplained 
etiology 

■ Smears of any patient in the fifth decade of life or older who has a history of abnormal 
bleeding or staining, or microscopic evidence thereof 

■ Smears displaying evidence of marked necrosis and containing macrophages in menopausal 
or postmenopausal patients. It must be stressed, once again, that the presence 
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of macrophages in cervical smears has no bearing on the status of the 
endometrium. 




Figure 13-26 Clusters of endocervical cells from a case of papillary cervicitis, 
mimicking endometrial carcinoma. A,B. Adense cluster of glandular cells (/l) which, on 
close inspection (5), shows columnar cells at the periphery. C. The corresponding tissue 
lesion showing papillary cervicitis. 



The cytologic presentation of asymptomatic endometrial carcinoma is usually inconspicuous 
and calls for a systematic, often tedious and time-consuming search of the vaginal smear for 

endometrial cells, regardless of morphologicappearance. The background of vaginal 
smears is sometimes free of blood and debris. More commonly, fresh blood and/or amorphous, 
yellow-orange (in Papanicolaou stain) areas of old fibrinated blood may be observed. There is 
frequently excellent maturation of squamous cells, regardless of menopausal status or 
time of cycle. 

The endometrial cancer cells in asymptomatic endometrial carcinoma in vaginal smears are 
usually small, inconspicuous, and sometimes only slightly larger than normal 
endometrial cells (Fig. 13-27). There are three cytoplasmic features that may assist in the 
identification of such cells: 

■ Columnar shape of small endometrial cells is observed in lesions of the lower uterine 
segment, although most such cells are approximately spherical or cuboidal 

■ The presence of cytoplasmic vacuoles 
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■ The infiltration of the cytoplasm by polymorphonuclear leukocytes. This feature is not 
specific and may also be observed in degenerating, mucus-producing benign cells of either 
endocervical or endometrial origin, but it should trigger further investigation. 

The nuclei of the small endometrial cancer cells are larger than the nuclei of the 
parabasal or intermediate squamous cells usually present in the field. They are generally 
finely granular and provided with conspicuous, although not necessarily very large single 
nucleoli. Rarely, the nuclei are hyperchromatic and provided with large nucleoli, usually 
reflecting the presence of a high grade tumor. Inadequate clinical follow-up of such patients 
may result in advanced cancer diagnosed at a later date. 

The endometrial cancer cells are easier to identify when occurring in clusters that are usually 
small and rarely made up of more than a dozen cells. The clusters may be flat, sometimes 
forming small rosette-like structures, or are multilayered, irregular or papillary in 
configuration. The cells in clusters are usually round or oval, have a clear, sometimes 
vacuolated cytoplasm, and relatively large, opaque, finely granular or somewhat 
hyperchromatic nuclei and often small nucleoli. Sometimes, the manner of cluster 
formation of endometrial cancer cells closely resembles normal endometrium. 

It must be emphasized that, in early endometrial carcinoma, the shedding of cancer cells 
may be intermittent and that a negative smear may immediately follow a positive smear and 
vice versa. Thus, it is important to insist on further clarification of any abnormal 
cytologic finding, by endometrial biopsy or curettage, risking at times a false alarm. It is 

equally important to insist on long-term follow-up if histologic confirmation of carcinoma 
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is not immediately forthcoming (Fig. 13-27). Special care must be exercised in patients 
with stenosis of the endocervical canal in whom an endometrial biopsy may be 
difficult or impossible to obtain as an office procedure. 
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Figure 13-27 Occult endometrial adenocarcinoma diagnosed in vaginal pool 
smears 4 years before histologic diagnosis. A-C. Various aspects of endometrial 
cancer cells forming clusters ( A ), dispersed ( B ), and cells with the cytoplasm densely 
infiltrated by neutrophiles in C. D. The corresponding well-differentiated endometrial 
carcinoma observed 5 years after the cytologic diagnosis of carcinoma. 



Results 

Table 13-2 summarizes the relationship of clinical symptomatology to histologic lesions in 102 
cases of endometrial adenocarcinoma reported by Koss and Durfee in 1962. The diagnosis in 
all of the 22 asymptomatic patients and in 17 patients with slight symptoms (such as brownish 
discharge or history of spotting but no frank bleeding), a total of 39 cases, was made by 
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vaginal pool smear cytology and subsequently confirmed by histology. In this study, 12 of the 
22 patients with asymptomatic endometrial carcinoma were still menstruating; their average age 
was 6 years less than that of fully symptomatic patients. The latter findings are summarized in 
Table 13-3. It may be noted that not all of the patients with early lesions were asymptomatic and 
not all of the patients with advanced lesions were symptomatic. Among the asymptomatic 
patients there were also several invasive endometrioid cancers. It must be noted that, in three 
patients, a major delay in clinical diagnosis occurred. At the time of histologic diagnosis, 
advanced carcinoma was present (see Fig. 13-27). This experience, repeatedly confirmed since 
the publication of this paper, points out that the evolution of endometrial carcinoma is slow in 
many cases, offering ample opportunity to diagnose the disease in its early stages. 

Endometrial Minibiopsies (Cell Block Technique) 

The method of endometrial investigation that was conceived in the 1960s by Dr. Virginia Pierce 
and this writer to supplement or replace vaginal smears was briefly described above. The 
procedure, based on a simple suction-aspiration of the endometrium via a small caliber metal 
cannula attached to a syringe, was inexpensive and reasonably well tolerated by the patients. 

The tiny tissue fragments were processed by the cell block technique. The method, applied to 
several hundred patients, gave excellent quality of preparations, was rapid, and resulted in a 
number of important, sometimes unsuspected diagnoses of endometrial carcinoma (Fig. 31-28). 

The procedure was not tested on asymptomatic women and, therefore, its value as a detection 
method of occult endometrial carcinoma is unknown. 
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Figure 13-28 Microbiopsies of endometrium obtained by the Pierce method 
described in text. A Somewhat atypical proliferative endometrium. B. Decidual reaction in 
endometrial stroma (the effect of contraceptive hormones). C,D. Unsuspected endometrial 
adenocarcinoma. 



SYSTEMATIC SEARCH FOR ENDOMETRIAL CARCINOMAAND HYPERPLASIA IN 
ASYMPTOMATIC WOMEN 

Under a contract with the National Cancer Institute, USA, a major program of endometrial 
cancer detection was undertaken by the writer and his colleagues between January 1979 and 
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June 1982 (Koss et al, 1981, 1984). The purposes of the program were as follows: 

■ To determine by direct endometrial sampling and conventional cytologic methods whether 
occult endometrial carcinoma is a detectable disease in asymptomatic women age 45 and 
above 

■ To identify the optimal methods of screening for occult endometrial carcinoma 

■ To determine the prevalence and incidence of occult endometrial carcinoma and hyperplasia 
and the relationship of these entities to each other 

■ To identify, by epidemiologic study, high-risk groups to facilitate future screening efforts 

The patients were recruited to this study by advertising, visits to local churches and temples, 
and talks to groups of women. The services were offered free of charge. The conditions of 
acceptance to the project were age 45 or older, intact uterus, no history or evidence of 
abnormal vaginal bleeding or spotting, and the willingness to sign an informed consent after 
explanation of the procedure. To satisfy the epidemiologic aspects of this study, a detailed 
questionnaire, pertaining to the pertinent medical history, was obtained on each examinee by a 
trained social worker. Each woman's weight, height, and blood pressure were measured before 
gynecologic examination and breast palpation, also a part of the services offered to the 
volunteers. 

In all, 2,586 women were enrolled in the study, each receiving a full initial examination; of these, 

1,567 women were examined for a second time 1 year later, and 187 were screened for a third 
time, two years after the initial examination. 
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The age distribution of the primary examinees and the returnees is shown in Table 13-4. It may 
be noted that the cohort included 2.3% of women between the ages of 40 and 45 who could not 
be excluded from the study for social reasons. 



TABLE 13-2 HISTOLOGIC LESIONS IN CARCINOMA OF THE ENDOMETRIUM 







Adenocarcinoma 
with Only 
Superficial 
Invasion of 
Myometrium 




Radiation Prior to 
Hysterectomy 


Diagnosis 

on 

Biopsy, 

Curettage, 

or 

Submitted 
Slide Only 




In Situ 

Adenocarcinoma 


Advanced 

Adenocarcinoma 


No 

Residual Residual 
Cancer Cancer 


Asymptomatic 
(22 cases) 
100% 


7 (31 .8%) 


5 


* 

2 


3 


2 


3 


Slight 
symptoms 
(17 cases)! 
100% 


2 (12%) 


4 


4t 


3 


1 


3 


Symptomatic 
(63 cases) 
100% 


4 (0.6%)§ 


16 


26 


3 


3 


11 



Histologic diagnosis and treatment delayed 4 years in 1 case, 
t Carcinoma suspected clinically in 5 cases only. 

t Histologic diagnosis and treatment delayed 5 years in 1 case. Os stenosed in second case. 
§ In 2 cases also polyps and hyperplasia. 
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(Koss LG, Durfee GR. Cytologic diagnosis of endometrial carcinoma. Result of ten years of experience. Acta Cytol 
6:519-531, 1962.) 



At the time of the initiation of this project, there were two promising commercially available 
endometrial sampling devices: the Mi-Mark and the Isaacs’ instruments. The Mi-Mark, invented 
by Milan and Markley, was a two-part plastic instrument, comprising a uterine sound and a 
helical sampling spatula, 3.5 mm in diameter. The Isaacs’ instrument consisted of a malleable, 
perforated metal suction cannula, 2 mm in diameter, provided with an adjustable cervical 
obturator and attached to a syringe. The instruments were assigned by a computer program to 
insure random distribution. Either instrument could be introduced into the uterine cavity of about 
93% of asymptomatic examinees without anesthesia, although the success rate was somewhat 
higher and the level of discomfort less with the Isaacs' instrument because of its smaller 
diameter. The method of processing by direct smears and by cell blocks is shown in Figure 13- 
20. Besides the direct endometrial sampling, each woman received a lateral scrape smear of 
the vaginal wall (to determine the level of maturation of squamous cells), a vaginal pool smear, 
and a cervical scrape and cotton swab smears. An endocervical aspiration smear, obtained by 
means of a commercially available device, proved quite useless and was discontinued after the 
first 1,000 examinations. 



TABLE 13-3 AVERAGE AGE OF PATIENTS WITH ENDOMETRIAL CARCINOMAS 

Asymptomatic (22 Slight Symptoms (17 Symptomatic Patients (63 
patients) patients) patients) 



52.0 years 56.5 years 58.1 years 



(Koss LG, Durfee GR. Cytologic diagnosis of endometrial carcinoma: Result of ten 
years of experience. Acta Cytol 6:519-531, 1962.) 



The study yielded a number of important observations, summarized in several prior publications 
(Koss et al, 1981 , 1984). The study has, so far, been unique, has not been duplicated, and may 
serve as a model for future studies of this type. For this reason, the key results of this study are 
reported. 

Age at Onset of Menopause 

There were 2,061 postmenopausal women enrolled in the study. As shown in Table 13-5, the 
study revealed that the normal American woman may menstruate to the age of 55 years. 

Asmall group of women is apparently capable of normal menstruation to the age of 59 (3% of 
the sample). There was epidemiologic evidence that the late menstruating women were at an 
increased risk for endometrial carcinoma (see below). The same table also shows other data of 
significance in the epidemiologic study (see below). 

Occult Endometrial Carcinoma 

Table 13-6 shows the prevalence and incidence of endometrial carcinomas in this cohort of 
women. The prevalence was defined as all cancers diagnosed on the first screening or 
coming to light within one year after the first screening. The incidence, expressed in women 
years, included all cancers 
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diagnosed on the second or third screening or coming to light thereafter. The term, women- 
years, indicates the likelihood of developing a disease process calculated per 1,000 years of 
women's life, following an episode, in this case, 1 year after the first screening. 
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TABLE 13-4 AGE DISTRIBUTION OF 2,586 PRIMARY EXAMINEES AND 1,567 

RETURNEES 





Primary Examinees 


Returnees 




Age 


Number of 
Patients 


Percentage of 
Sample 


Number of 
Patients 


Percentage of 
Samples 


40- 

44 


61 


2.36 


8 




0.51 


45- 

49 


532 


20.57 


277 




17.68 


50- 

54 


574 


22.19 


384 




24.51 


55- 

59 


535 


20.69 


338 




21.57 


60- 

64 


388 


15.00 


229 




14.61 


65- 

69 


248 


9.59 


173 




11.04 


70- 

74 


167 


6.46 


101 




6.45 


75- 

79 


64 


2.47 


41 




2.62 


so- 

go 


17 


0.66 


16 




1.02 


Total 


2,586 


100.00 


1,567 




100.00 



(Koss LG, et al. Detection of endometrial carcinoma and hyperplasia in asymptomatic 
women. Obstet Gynecol 64:1-11, 1984.) 



There were 16 endometrial carcinomas discovered on first screening and two missed on 
screening and observed in women who became symptomatic within the 12 months following the 
first screening, for a prevalence rate of 7 in 1,000. Another carcinoma was diagnosed on the 
second screening; two additional cancers, missed on screening, were observed after the 
second screening in women who became symptomatic, for an incidence rate of 1.7 per 1,000 
women years. 



TABLE 13-5 EPIDEMIOLOGIC PROFILE OF 2,586 PRIMARY EXAMINEES 

No. of Women Pe rce ntage 

Age at Onset of Menopause 
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39 or younger 


43 


2.90 


40-44 


138 


6.70 


45-49 


788 


38.23 


50-55 


1,029 


49.93 


56-59 


62 


3.01 


Not recorded 


1 


0.05 


Total 


2,061 


100.00 


Other Data 






Nulliparityt 


204 


7.88 


Use of estrogen 


565 


21.84 


Use of contraceptives 


335 


12.95 


Hypertension 


538 


20.80 


Diabetes 


104 


4.02 


History of cancer 


115 


4.44 



Percentages for Other Data are of total population, 
t Remaining women had from one to six children. 

(Koss LG et al. Detection of endometrial carcinoma and hyperplasia in asymptomatic 
women. Obstet Gynecol 64:1-11, 1984.) 



Table 13-7 shows the pathologic findings in the 17 endometrial carcinomas discovered by 
screening. All cases were 
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in stage lAalthough, in four patients, there was deep invasion of the myometrium. 

TABLE 13-6 PREVALENCE AND INCIDENCE RATES OF HISTOLOGICALLY PROVEN 
ENDOMETRIAL CARCINOMAAND HYPERPLASIA 

Prevalence Incidence/Women Years 



No. of examinees 


2,586 


1,754* 


Occult carcinomas 


16f 


1 


Missed carcinomas 


2t 


2t 


Total carcinomas 


18 


3 



778 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic'E6s§^p5ferEtilve Disorders and Carcinoma of the Endometrium 



Rate per 1 ,000 women 6.96/1 ,000 

Hyperplasia 17 

Polyps with hyperplasia 4 

Total 21 

Rate per 1 ,000 women 8.12 



1.71/1,000 

3 

0 

3 

1.71/1,000 



Second and subsequent annual clinic visits. Additional follow-up through doctors' 
office was obtained in about 20 additional women. 

t One patient was diagnosed on second screening. On review the original material 
was suspicious. 

$ See text. 

(Koss LG, et al. Detection of endometrial carcinoma and hyperplasia in asymptomatic 
women. Obstet Gynecol 64:1-11, 1984.) 



TABLE 13-7 PATHOLOGIC FINDINGS IN 17 PATIENTS* WITH OCCULT CARCINOMA 

OF ENDOMETRIUM 

Uterus of normal size 14 Myometrial invasion 

Enlarged 2 None 5 

Size unknown 1 

(radiotherapy only) 



Superficialt 



17 



Deep 4 

Unknown (radiotherapy 5 

alone or before 
hysterectomy) 



Histologic type of tumor 

Adenocarcinoma (9), 

Adenoacanthoma (8) 

Grade 1 6 Accompanying hyperplasia 

Grade 2 8 Focal 5 

Grade 3 1 Extensive 1 1 

Too scanty to grade 2 



16 prevalence, 1 incidence. 

f One with carcinoma of left ovary, metastatic or primary. 
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$ On estrogen therapy of long duration. 

(Koss LG, et al. Detection of endometrial carcinoma and hyperplasia in asymptomatic 
women. Obstet Gynecol 64:1-11, 1984; with permission.) 



Occult Endometrial Hyperplasia 

As shown in Table 13-6, the rate of occult hyperplasias, including endometrial polyps, 
was approximately equal to the rate of occult carcinomas. There may be some minor bias 
in the study, inasmuch as symptomatic women (hence, possibly including those with 
hyperplasia) were excluded. However, no more than three women were excluded from the study 
and referred for further care because of a history of symptoms; thus the rate of endometrial 
hyperplasias was exceedingly low. On the assumption, based on studies of Gusberg and 
Kaplan (1963), that about 10% of hyperplasias become associated with cancer, the observed 
rate of hyperplasias was much below the expected rate, casting serious doubts on the 
relationship of hyperplasia to endometrial cancer. In the 12 hysterectomy specimens from 
patients with endometrial carcinoma, examined without prior radiotherapy (see Table 13-7), 
focal hyperplasia was present in five and extensive hyperplasia was found in only one uterus, in 
a woman receiving long-term estrogen therapy. In six uteri, there was no evidence of 
hyperplasia adjacent to carcinoma. 

Risk Factors 
Obesity 

Because obesity is classically considered a risk factor in endometrial carcinoma, the status of 
our examinees was determined by an index of obesity, known as the Quetelet index. This 
index takes into account, not only the weight, but also the height of the person, by a formula 
shown in Figure 13-29. The distribution of the Quetelet index and the distribution of 21 
endometrial carcinomas within the Quetelet groups are also shown in this figure, taking into 
account the history of estrogen therapy. It may be noted that endometrial carcinomas in 
women receiving estrogen therapy occurred more often in the group of slender 
women with low Quetelet indices; although the difference was below statistical significance, it 
showed an interesting trend, discussed above. 

Other Risk Factors 

Astatistical evaluation of risk factors in occult endometrial carcinoma, performed by Dr. Martin 
Lesser, is shown in Table 13-8. Among the several factors listed, only one, namely late onset 
of menopause, proved to be statistically valid. In other words, women whose menstrual activity 
ceases before the age of 50 appear to be protected from endometrial cancer. Diabetes, 
classically considered a risk factor for endometrial carcinoma, did not prove to be so in this 
study. Hormonal level, as determined by maturation of squamous cells in scrape smears of 
the lateral vaginal wall, was not helpful in this study. Contrary to the prior observations 
suggesting that a high level of maturation of squamous cells was a common event in the 
vaginal pool smears of patients with occult endometrial carcinoma (see above), this was not the 
case in this cohort of patients. The 17 postmenopausal patients with endometrial carcinoma 
had, for the most part, a pattern of postmenopausal atrophy. 

Thus, this study failed to reveal a specific high-risk group of women who should be selected for 
screening for occult endometrial cancer. Although menopause delayed past the 
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age of 50 appeared to be a risk factor, this event was observed in nearly 80% of our population 
(see Table 13-4). 
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Quetelet group 



No of Policnls Percent Cocinomo rote/grouc 




* weight (IBs) x IOO 
height^ ( inches) 



259 


10.40 


11.58/ 1000 


098 


34.62 


6.68/1000 


766 


29.70 


7.85/1000 


355 


13.76 


8.45/1000 


301 


11.66 


9.97/1000 



• * estrogens 
Os no estrogens 
questionable 
estrogen 



** data not available on 7 women 



Figure 13-29 Distribution of 21 occult endometrial carcinomas according to 
Quetelet (obesity) index, calculated for a screened population of 2,579 women 
(data on seven women were not available). 



The Performance of Sampling Methods in the Discovery of Occult 
Endometrial Carcinoma 

Direct endometrial smears, the cell blocks of direct endometrial samples, and the 
vaginal smears contributed to the discovery of 17 cases of occult endometrial 
carcinoma. Direct endometrial sampling proved to be the most efficacious part of the 
diagnostic system, having established the diagnosis in 16 cases. In one case, the endometrial 
smear alone was positive and, in one case, only the cell block. In the remaining 14 cases, both 
the endometrial smear and the cell block showed evidence of disease. In the 17th case, a 71- 
year-old woman with cervical stenosis preventing endometrial sampling, the vaginal 
pool smear was positive. This patient had a deeply infiltrating stage IA carcinoma. 

P.461 

It is of interest that, in four other patients, the vaginal pool smears also showed evidence of 
endometrial carcinoma. In all, 5 of the 17 occult carcinomas (or nearly one-third of the 
cases) could have been diagnosed by vaginal smear alone. 



TABLE 13-8 ASSESSMENT OF RISK FACTORS IN 2,579 WOMEN 




Factor 


No. of 
Women 


No. of 

Carcinomas 


Rate/1 ,000 


Odds 

Ratio 


P 

Value 


Race 












White 


2,031 


18 


8.8 ] 


1.65:1 


NS 


Nonwhite 


555 


3 


J 

5.4 






Parity 












Nulliparity 


204 


2 


9.8 ] 


1.07:1 


NS 


Parous 


2,382 


19 


J 

8.0 






Onset of 
menopause 
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<49 yr 


969 


5 5.1 




50-55 yr 


1,030 


14 13.5 


0.04 


56 yr 


62 


2 32.3 




Obesity 








Quetelet index 
> 3.4 


1,422 


12 8.4 


1.09:1 NS 


Quetelet index 
<3.4 


1,157 


9 7.7 




Quetelet index 
> 4.4 


301 


3 9.9 


1.26:1 NS 


Quetelet index 
<4.4 


2,278 


18 7.9 




Estrogen 








Yes 


565 


6 10.6 


1.31:1 NS 


No 


2,021 


15 7.4 




P value, Mantel-Haenszel test; for “onset of menopause’’ Mantel’s extension 
procedure. 

NS = not significant. Risk factors for diabetes and hypertension (not shown) were NS. 
(Koss LG, et al. Detection of endometrial carcinoma and hyperplasia in asymptomatic 
women. Obstet Gynecol 64:1-11, 1984; with permission.) 



Other Findings 

There were several unanticipated incidental findings in the study: there were two cases of 
ovarian carcinoma and one case of tubal carcinoma. One ovarian cancer was recognized 
in an endometrial smear and was initially mistaken for an endometrial carcinoma. The other 
ovarian cancer was observed in a vaginal pool smear. The tubal carcinoma was observed in the 
endometrial sampling and in the vaginal pool smear. 

There were also 22 cases of cervical intraepithelial neoplasia, including three classical 
carcinomas in situ recognized in the screened population, all suggesting that the 
postmenopausal women do not receive the proper gynecologic care that they deserve. There 
were also four mammary carcinomas identified by palpation of the breasts, a part of the 
examination offered in this study. 

It is our belief that the study offered new vistas on the need for care for the 
postmenopausal woman. It is regrettable that the study had to be discontinued after 4 years 
for lack of funding. 



Other Studies 

Currently, some attempts are in progress to perform endometrial sampling on asymptomatic 
women by the Tao brush (Maksem, 2000). The results of this study, conducted on 1 1 3 
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patients, although not correlated with clinical data, suggest that the method may be successfully 
used in the diagnosis of occult cancers of the endometrium. 

Rare lesions of the endometrium are discussed in Chapter 17. 
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Diseases of the Vagina, Vulva, Perineum, and Anus 

THE VAGINA 

Normal Cytology 

Except for the mucus-secreting Bartholin's glands, discussed below, the vagina is lined by 
squamous epithelium that is identical to that lining the outer surface of the uterine cervix. 

Normal cytology consists of squamous cells and their variants, identical to those described in 
Chapter 8. 

Benign Abnormalities 
Inflammatory Disorders 

The inflammatory disorders and their causes, observed in the vagina, are generally the same 
as in the uterine cervix (see Chap. 10). Ulceration of the vaginal epithelium may occur 
under a variety of circumstances, such as the presence of a pessary. Wilbur et al (1993) 
described vaginal ulcers in a rare disorder of unknown etiology, the Behcet's disease. In the 
case described, abnormal squamous cells, mimicking cancer, were observed in 
cervicovaginal smears. Cases of malakoplakia of the vagina were reported by Lin et al (1979) 
and by Chalvardjian et al (1985). For further discussion of this rare disorder, see Chapter 22. 

Melanosis of vagina, i.e., accumulation of melanin in the epithelium, is a very uncommon 
benign condition that may mimic a malignant melanoma (Karney et al, 2001). Malignant 
melanoma is discussed in Chapter 17. 

Infections and Hormonal Status 

The responses of the vaginal squamous epithelium to events in the normal menstrual cycle and 
under the impact of hormonal medication are discussed in Chapters 8 and 9. The susceptibility 
of the vagina to infectious agents depends on the hormonal status of the squamous epithelial 
lining: absence of epithelial maturation before puberty and after the menopause favors 
the proliferation of infectious agents (see Chap. 10). 

Posthysterectomy Glandular Cells 

Glandular cells of endocervical type have been observed in vaginal smears after 
hysterectomy (Bewtra, 1992; Tambouret et al, 1998). The origin of these cells is not clear but 
the authors postulated focal glandular metaplasia or adenosis, occurring in the vaginal 
epithelium after treatment by radiotherapy or 5-fluorouracil (for further discussion of vaginal 
adenosis, see below.) 
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Fistulous Tracts 

Fistulous tracts between the vagina and an adjacent organ, such as the rectum (recto- 
vaginal fistula), or the bladder (vesicovaginal fistula), may result in the presence of 
epithelial cells of urothelial or intestinal origin in vaginal smears. 

In rectovaginal fistulae, the tall, columnar, mucus-producing colonic epithelial cells may 

be recognized in cervicovaginal smears because of their large size and columnar configuration. 
These cells usually occur in compact sheets or clusters with basal nuclei and smooth luminal 
epithelial surface. The differential diagnosis is with vaginal adenosis (see below) and with 
endocervical or endometrial benign or malignant cells, which are usually smaller. The 
endocervical-type cells that have sometimes been observed in vaginal smears in 
posthysterectomy patients may also be confused with colonic cells. The colonic cells are 
often accompanied by bowel contents in the form of fecal material, often containing indigested 
muscle or vegetable fibers and plant cells originating in the colon (see Chap. 8). Because 
the nuclei of the plant cells are large and dark they may be mistaken for cancer cells. For 
further discussion of plant cells and their identification in sputum, see Chapter 19. 

In vesicovaginal fistulae, the multinucleated, large urothelial umbrella cells, derived from 
the epithelium of the bladder, can sometimes be identified in cervicovaginal smears. 

These cells can be mistaken for cancer cells (see Chap. 22 for a detailed description of these 
cells). 

Foreign Bodies 

Avariety of foreign material and foreign bodies, described in Chapter 8, may be found in the 
vagina and, hence, in cervicovaginal smears. 

Benign Tumors and Tumorous Conditions 

Except for condylomata acuminata and vaginal adenosis (to be discussed below), benign 
tumors and tumorous conditions are infrequent in the vagina and of very limited significance in 
diagnostic cytology. Endometriosis, cysts or benign tumors of Gartner ducts, and very 
uncommon benign tumors, such as leiomyomas or rhabdomyomas, occur in the wall of the 
vagina, do not produce any perceptible abnormalities in the vaginal epithelium and, hence, 
cannot be recognized cytologically, except by aspiration biopsy. 

Vaginal and Cervical Adenosis 
Natural History 

A synthetic compound with estrogen-like effect, diethylstilbesterol (DES), was extensively 
used for prevention of abortions and other complications of pregnancy during the late 1940s 
and early 1950s. About 20 years later, it became apparent that the use of this drug adversely 
affected the offspring of the patients so treated. 

In some of the male offspring, cysts of the epididymis and abnormal spermatogenesis were 
observed, a finding of limited cytologic significance (Gill et al, 1976). In the female offspring, 
vaginal and cervical adenosis has been observed, a disorder caused by a replacement of 
vaginal squamous epithelium by glandular epithelium, that on inspection appear as red 
patches in the upper reaches of the vagina and adjacent cervix. In about 40% of the 
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affected females, there are also abnormalities in the gross configuration of the vagina and the 
cervix, described as ridges. Most importantly, adenocarcinomas and squamous 
carcinomas and precursor lesions were observed in a small subset of females with 
vaginal adenosis. These lesions are discussed below. 

It has been shown by Sonek et al (1976) that DES administered between the seventh and 
eighth weeks of pregnancy resulted in 100% of adenosis in the offspring; if the drug was 
administered later during pregnancy, the frequency of adenosis was reduced but remained at 
about 70%. 

Although there has been considerable speculation as to the mechanism of formation of 
adenosis, the evidence currently available strongly suggests that DES inhibits the 
transformation of the mullerian cuboidal epithelium into squamous epithelium that normally 
takes place during the last stages of the fetal life. Asimilar mechanism, although on a very 
limited scale, must be evoked in reference to cervical eversion or ectropion (see Chapter 10). 

Thus, adenosis may be conceived as a very large eversion of the endocervical 
epithelium, affecting the outer portions of the uterine cervix and the adjacent vagina. This has 
been confirmed by ultrastructural studies (Fenoglio et al, 1976). Experimentally, adenosis can 
be induced in mice by estrogen treatment (Forsberg, 1976). Vaginal adenosis was also 
reproduced in the female offspring of the monkey, Cebus apella, exposed to DES during 
pregnancy (Johnson et al, 1981). 

It is of interest, though, that exposure to DES is not a mandatory event in vaginal adenosis. 
Robboy et al (1986) reported 41 patients with this disorder who had no DES exposure. 

Adenosis of the vagina has also been observed after treatment with 5-fluorouracil and 
carbon dioxide laser, usually for extensive condylomas of the vulva and vagina (Sedlacek et 
al, 1990; Goodman etal, 1991; Bernstein etal, 1983). Acase of vaginal adenosis in a patient 
on Tamoxifen therapy was reported by Ganesan et al (1999). 

Histology 

In adenosis, areas of proximal vagina and adjacent outer rim of the uterine cervix are 
lined by mucus-producing glandular epithelium, usually of the endocervical type, 

replacing the normal squamous epithelium. Occasionally, the epithelium resembles that of the 
endometrium or the fallopian tubes. The glandular epithelium also forms tubular glands of 
endocervical type in the lamina propria that may reach the muscularis (Fig. 14-1A.B). 

All changes commonly observed in the endocervical epithelium may be observed in adenosis: 

tubal metaplasia, squamous metaplasia, and malignant transformation leading to 
adenocarcinoma, epidermoid carcinoma and its precursor lesions, or both. 

With the discontinuation of the use of DES for prevention of obstetrical difficulties, adenosis 
has become a rare disorder, limited to those few women, daughters of DES-exposed mothers, 
now in their 50s or 60s, and the rare 
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women who develop it spontaneously or after treatment (see above). Nonetheless, for the sake 
of completeness, we have retained the description of the cytologic manifestations of this 
disorder. 
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Figure 14-1 Vaginal adenosis. A Endocervical type epithelium lining the surface of the 
vagina. B. Residual endocervical type glands underneath the squamous epithelium lining 
the vagina. C. Vaginal scrape smear containing scattered endocervical type cells next to 
squamous cells. D. Scrape of adenosis. The dominant cells are parabasal cells from 
squamous metaplasia. 



Cytology 

The purpose of cytologic examination of the vagina in children and women at risk is to 
determine the presence of adenosis and of malignant changes, if any, by non-invasive 
methods. Unfortunately, in uncomplicated adenosis, the cytologic techniques are not very 
efficient because the glandular epithelium does not desquamate easily. The best method is 
based on direct scrapes of the lesions under visual control; this approach is applicable 
only to adult women. In children and virginal adolescents, a vaginal pool smear obtained by a 
small pipette is the only method available. 

Vaginal Pool Smears 

Adenosis is characterized by mucus-secreting columnar endocervical cells of various 
sizes, occurring singly or in clusters, or endocervical cells showing transition to squamous 
metaplasia (Fig. 14-1C.D). The diagnosis is possible because the finding of normal 
endocervical cells in vaginal smears is otherwise exceptional. The finding of small squamous 
cells (“metaplastic cells”), unless in company of columnar mucus-secreting cells, is of a very 
limited diagnostic value because such cells may also originate in normal squamous epithelium. 
The efficacy of diagnosis of adenosis in vaginal pool smears is low. 



Direct Scrape Smears From Areas of Adenosis 

This is the sampling method of choice in adult women at risk. Bibbo et al (1975) advocated 
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taking four separate scrape smears from the four quadrants of the proximal vagina. This 
may be supplemented by direct smears of the outer portio of the uterine cervix, preferably 
under visual control. Prior to cytologic sampling, the accumulated mucus should be 
removed with a gauze sponge. 

Direct vaginal scrape smears from cases of adenosis contain 
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either secure or presumptive evidence of disease. Secure evidence of disease is either 
the presence of glandular cells of endocervical type or glandular cells showing transition to 
squamous metaplasia. The presence of small squamous cells, singly or in clusters (“metaplastic 
cells”), cannot be considered as secure evidence of adenosis. Other cell types listed by Bibbo 
et al (1975), such as anucleated squamous cells or dyskaryotic squamous cells (dysplastic 
cells), have no specificity whatsoever for adenosis. Applying these criteria to Bibbo's series of 
66 patients with known adenosis, the cytologic diagnosis of this disorder could be securely 
established in nine patients and a presumptive diagnosis of adenosis based on “metaplastic 
cells” in an additional 33 patients. The limited value of cytology in the diagnosis of 
uncomplicated adenosis was also emphasized by Robboy et al (1986), who could establish 
the diagnosis of adenosis in only 22% of 575 such patients. 

Confirmation of the Cytologic Diagnosis of Adenosis 

This is best accomplished by colposcopy. The colposcopist can clearly identify the extent of 
adenosis and, more important perhaps, examine the large and sometimes multiple 
transformation zones for evidence of possible neoplastic lesions. If colposcopy is not available, 
Schiller's test will disclose iodine-negative areas of glandular mucosa within the vagina and the 
outer cervix. 

Clinical Significance 

Melnick et al (1987) estimated the risk of adenocarcinoma at 1 case per 1,000 women with 
adenosis through the age of 34 years. The peak incidence was at 19 years of age but tumors 
have been observed in children as young as 7 and in women age 30 (Herbst and Bern, 1981). 
Tuboendometrial type of epithelium appears to be the most common source of 
adenocarcinomas (Robboy et al, 1982, 1984). By far more common in adenosis are the 
precursor lesions of squamous cancer in the vagina and the adjacent cervix (see 
below). 

Follow-up of many thousands of patients with adenosis disclosed the very high probability of 
self healing. The glandular epithelium undergoes squamous metaplasia which 
becomes mature and identical to normal squamous epithelium. Thus, unless there is evidence 
or suspicion of malignant transformation, it appears safe to observe these patients without 
treatment. Adenocarcinomas and premalignant or malignant squamous lesions observed in 
patients with adenosis are discussed below. 

Malignant Tumors 

The most common primary malignant tumors of the vagina are carcinomas of squamous 
derivation and type. Since the appearance of adenosis on a large scale, increased attention 
has been devoted to adenocarcinomas associated with this disorder. Primary 
adenocarcinomas, in the absence of adenosis, are very uncommon, although they have been 
repeatedly observed. Rare tumors, including malignant melanomas, sarcomas, and 
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metastatic tumors to the vagina are discussed in Chapter 17. Postradiation carcinoma in situ 
(dysplasia) of the vagina is discussed in Chapter 18. 

Squamous Carcinoma 

Invasive squamous carcinomas of the vagina and their precursor lesions are usually 
observed in women past the age of 40. In approximately 50% of these patients, there is 
evidence of a synchronous or metachronous squamous carcinoma of the uterine cervix 

that may be invasive or in situ (Kanbour et al, 1974; Murad et al, 1975; Lee and Symmonds, 

1976). Bell et al (1984) also observed vaginal cancer in several patients after hysterectomy for 
allegedly benign disease. Norris et al (1970) reported a case of vaginal squamous carcinoma in 
an infant. 

Association of vaginal carcinomas with other malignant tumors of the female genital 
tract may also occur. We have personally observed synchronous or metachronous tumors of 
the vagina, vulva, and occasionally of the endometrium, tube, and ovary. Thus, the presence of 
a vaginal carcinoma should automatically trigger the search for other malignant lesions. 

Conversely, follow-up of patients with carcinoma or precancerous states of the 
epithelium of the uterine cervix and the vulva must include periodic examinations of 
the vagina. 

Observations pertaining to the possible role of human papillomavirus (HPV) in the genesis of 
cervical carcinoma are also applicable to squamous carcinomas of the vagina and vulva (see 
Chap. 11). The proof of viral presence in the relatively uncommon vaginal lesions is not nearly 
as extensive as for the cervical and vulvar squamous carcinomas and their precursor lesions. 

Still, there is no doubt that the vaginal neoplastic disorders follow the pattern of cervical 
disease and share identical cytologic, histologic, and biologic backgrounds (Okagaki et al, 

1984). 

Histology 

Most squamous carcinomas of the vagina are keratin-producing, both on the surface of 
the epithelium of origin and within the invasive and metastatic foci. Occasionally, such 
lesions have thick layers of keratin on their surfaces and may bear considerable similarity to the 
warty (verrucous) carcinomas of various organs (Fig. 14-2). The tendency to keratin formation 
is also observed in precancerous lesions (see below). Nonkeratinizing (epidermoid) 
carcinomas of the vagina made up of medium-size cells or small cells may also occur 
(Fig. 14-3). Small cell carcinomas with endocrine features were described by Albores-Saavedra 
et al (1972) and by Chafe (1989). In a case reported by Colleran et al (1997), the tumor was 
shown to be secreting ACTH and causing a Cushing's syndrome. 

The term microinvasive carcinoma of the vagina was discussed by Peters et al (1985), 
based on experience with six patients with invasion up to 2.5 mm in whom the results of surgical 
treatment by partial or total vaginectomy were uniformly good. In our experience, however, 
even superficially invasive vaginal carcinomas are capable of forming metastases. 

Two territories of lymph nodes may be involved: carcinomas of the distal third of the 
vagina usually form metastases to the inguinal lymph nodes; carcinomas of the 
proximal third may metastasize to pelvic lymph nodes; carcinomas of the middle third 
may metastasize to either or both of these two groups of 
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lymph nodes. The reasons for the very aggressive behavior of carcinomas of the vagina are 
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not clear. Presumably, the lack of a thick muscularis and the abundance of lymphatics in the 
vaginal wall account for the striking differences in behavior when compared with the 
superficially invasive carcinomas of the uterine cervix (see Chap. 11). 




Figure 14-2 Keratinizing squamous carcinoma of the vagina. A. Keratinized carcinoma 
in situ from which well-differentiated squamous carcinoma shown in B was derived. C,D. 
Various aspects of small squamous cancer cells in a vaginal smear. 



We have also observed a case of a bulky vaginal tumor with features of pseudosarcoma. 
On the surface of the lesion, there was a squamous carcinoma in situ. The stroma of the tumor 
was composed of spindly cells mimicking a sarcoma with focal differentiation into an invasive 
squamous carcinoma (Fig. 14-4). This tumor was identical to the uncommon tumors of this type 
observed in the esophagus and adjacent organs described in Chapter 25. 



Squamous Carcinoma In Situ and Related Lesions (Vaginal Intraepithelial 
Neoplasia; VAIN) 

Carcinomas in situ and noninvasive epithelial lesions with lesser degrees of abnormality 
(“dysplasias”) have been grouped as vaginal intraepithelial neoplasia (VAIN) that can be 
graded I, II, III as initially proposed for similar lesions of the uterine cervix (see Chap. 11). 
Although the Bethesda nomenclature (see Chap. 11) has not been extended to the vagina, it 
appears reasonable to classify VAIN I as low-grade lesions (mild dysplasia with features of 
condyloma) (Fig. 14-5) and VAIN II and III as high-grade lesions. This suggestion gained 
support from a study by Sherman and Pauli (1993) who documented better reproducibility of 
diagnoses, using the binary system. Logani et al (2003) reported that most of the precancerous 
lesions of the vagina contain high risk HPV, contrary to vulvar lesions. These authors also 
noted that staining with proliferation antigen M1B1 helps in distinguishing benign from 
potentially malignant epithelial changes. 



The clinical appearance of these lesions depends on the level of keratinization: the heavily 
keratinized lesions appear as white patches (leukoplakia), whereas the poorly 
differentiated (epidermoid) lesions with limited keratin formation may appear as red 
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areas in the vagina (Hummer et al, 1970). 

Predictably, the low-grade lesions resemble structurally normal squamous epithelium, 
except for the presence of nuclear enlargement, hyperchromasia, and mitotic activity (Fig. 14- 
5). In the presence of koilocytes, the lesions are identical to the so-called flat 
condylomas observed on the surface of the uterine cervix (see Chap. 11). Keratin 
deposits are often present on the surface. The low-grade lesions may occur as multiple 
condylomas that form small elevations of the vaginal epithelium (condylomatous 
colpitis) and are often associated with similar lesions on the vulva; although these 
lesions are difficult to eradicate, they are not considered threatening to the patient. They have 
been observed in children, presumably as a consequence of sexual abuse. More important is 
the single low-grade 
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lesion. Although many of these lesions may disappear, presumably spontaneously or after 
treatment, there is at least some evidence, based on personal experience, that the vaginal 
low-grade lesion may progress to invasive cancer more rapidly and more frequently 
than similar lesions in the uterine cervix. This observation has received support from a 
follow-up study of untreated VAIN by Aho et al (1991) who also observed the progression of a 
low grade lesion to invasive cancer. 




Figure 14-3 Poorly differentiated squamous carcinoma of the vagina. A,B. The 
surface lesion (A), which became invasive ( B ). C,D. Small cancer cells in vaginal smears. 



The high-grade lesions fall into two groups: ke rat-informing lesions, that may show 
remarkable similarity to low-grade lesions except for the presence of abnormal cells 
throughout the thickness of the epithelium (see Fig. 14-2A); and nonkeratinizing lesions that 
are similar to high-grade lesions of the endocervical canal, composed of smaller 
malignant cells and show little or no keratin formation on the surface (see Fig. 14-3A). 
Anecdotal evidence has been accumulated that these lesions, particularly the classical 
carcinoma in situ, have the ability to progress to invasive squamous cancer (Rutledge, 1967; 



808 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, ISth Bifeeases of the Vagina, Vulva, Perineum, and Anus 



Benedet and Sanders, 1984; Aho et al, 1991), although the frequency of progression remains 
unknown because few of these lesions are followed without treatment. 

Cytology 

The customary source of diagnosis of vaginal carcinoma is the smear obtained by aspiration of 
the vaginal pool. Occasionally, however, cancer cells of vaginal origin may be observed in 
cervical smears. 

If cervical and/or vaginal smears contain evidence of squamous carcinoma or a related 
precancerous lesion and there is no evidence of disease in the uterine cervix, the 
vagina must be investigated. Direct scrape smears of the vaginal wall may be used initially 
to confirm the diagnosis. On occasions when there is no visible mucosal abnormality, we have 
recommended mapping smears, i.e., taking multiple, separately labeled smears from separate 
vaginal sites to identify the source of the abnormal cells for biopsy. 

Invasive Carcinoma 

Invasive keratinizing epidermoid carcinomas of the vagina closely resemble invasive 
squamous carcinomas of the uterine cervix. Most tumors shed relatively highly differentiated 
squamous cancer cells of various sizes with thick, yellow or orange cytoplasm (see Fig. 14-2). 
Keratin “pearls” of malignant type and bizarre cell types (tadpole cells, spindly cells) are 
common. Koilocytes may be observed, suggesting 
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the origin of such lesions from “flat condylomas.” Necrosis, which is so commonly present in 
invasive cancer of the cervix, is often absent. Inflammation and trichomoniasis are commonly 
observed. 




Figure 14-4 Pseudosarcomatous squamous carcinoma of the vagina. The polypoid 
lesion with smooth surface was clinically protruding into vaginal lumen. A Squamous 
carcinoma in situ on the surface of a tumor composed of spindly cells, shown in B. C. 
Focus of squamous differentiation in the invasive spindly component of the tumor. D. A 
vaginal pool smear from a similar case showing well-differentiated squamous cancer cells. 
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Invasive nonkeratinizing carcinomas are made up of smaller cancer cells with less evidence 
of keratin formation (see Fig. 14-3). Occasionally, only small, undifferentiated cancer cells are 
present. Other features of such smears are similar to those described above. 

Cytologic findings in a case of small-cell neuroendocrine carcinoma of vagina were 
described by Ciesla et al (2001). Numerous small cancer cells, some with nuclear molding, 
were observed and illustrated. 

Precursor Lesions of Vaginal Squamous Carcinoma (VAIN) 

Low-Grade Lesions (VAIN Grade i, Mi/d Dysplasia, Fiat Condylomas) 

The cytologic presentation of these lesions, shown in Figure 14-5D, consists of superficial 
and intermediate dyskaryotic (dysplastic) squamous cells and koilocytes, characterized 
by a delicate, transparent cytoplasm and enlarged, irregular, hyperchromatic nuclei, often 
surrounded by a clear zone. The underlying tissue abnormality (Fig. 14-5B) is very similar to 
that of low-grade lesions occurring on the uterine cervix (see Chap. 11). 

High-Grade Lesions (Carcinoma in Situ, VAIN Grade // or Hi) 

Precursor lesions of epidermoid carcinoma often follow, or are synchronous with, similar lesions 
of the uterine cervix, most often the keratin-forming type. Two types of high-grade lesions 
(carcinoma in situ) may be observed in the vagina. The uncommon small cell type is 
characterized by the presence of small cancer cells, occurring singly or in clusters (see Fig. 14- 
3C,D). These lesions and their cytologic presentation usually follow and are akin to the 
“classic” small cell carcinoma in situ of the uterine cervix (see Chap. 11). 

More common are the keratin-forming high grade lesions (keratinizing carcinomas in situ (Fig. 

14-6). These lesions shed dyskaryotic (dysplastic) and squamous cancer cells of variable 
sizes, some with opaque, thick, keratinized cytoplasm and large pyknotic nuclei. Koilocytes 
with a wide perinuclear clear zone are commonly present. The tissue, however, may disclose a 
high-grade lesion capable of invasion, showing residual evidence of a condyloma (Fig. 14-6D). 

These lesions are clear examples of malignant 
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transformation of low-grade (condylomatous) lesions that may be particularly dangerous 
in the vagina. One should not be misled by the presence of koilocytes into believing that the 
lesion will disappear without treatment. 
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Figure 14-5 Low-grade condylomatous-type lesion of the vagina in a child. A,B. Low 
and higher magnification views of the lesion which consists of thickened, folded squamous 
epithelium with numerous koilocytes in the upper layers. C. In situ hybridization of the same 
lesion with antibodies to HPV 11. The black nuclei show positive reaction. D. Vaginal 
smear from a similar lesion showing well differentiated dyskaryotic (dysplastic) intermediate 
squamous cells, one of which shows perinuclear halos consistent with koilocytosis. 



High-grade VAIN lesions are not infrequently observed in postmenopausal women with 
atrophic smear pattern. As was discussed in Chapter 11 in reference to similar lesions of the 
uterine cervix, the recognition of cancer cells in dry, atrophic smears may be fraught with 
difficulty, particularly because the feature of nuclear hyperchromasia is not readily evident in dry 
cancer cells spread on the slide. In such smears, the nuclear size and the 
nucleocytoplasmic ratio become the principal criteria of recognition of cancer cells: the 
nuclei are substantially larger than those of benign squamous cells in the same smears, and the 
nucleocytoplasmic ratio is altered in favor of the nucleus. Reviving the epithelium with estrogen 
may be quite helpful in the diagnosis. 

It is quite evident that there are significant cytologic similarities between the low-grade lesion 
shown in Figure 14-5 and the high-grade keratin-forming lesion shown in Figure 14-6. The 
difference lies in the cytoplasm which, in many cells derived from the high-grade lesion, is 
heavily keratinized and opaque whereas it is more transparent and delicate in the low-grade 
lesion. 

Cytologic assessment of the type of histologic abnormalities, which may be carried out with 
reasonable accuracy in the uterine cervix, is rarely possible with vaginal lesions. The cytologic 
presentation of vaginal low-grade lesions, carcinoma in situ, and invasive carcinoma 
may overlap significantly. The presence or the absence of necrosis is of limited diagnostic 
help. 

Because of the potentially highly malignant behavior of these lesions, any cytologic evidence 
of a neoplastic process in the vaginal epithelium, regardless of the degree of cytologic 
abnormality, must be followed by an attempt to localize and destroy the lesion before 
metastases set in. Colposcopy, or, if unavailable, Schiller's test or mapping smears (see above), 
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will help in localizing the disease and in obtaining histologic evidence. If the lesion is still 
confined to the epithelium, surgical excision, carbon dioxide laser treatment, or chemotherapy 
with 5-fluorouracil ointment, may prove curative, although the treatment may lead to formation 
of vaginal adenosis (see above). 
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Vaginal Adenosis and Squamous Carcinoma and its Precursors 

In discussing the nature of adenosis (see above), it has been pointed out that the presence of 
endocervical tissue in the vagina greatly increased the size of the transformation zone. 

Because of the important role that the transformation zone plays in the genesis of epidermoid 
carcinoma of the uterine cervix (see Chap. 1 1 ), it has been anticipated by us in early editions of 
this book that squamous carcinoma and its precursors will be encountered with increasing 
frequency in adenosis. These observations were amply confirmed. Thus, Stafl et al (1974), 
Bibbo et al (1975), and Fetherston (1975) observed several instances of dysplasia and 
epidermoid carcinoma in situ in the vagina adjacent to adenosis. The incidence of these lesions 
was estimated by Robboy et al (1984) at 15.7 per 1,000 person-years of follow-up, 
approximately double the rate of an unexposed population. Most of these lesions can be 
identified by cytologic sampling of the vagina and adjacent cervix (see Fig. 14-9). Two cases of 
invasive squamous carcinoma occurring in adenosis were reported by Veridiano et al (1976). 

Adenocarcinoma of the Vagina 
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Adenocarcinomas of the vagina, otherwise very rare, assumed new importance in the 
generation of women afflicted with DES-induced vaginal adenosis (Barber and Sommers, 1974; 
Robboy et al, 1976). Adenocarcinoma occurring in adenosis affected girls and very 
young women, often in their teens, many of whom are initially asymptomatic. Cytologic 
examination may serve a dual purpose: as a means of detection of adenocarcinoma or as a 
follow-up procedure after treatment of the lesion. 

Taft et al (1974) summarized their experience with 95 cases from the registry of these tumors 
maintained at the Massachusetts General Hospital in Boston, Massachusetts. In 11 
asymptomatic patients, the tumors were detected by cervicovaginal cytology. The smears 
were positive or suspicious in 43 of 55 patients with prior positive biopsies. 
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In three patients, vaginal smears served as the first indication of local recurrence after 
treatment. Thus, cytologic evaluation plays an important role in the diagnosis and management 
of these patients. 

Histology 

Adenocarcinomas originating in adenosis are, in many ways, similar to endocervical 
adenocarcinomas and to adenocarcinomas of Gartner duct origin (see Chap. 12). The 
neoplastic glands are lined by cuboidal and sometimes columnar cells, often protruding into the 
lumen in hobnail fashion (Figs. 14-7D and 14-8D). Because the cytoplasm of many of these 
cells is transparent, the term clear cell carcinoma or mesonephric carcinoma is often used 
to describe these tumors. Occasionally, the tumors resemble the endometrial type of 
adenocarcinoma and are then associated with foci of adenosis resembling endometrial glands 
or endometriosis. In all tumors, foci of solid growth may be observed. 

The origin of the tumors can be traced to the glandular surface epithelium; more often, 
however, the lesion originates from the deep glands. It is theoretically predictable that an 
adenocarcinoma in situ must exist in adenosis, but such a lesion has not yet been described. 
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Figure 14-7 Cytologic presentation of adenocarcinoma of vagina in a young girl. A- 

C. Various aspects of the vaginal smear. A Sheet of cancer cells with large nuclei and 
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nucleoli. In B and C, the cells are elongated and have a vague similarity to endocervical 
cancer cells. D. corresponding tissue lesion shows an invasive adenocarcinoma derived 
from adenosis. (Case courtesy of Dr. Priscilla Taft, Massachusetts General Hospital, 

Boston, MA.) 



Avery rare adenocarcinoma of intestinal type of the vagina, derived from an adenoma, was 
described by Mudhar et al (2001 ) who also reviewed the literature. We have not seen a tumor 
of this type. 

Cytology 

Adenocarcinoma originating in adenosis may involve the vagina and, in about 40% of the 
cases, the adjacent cervix. If the uterine cervix is involved, the cervical scrape smear is very 
efficient in the diagnosis of the tumor. If only the vagina is involved, the cervical smear will fail to 
reveal tumor in many cases. Thus, the importance of a vaginal pool smear in young women, 
particularly those at risk for adenosis and adenocarcinoma, cannot be sufficiently emphasized. 

Direct scrape smears of the vaginal wall in patients with high risk for adenosis have been 
discussed above. Such smears, although not particularly efficient in the diagnosis of benign 
adenosis, are very helpful in the diagnosis of vaginal adenocarcinoma. 

In their classic form, the well-preserved cells of vaginal adenocarcinoma appear as polygonal 
or columnar cancer cells singly and in clusters (Fig. 14-7AB). The cells vary in size and 
measure from 20 to 30 pm in their largest dimensions. The cytoplasm is delicate, 
transparent, and 
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generally basophilic, sometimes studded with small vacuoles. The large nuclei appear 
finely granular. The nucleoli vary in size and may be very large in some cancer cells. In 
most cases, however, when the tumor cells are less well preserved, the characteristic features 
described above may not be present. In such situations, clusters of small cancer cells 
without distinguishing features are commonly seen (Fig. 14-8A,B). Origin from an 
adenocarcinoma may be suspected if the cytoplasm is vacuolated and infiltrated with 
polymorphonuclear leukocytes or if the clusters have papillary configuration and the cells have 
large nucleoli. In many instances, the identification of tumor type may not be possible 
on cytology alone. Taft et al (1974) pointed out the similarity of this cytologic presentation with 
that of epidermoid carcinoma. Very bizarre, large cancer cells that may be occasionally 
observed (Fig. 14-7C) may suggest a sarcoma. 
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Figure 14-8 Adenocarcinoma of the vagina in a young woman. A,B. Relatively small 
cancer cells resembling a squamous rather than a glandular lesion. C. Focus of 
adenocarcinoma of the vagina adjacent to normal vaginal squamous epithelium. D. Details 
of the tumor composed of convoluted and papillary glands. Note the “hobnail” arrangement 
of tumor cells. (Case courtesy of Dr. Priscilla Taft, Massachusetts General Hospital, 

Boston, MA.) 



The smears in vaginal adenocarcinoma contain a large admixture of squamous cells of vaginal 
origin that may partly obscure the evidence of cancer. Also if there is adjacent residual 
adenosis, in the vagina or in the adjacent cervix, benign cells of endocervical type may confuse 
the cytologic picture. In ulcerated tumors, evidence of inflammation and necrosis is usually 
present. Although the accurate diagnosis of vaginal carcinoma may not always be possible on 
cytologic evidence, any significant cytologic abnormality in a young girl or woman 
warrants a careful colposcopic examination of the vagina. While much less common now 
than when DES was prescribed during pregnancy, occasional instances of adenosis still occur 
and adenocarcinomas associated with adenosis are fully capable of metastasis. 

Tumor Variants 

As in the uterine cervix, we have observed a coexisting adenocarcinoma and epidermoid 
carcinoma in situ in adenosis. In this instance, the smear pattern was that of a low-grade 
squamous lesion and no cells of adenocarcinoma were present. Tissue evidence disclosed an 
epidermoid carcinoma in situ lining the surface of vaginal adenosis and, in the depth of the 
vaginal wall, an invasive adenocarcinoma (Fig. 14-9). Acase of invasive adenosquamous 
carcinoma was described by Vandrie et al (1983). 

Prognostic Factors 

Fu et al (1979) attempted to establish the prognosis of the epidermoid and glandular lesions 
associated with DES exposure by measuring the DNA content of the component cells. These 
authors postulated that lesions of diploid or polyploid make-up have a higher chance of 
regression than 
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aneuploid lesions. As noted in Chapter 11 in reference to the uterine cervix, such 
measurements have limited value in the presence of permissive infection with HPV that modifies 
the DNA measurements (Chacho et al, 1990). 
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Figure 14-9 Epidermoid carcinoma of the vagina in a case of adenosis. A# Vaginal 
smear containing medium-size squamous cancer cells. C. An overview of the vaginal lesion 
showing numerous glands, consistent with adenosis and possibly an early 
adenocarcinoma. D. Surface abnormality in this case showing a high-grade squamous 
carcinoma in situ. 



Uncommon tumors of the vagina are discussed in Chapter 17. 



Lesions of the Neovagina 

Neovagina or an artificial vagina may be constructed in women with congenital absence of 
vagina (Belleannee et al, 1998) or after surgical removal of vagina for a variety of reasons. The 
artificial vagina, whether constructed from skin grafts or an intestinal loop, usually becomes 
lined with squamous epithelium that may display a normal hormonal pattern. It is of particular 
interest that squamous carcinoma (summary in Rotmensch et al, 1983; Belleannee et al, 
1998) or vaginal intraepithelial neoplasia, as reported by Lathrop et al (1985), may also be 
observed in neovaginas. The possibility that HPV infection may be a factor in such rare events 
was supported by the presence of koilocytes in vaginal smears of the patient described by 
Belleannee et al (1998). 

Adenocarcinomas have also been observed in neovaginas constructed from segments of 
the intestine (Ritchi, 1929; Lavand'Homme, 1938). No recent reports of this very rare 
complication could be found. 



Tumors of Bartholin's Glands 

Tumors of the Bartholin's glands, located near the intruitus in the posterior wall of the vagina, 
are generally not accessible to routine cytologic sampling except by needle aspiration. Thus, 
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Bartholin's gland hyperplasias, adenomas, and cysts have no known cytologic presentation 
in routine smears (Koenig and Tavassoli, 1998). Two cases of malakoplakia have been 
described (Paquin et al, 1986). For a detailed description of the pathology and cytology of this 
disease, see Chapter 22. However, the very rare carcinomas of Bartholin's glands may 
break through the gland capsule into the vagina and occasionally yield malignant cells 
in cervicovaginal material. Several such cases were reported (De Mauro et al, 1986). 
Adenocarcinoma and adenoacanthoma, morphologically similar to carcinoma of the 
endometrium, are the most common types of malignant tumors. Several cases of adenoid 
cystic carcinoma have been described (Copeland et al, 1986) and one has been diagnosed 
on needle aspiration smears by Frable and Goplerud (1975). Cytologic presentation of adenoid 
cystic carcinomas is discussed in Chapter 32. A case of squamous 
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carcinoma, diagnosed in a vaginal smear, was reported by Gupta et al (1977). Other, very rare 
disorders such as metastatic renal carcinoma (Leiman et al, 1986) have been reported. 

VULVAAND PERINEUM 

Although the perineum is rarely the target of direct cytologic examinations, many of the vulvar 
lesions, discussed below, may also affect the adjacent perineum. 

Histology 

As discussed in Chapter 8, the vulva is composed of two sets of labia. There are basic 
structural differences between the epithelia of the vulvar external labia majora and the internal 
labia minora. The labia majora are lined by epidermis of the skin and contain the accessory 
apparatus thereof: hair, sebaceous glands, and sweat glands of the eccrine and apocrine type. 

The labia minora is an organ of transition between the skin of labia majora and the epithelium 
of the vagina. The squamous epithelium is not keratinized, resembles the lining of the vagina, 
and is free of hair; however, the subcutaneous tissue contains numerous sebaceous glands. 

The general configuration of the vulva depends on the hormonal status of the woman: it 
undergoes varying degrees of atrophy after the menopause. However, the epidermis of the 
labia majora does not show any cyclic changes. It is not known whether the epithelium of the 
inner surfaces of labia minora follows the cyclic changes occurring in the vagina (see Chap. 9). 

The perineum is lined by skin. 

Cytologic Sampling 

It is generally considered that superficial scrape or cotton swab smears of the vulva have 
limited diagnostic value and that an energetic scraping with a wood or metal spatula is required 
to obtain a meaningful sample of cells. Dennerstein (1968) and Nauth (1986) recommended a 

vigorous scrape of the vulvar lesions, if necessary, after removal of the layer of 
keratin and claimed excellent diagnostic results in vulvar cancer. 
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Figure 14-10 Molluscum contagiosum of the vulva. A. Classical histologic aspect of 
this lesion with crevices filled with poxvirus-containing cells. B. A scrape smear showing 
the particles of poxvirus filling the entire cytoplasm of cells and pushing the nuclei to the 
periphery. 



Normal Cytology 

Smears of normal labia majora are uniformly composed of anucleated squames and a 
minor population of nucleated superficial squamous cells. Smears from labia minora 
more closely resemble vaginal smears and are composed of nucleated squamous 
cells of various degrees of maturity. Inflammatory cells are uncommon under normal 
circumstances. 

Inflammatory Diseases 
Herpes Genitalis 

Herpes is commonly observed on the vulva and the clinical lesions are usually quite painful. 

Small vesicles filled with clear fluid or small, superficial ulcerations that are observed after the 
rupture of the vesicles are characteristic of the disease. Scrape smears of the lesions usually 
reveal the characteristic changes, described in Chap. 10. 

Molluscum Contagiosum 

A highly contagious poxvirus causes pale, elevated and umbilicated lesions on the skin of the 
vulva. The lesions are composed of large squamous cells filled with viral particles, 
coalescing to form large cytoplasmic inclusions that push the nucleus of the cell to the 
periphery (molluscum bodies). The molluscum bodies can be readily recognized in scrape 
smears of the lesions (Fig. 14-10). 

Moniliasis of the vulva occurs mainly during pregnancy, in AIDS patients, and in diabetics. The 
fungus may be identified in scrape smears (see Chap. 10). 

Other inflammatory diseases are usually sexually transmitted, such as lymphogranuloma 
venereum (caused by Chlamydia trachomatis) or granuloma inguinale (caused by 
Caiymmatobacterium granulomatis ) which may be observed on the vulva. The cytologic 
presentation of these disorders is described in Chapter 10. 
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Avariety of benign skin disorders may also be observed. Of particular cytologic interest is 



818/3276 




Koss' Diagnostic Cytology & Its Histopathologic Bases, 15th Bifeeases of the Vagina, Vulva, Perineum, and Anus 

pemphigus vulgaris. The vesicles, upon rupture, may yield the characteristic Tzanck cells, 
mimicking cancer, described in Chapters 19 and 21. Also of note is vulvar involvement in 
Crohn's disease in the form of ulcers (Freidrich, 1983; Holohan et al, 1988). 

Lichen Sderosus 

This is a skin disorder of unknown etiology, affecting the vulva and the adjacent perineum. The 
disease has two forms: an atrophic form in which the squamous epithelium becomes thin and 
is accompanied by hyalinization of the underlying dermis, and a hypertrophic form in which 
the squamous epithelium is thickened (Ridley et al, 1989). It is thought that this disorder is a 
part of the spectrum of “vulvar dystrophies” that apparently predispose women to carcinoma 
of vulva. Van Hoeven et al (1997) described cytologic findings in a group of 29 patients with 
lichen sderosus, six of whom had synchronous squamous carcinoma, either in situ or invasive. 

Besides the customary anucleated squames and nucleated squamous cells, these authors 
observed elongated parabasal squamous cells and, in some cases, atypical cells which, 
however, were insufficient for diagnosis of a malignant tumor in all but one case. 

Benign Tumors 

Except for condylomata acuminata (see below), benign tumors such as granular cell 
myoblastoma, sweat gland adenoma, hidradenoma papilliferum (Virgili et al, 2000), 
ectopic breast tissue or fibroadenomas of mammary type (Prasad et al, 1995) are usually 
subcutaneous in location and thus not accessible to cytologic sampling, except by aspiration 
biopsy. 

Condylomata Acuminata 

These are the most common benign tumors of the vulva, known to be caused by a sexually 
transmitted infection with human papillomavirus (HPV), usually types 6 and 11 but occasionally 
other types as well (see Chap. 11). The presence of HPV in condylomata acuminata can be 
documented with the use of the common viral antigen or by in situ hybridization with viral DNA 
of specific type under stringent conditions, as shown in Figure 14-15C, which documents the 
presence of a permissive infection with HPV type 11. Viral DNA is located mainly in the upper 
layers of the epithelium containing koilocytes. In two studies of condylomas from this laboratory, 
one conducted in children with anal lesions, and the other on penile condylomas in adults, the 
principal types of HPV observed were 6 and 11 but there were sporadic cases in which HPV 16 
and 18 could also be demonstrated (Vallejos et al, 1987; Del Mistro et al, 1987) (see Chap. 11). 

The wart-like tumors are usually multiple and may also involve adjacent areas of the skin, such 
as the perineum and the perianal area (Fig. 14-5C). Some lesions of this type grow to large 
sizes and may show invasive and destructive growth. It is often a matter of preference as 
to whether to classify such lesions as giant condylomas or as verrucous squamous 
carcinomas. They are usually associated with HPV type 11 and may also occur on the shaft of 
the penis, where they are known as giant condylomas of Buschke-Lowenstein. 

Condylomata acuminata have traditionally been considered a benign disorder, although 

recurrent condylomas and their progression to squamous carcinoma in situ (Fig. 14- 
11 B) and to invasive squamous carcinoma have been recorded repeatedly (Fig. 14- 
11C,D). 

Many condylomas respond to treatment with the antimitotic agent, podophyllin, or the antiviral 
agent, interferon. The lesions can be removed by surgical resections or by laser. 
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Unfortunately, at least 20% of the patients fail to respond fully to these forms of treatment. 

Based on studies of immunologic events in response to HPV infection, an immune-response 
modifier, imiquimod, was isolated first from tissues of experimental animals, then in humans 
(Coleman et al, 1994). Imiquimod induces a number of cytokines and acts as an anti-viral and 
anti-tumor agent (Imbertson et al, 1998; Tyring et al, 1998). Clinical experience in patients with 
anogenital condylomas showed a 50% response rate to 5% imiquimod cream (Aldara, 3M 
Pharmaceuticals, St. Paul, MN) (Edwards et al, 1998). One can anticipate that, in the future, 
other immunotherapeutic agents will become available that will prove to be more effective in the 
treatment of condylomas. 

Histology of condylomas was discussed in Chapter 1 1 . Suffice it to add that the presence of 
koilocytes in the upper layers of the epithelial lining is a common feature of these lesions. Few 
condylomas require cytologic diagnosis, but some of the flat forms of this disease may be so 
investigated, particularly in the anal area (see below). The cytologic presentation of flat 
condylomas of the cervix, dominated by koilocytes, is discussed in Chapter 11. Ward et al 
(1994) considered condylomas as a risk factor for cervical neoplasia and recommended cervical 
cytology and colposcopy as a routine procedure in such patients. 

Malignant Tumors 
Squamous Carcinomas 

Squamous carcinomas are by far the most common malignant tumors of the vulva, 

usually involving the interior aspect of the labia majora but occasionally labia minora and the 
introitus. These tumors, and their precursors, are usually seen in women ages 40 to 60 (Jones 
et al, 1994). Within the last two decennia of the 20th century, a clear increase in younger 
women has been observed (Sturgeon et al, 1992; Joura et al, 2000). Vulvar cancer has also 
been observed in immunodeficient patients (Serraino et al, 1999). An invasive cancer of the 
vulva in a 12-year-old girl with HIV infection has been reported by Giaquinto et al (2000). 

Squamous carcinomas can be roughly divided into two groups, though intermediate-type 
lesions may occur: 

■ Carcinomas with marked surface keratinization, akin to most squamous carcinomas 
of the skin and occurring mainly on labia majora. Verrucous carcinomas are a variant 
of these tumors. Koilocytosis is frequently 
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observed in these tumors, suggesting origin from condylomas (Dvoretsky et al, 1984). 

■ The relatively uncommon, highly malignant, poorly differentiated carcinomas 
composed of small cells, and often growing in solid sheets, mimicking basal cell 
carcinoma of the skin. Such lesions, also referred to as basaloid carcinomas, occur 
mainly on labia minora. 
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Figure 14-11 Condylomas of vulva. A. The clinical aspect of the disease showing 
numerous wartlike structures surrounding the vulva. B. Histologic features of the surface 
epithelium of a lesion shown in A. C. Vulvar condyloma observed in 1962 and treated by 
local excision. D. Invasive squamous carcinoma in the same area of the vulva observed in 
1969. 



The information on HPV in vulvar carcinomas is contradictory. The presence of HPV sequences 
has been documented in some invasive carcinomas and in nearly all carcinomas in situ. 
Although HPV types 6 and 11 have been shown to be associated with some vulvar carcinomas 
of verrucous type (see Chap. 1 1 ), subsequent studies suggested that the oncogenic types of 
HPV namely types 16 and rarely 18, are associated with some but not all tumors (Toki et al, 
1991). In a recent study, Logani et al (2003) observed prevalence of low risk HPV in these 
lesions, contrary to similar lesions in the vagina. 

Cytogenetic studies of vulvar carcinomas disclosed a pattern of chromosomal abnormalities 
very similar to squamous cancer of the uterine cervix (Jee et al, 2001 ). Losses of the short arms 
of chromosomes 3 and 4 and gain in the long arm of chromosome 3 were also described in the 
uterine cervix (see Chap. 11). 

Microinvasive Squamous Carcinoma 

Microinvasive squamous carcinoma of the vulva is poorly defined. It is a matter of debate 
whether a depth of invasion of 1 or 3 mm is an acceptable criterion. Dvoretsky et al (1984) 
favored the depth of 3 mm as the best standard. Although the outcome of very superficially 
invasive carcinoma of the vulva is usually favorable (Wharton et al, 1974), there are sufficient 
cases on record of superficially invasive vulvar carcinoma with metastases to inguinal lymph 
nodes to consider such lesions as potentially lethal and deserving of aggressive treatment 
(Jafari and Cartnick, 1976; Nakao et al, 1974; Chu et al, 1982). 

Cytology 

Invasive squamous carcinomas are warty or ulcerated, or both, and most are identified 
clinically. Occasionally, however, kraurosis vulvae, extensive herpetic vulvitis or another 
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ulcerative process may imitate vulvar carcinoma and vice versa. In such situations, a 
scrape smear may help in establishing the diagnosis. It must be pointed out that the rare low- 
grade verrucous carcinomas of the vulva may have a thick layer of keratin on the surface and 
may not yield any identifiable cancer cells, unless the keratinized layer is removed. 

Smears from invasive squamous carcinomas are often 
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partly obscured by inflammation and necrosis. Well-preserved cancer cells of squamous type 
are sparse and sometimes difficult to identify among anucleated squames. Quite often, only well 
differentiated dyskaryotic (dysplastic) cells may be observed with a cytologic pattern similar to 
condylomas (Fig. 14-12). The cytologic diagnosis of carcinoma of the vulva may be difficult to 
establish (Kashimura et al, 1993). Therefore, the presence of atypical squamous cells 
with enlarged nuclei should lead to a request for a tissue biopsy risking, at times, a 
false alarm. It may be noted that ulcerative lesions of the vulva, such as ulcers and herpetic 
vulvitis, may also yield atypical squamous cells. Tissue biopsy may be required to settle the 
diagnosis. 




Figure 14-12 Invasive carcinoma of vulva with a smear pattern suggestive of 
condyloma. A. Spindly dyskaryotic (dysplastic) cells. B. Cells with features of koilocytes. 
C. Biopsy of vulva corresponding to A and B showing a lesion of squamous epithelium of 
the vulva with numerous koilocytes. D. Invasive squamous carcinoma of vulva adjacent to 
the lesion shown in C. 



Predisposing Conditions 

Atrophy of the vulvar skin, often associated with intense itch (kraurosis vulvae), excessive 
keratinization of vulvar skin (appearing as white lesions or leukoplakia), and lichen sclerosus 
are considered to be conditions predisposing to squamous carcinoma. Kraurosis vulvae shows 
atrophy of the epidermis, accompanied by an inflammatory infiltrate. In leukoplakia, the surface 
epithelium is covered with thick layers of keratin. Lichen sclerosus has been discussed above. 
The term “vulvar dystrophy” has been proposed to encompass a variety of lesions, including 
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lichen sclerosus, allegedly preceding vulvar carcinoma (Friedrich, 1976). Sagerman et al (1996) 
studied the distribution of HPV in 41 cases of “vulvar dystrophy,” 19 accompanying invasive 
squamous carcinoma and 22 not associated with cancer. Interestingly, the presence of HPV 
types 16 and 18 occurred in only 3 of 19 “dystrophies” accompanying cancer and in 12 of 22 of 
the lesions not associated with cancer. As the likelihood of progression of “dystrophies” to 
carcinoma is very small, this study, if confirmed, casts an uncertain light on the role of HPV in 
vulvar cancer. 

Carcinoma In Situ of the Vulva (Bowen's Disease) and Related Lesions 
(Vulvar Intraepithelial Neoplasia; VIN) 

Histology 

Precancerous epithelial lesions of the vulva are now considered as a family of lesions known 
as vulvar intraepithelial neoplasia (VIN), which may be graded from I to III, as is the case for the 
cervical lesions (CIN) and vaginal lesions (VAIN). Alternately, the lesions can be classified as 

low-grade and high-grade VIN. One can consider condylomata acuminata as low-grade 
lesions, keeping in mind their occasional role as a stepping stone to invasive 
squamous carcinoma. Hart (2001) separated the vulvar lesions 
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into two groups: the classic Bowenoid VIN of different grades and a rare, extremely well 
differentiated variant that he called “simplex” or “differentiated type.” 

The high-grade VIN may be subdivided into two types of lesions, corresponding to 
invasive squamous cancer: 

■ The keratinizing variant, also known as Bowen's disease because of its resemblance 
to the identical lesion of the skin and to keratin-forming lesions (keratinizing 
carcinoma in situ) of the cervix and vagina. The epithelium of the vulva is thickened and 
its surface is usually lined by a layer of keratin or by several layers of keratinized cells that 
may deceptively suggest a benign wart-like lesion. Occasionally, a wart-like configuration 
of these lesions may be observed. Scattered throughout the thickness of the abnormal 
epithelium are cells with enlarged, hyperchromatic nuclei. Some of these are very large. 

Mitotic activity is observed at all levels of the epithelium. Raju et al (2003) described a 
pagetoid variant of carcinoma in situ, containing large cells with clear cytoplasm, mimicking 
Paget's disease (see below). 

■ Occasionally, high-grade VIN, particularly when located on labia minora, may be 
composed of small cancer cells and show little evidence of keratin formation on the 
surface. Such lesions correspond to classical carcinomas in situ that are identical with 
poorly differentiated precancerous lesions of the vagina or the cervix. 

Cytology 

Most high-grade VIN are readily visible as either a “red” or a “white” lesion and the diagnosis 
should be established by biopsy. Occasionally, however, the clinical differential diagnosis 
between an inflammatory lesion, such as ulcerated herpetic lesions, a flat condyloma, a high- 
grade VIN, or an invasive carcinoma cannot be made and a scrape smear of the vulva is 
obtained. 

Vulvar smears are often dry and the cells are distorted. Therefore, the interpretation of such 
material must be painstaking and careful. In the presence of even a few squamous cells 
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with large nuclei, further investigation by biopsy should be suggested. Even in well- 
preserved material, the cytologic presentation may be inconspicuous and the neoplastic lesion 
may be represented by a few keratinized squamous cells with enlarged, hyperchromatic 
nuclei, in a setting of anucleated squames. This is particularly important in the 
recognition of keratinizing precursor lesions or cancer, particularly verrucous 
carcinoma. 

Poorly differentiated carcinomas of the vulva and their precursor lesions are uncommonly seen. 
The cells correspond to poorly differentiated carcinomas of the vagina or cervix (see Fig. 14-3 
and Chap. 11). 

There is no information on the cytologic presentation of microinvasive carcinoma. 

Paget's Disease 

Natural History and Histology 

Paget's disease presents as an area of vulvar redness, sometimes associated with oozing of 
serous fluid from its surface. Actual ulceration is uncommon but may occur. This disorder, 
occurring in women above 40 years of age, must be considered in the differential diagnosis of 
inflammatory lesions, carcinoma in situ, and superficial malignant melanoma (see Chap. 17). 

Similar to Paget's disease of the breast (see Chap. 29), the vulvar disease is associated with 
an infiltration of the epidermis by large cells with clear cytoplasm and enlarged nuclei 
(Paget's cells). Large nucleoli may be present. Paget's cells may occur singly or in clusters, 
occasionally forming gland-like structures. Paget's cells may be spread along the ducts of 
sweat glands as well as hair shafts and hair follicles (Fig. 14-13C). Paget's disease of the vulva 
may spread to the perineum and even the perianal area, and, less commonly, the vagina. The 
cytoplasm of Paget's cells contains glycogen and mucin-like material that stains intensely 
with mucicarmine, a simple laboratory reaction helpful in the differential diagnosis from other 
lesions, particularly malignant melanoma. 

It has been shown that some cases of Paget's disease of the vulva, like its breast equivalent, 
are associated with an underlying carcinoma of sweat glands, although the latter is sometimes 
very inconspicuous and difficult to identify (Koss et al, 1968). In many instances, however, no 
underlying carcinoma can be found; the pathogenesis of this type of Paget's disease is 
unknown. It should be noted that Paget's cells form desmosomal attachments to normal 
epithelial cells, a feature that appears to be unique to this disease (Koss and Brockunier, 1969). 
It is noteworthy that metastatic carcinoma of the bladder to the vagina may mimic 
Paget's disease (Koss, 1985; see Chap. 23). Vulvar Paget's disease, caused by spread of 
bladder cancer, was also reported by Wilkinson and Brown (2002). Staining with Uroplakin III 
antibody confirmed the urothelial origin of this disorder (Brown and Wilkinson, 2003). 

The prognosis of Paget's disease depends on the depth of invasion and the presence of an 
underlying sweat gland carcinoma: if the latter is large, metastases to inguinal lymph nodes 
often occur. Still, even Paget's disease, without demonstrable underlying cancer, is often 
difficult to control, even by extensive surgical excision, and recurrences and spread to adjacent 
organs may occur. In an elaborate study of 21 cases, Crawford et al (1999) were unable to find 
any factors of predictive value. 

Cytology 
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The diagnosis of Paget's disease of the vulva is usually based on biopsies. In fortuitous cases, 
in a scrape smear of the vulva or the adjacent vagina, large, malignant cells with clear 
cytoplasm and enlarged, slightly hyperchromatic nuclei may be observed (see Fig. 14- 
13). The cytologic findings are similar to those in mammary Paget's disease (see Chap. 29). 

The findings are not specific but the diagnosis may be suspected in an appropriate clinical 
setting. It is of note that squamous cells in smears from Paget's disease may also show 
some nuclear atypia. This feature, combined with the scarcity of cancer cells, may suggest a 
squamous carcinoma rather than Paget's disease. Few cases of Paget's disease with cytologic 
findings have been reported in the literature (Bennington et al, 1966; Masukawa and Friedrich, 

1978; 
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Costello et al, 1988; Castellano Megias et al, 2002). They added very little to the above 
description. 




Figure 14-13 Paget's disease of the vulva. AB. Air-dried scrape smears of the surface 
of the lesion. Note cells with large nuclei and eosinophilic cytoplasm. The identity of the 
lesion shown in C cannot be recognized in these smears. 



Acase of Paget's disease of the penis, secondary to a sweat gland carcinoma, was 
described by Mitsudo et al (1981). 

Bowenoid Papulosis 

This disorder is characterized by multiple, raised, pigmented (tan or brown) lesions of the 
skin of the genital area, observed mainly in young male and female patients. The lesions are 
histologically similar to Bowen's disease but differ in behavior, inasmuch as they often 
disappear spontaneously and do not progress to invasive cancer. The presence of HPV 
type 16 has been universally noted in these lesions, which are thought to constitute an 
important source of infection. The reason for behavioral differences between Bowen's disease 
and bowenoid papulosis is obscure at the time of this writing (2004). There is no information on 
the cytologic presentation of these lesions. 
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Other Tumors 

The labia majora of the vulva may be the site of malignant tumors affecting the skin. We have 
observed a few basal cell carcinomas mistaken for other entities and, therefore, examined by 
scrape smears. Clusters of small, uniform, spindly cells with peripheral cells arranged 
perpendicularly to the main cell mass (palisading) are characteristic of this tumor. For further 
discussion of cutaneous tumors, see Chapter 34. Amamary ductal carcinoma in situ, derived 
from the vulva, was described by Castro and Deavers (2001). Mammary carcinomas derived 
from supernumerary breasts have also been described (Rose et al, 1990). Malignant 
melanomas and other uncommon tumors of the vulva are discussed in Chapter 17. 

Male Partners of Patients With Vuivar Disorders 

In principle, all male partners of women with condylomas or other forms of a permissive HPV 
infection should be examined because many of them will also be carriers of HPV and some may 
have penile lesions (Gross et al, 1985; Barrasso et al, 1987). Although visible penile lesions 
(condylomas, bowenoid papulosis, carcinoma in situ, erythroplasia of Queyrat) should 
be treated, there is no unanimity as to whether a colposcopic examination of the skin of the 
penis with laser treatment of minor skin abnormalities is warranted. 

ANUS 

Basic Concepts 

As a corollary to the cytologic diagnosis of vulvar lesions, it has been observed that 
precancerous lesions and cancers of the anus may be amenable to cytologic 
examination. Patients at a high risk of neoplastic anal lesions are men and women engaging 
in receptive anal intercourse (Law et al, 1991 ), immunosuppressed patients infected with 
human immunodeficiency virus, patients with AIDS, organ transplant 
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recipients (summary in Palefsky et al, 1994; Frisch et al, 1997; Sillman et al, 1997; Goldie et al, 

1999; Ryan et al, 2000). The presence of human papillomavirus of various types appears 
to be the common denominator of the anal lesions (Lowhagen et al, 1999; Palefsky, 

1999). HPV type 16, particularly the HPV 16PL variant, appear to be associated with high-grade 
lesions (Frisch et al, 1997; Xi et al, 1998). 

Anatomy and Histology 

The outer aspects of the anus, and immediately adjacent portion of the anal canal, are lined by 
squamous epithelium. A narrow band of “transitional epithelium,” composed of several 
layers of small cells and having some resemblance to the urothelium (described in detail in 
Chapter 22), separates the squamous epithelium from the rectal mucosa. The rectal mucosa 
resembles the mucosa of the colon and is composed of tall, columnar, mucus-secreting cells, 
forming tubular crypts. For an excellent review of anatomy of this region, see Ryan et al (2000). 

Benign Disorders 

Disregarding vascular disorders such as hemorrhoids that are commonly observed, important 
diseases of the anus occur in men and women who practice anal sexual intercourse (Law et al, 

1991). Infections with herpesvirus, Epstein-Barr virus, and human papillomavirus are more 
common in homosexual men than in women (Jacobs, 1976; Moscicki et al, 1999). Infection with 
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HIV and resulting AIDS are significant additional risk factors (Hillemanns et al, 1996; Palefsky et 
al, 1998; Lowhagen et al, 1999). 




Figure 14-14 Anal lesions. A. Condyloma-like disease of squamous epithelium (A) with an 
underlying Kaposi's sarcoma ( B ) in a patient with AIDS. C. A poorly differentiated anal 
squamous carcinoma. D. Abasaloid carcinoma of the anus. 



The most common of these disorders is condylomata acuminata that may occur on the perianal 
squamous epithelium but also within the anal canal. These lesions are morphologically identical 
to vulvar condylomas, described above. In patients with AIDS, condylomas may be the site of 
Kaposi's sarcomas (Fig. 14-14AB). 

Malignant Lesions 

Malignant lesions of the anus and their precursors (anal intraepithelial neoplasia, or AIN) 
resemble in many ways the lesions of the uterine cervix: lesions derived from the squamous 
epithelium are well differentiated squamous carcinomas, some containing koilocytes 
in their surface epithelium and, hence, displaying features of condylomas, in this 
example associated with Kaposi's sarcoma (Fig. 14-14C). Their precursor lesions resemble flat 
condylomas. 
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The highly malignant poorly differentiated carcinomas are derived from the “transitional 
epithelium” and resemble basaloid carcinomas or nonkeratinizing squamous (epidermoid) 
cancers (Fig. 14-14D). Their precursor lesions resemble squamous (epidermoid) 
nonkeratinizing high grade lesions derived from the epithelium of the endocervical canal (see 
Chapter 11). The terms low-grade anal intraepithelial neoplasia (LGAIN) and high-grade 
anal intraepithelial neoplasia (HGAIN) have been proposed to describe the precursor lesions 
of anal carcinoma (Lacey et al, 1999). 

Palefsky et al (1990, 1998) observed that, in homosexual men with advanced AIDS, the anal 
neoplasia may develop over a short period of time. The same author (1999) noted that effective 
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antiviral therapy does not lead to regression of the neoplastic lesions. 

Cytology 

Methods 

Moistened cotton swabs or plastic scrapers can be used to secure cell samples from the anus 
(Haye et al, 1988). It is unresolved whether the “adequate” sample must also contain glandular 
cells of the rectal mucosa. According to Sherman et al (1995) and Darragh et al (1997), such 
cells are more readily found in samples collected in liquid fixative than in conventional smears. 

Palefsky et al (1997) observed that the absence of such cells did not affect the sensitivity of the 
procedure. 




Figure 14-15 Low-grade squamous intraepithelial anal lesion (AIN I). A-C. Various 
aspects of dyskaryotic (dysplastic) cells showing enlarged nuclei in an anal scrape smear. 
In one of the fields, there is a multinucleated cell with a perinuclear halo. D. The histologic 
aspect of the condylomatous lesion, the source of cells shown in A-C. (Courtesy of Dr. 
Oscar Lin, Memorial Sloan-Kettering Cancer Center, New York, NY.) 



Normal Anus 

Smears of normal anus are identical to normal vulvar scrape smears and contain mainly 
anucleated and nucleated squamous cells. In specimens obtained from the anal canal, tall, 
columnar, mucus-producing rectal cells may be observed. 

Inflammatory Disorders 

Herpes genitalis may be observed in anal smears (Jacobs, 1976). There is no record of other 
identifiable infectious organisms known to us. For cytologic features of herpesvirus, see 
Chapter 10. 
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Precursor Lesions (AIN) 

Low-Grade Lesions 

Superficial squamous dyskaryotic (dysplastic) cells and koilocytes are the dominant cell 
types in perianal and anal condylomas (Fig. 14-15). These may be accompanied by 
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somewhat atypical squamous cells with enlarged nuclei. Smaller malignant squamous cells, 
similar to those observed in high-grade lesions derived from the endocervical epithelium, are 
characteristic of the high grade anal lesions (see Fig. 14-3). Scholefield et al (1998) observed a 
better reproducibility of diagnoses among pathologists with high-grade lesions than low-grade 
lesions. 

invasive Cancer 

Invasive carcinomas of the anus, whether well or poorly differentiated, are 
morphologically identical to similar lesions of the vulva and vagina, described above. 

An example of a high-grade invasive carcinoma is shown in Figure 14-16. 

Folio w-Up of Cytologic Abnormalities 

Colposcopy of the anus (anoscopy) followed by biopsies appears to be the method of 
choice to confirm cytologic abnormalities (Lacey et al, 1999). 

Value of Anal Cytology 

Anal cytology has now been accepted as a screening tool for anal neoplasia. The sensitivity of 
anal cytology (about 40% to 70% of the lesions, depending on the authors) is much greater 
than its specificity which appears to be about 40%. Palefsky et al (1997) emphasized the need 
for biopsy confirmation of abnormal findings. This suggests that anoscopy and biopsies 
should be performed as a follow-up procedure of cytologic atypias, even in the 
absence of specific cytologic diagnosis (De Ruiter et al, 1994). In one of the early papers 
on this subject, Sonnex et al (1991) compared the effectiveness of cytology, anoscopy, and in 
situ hybridization in the search for evidence of HPV infection and pointed out that anoscopy 
was more effective in the discovery of AIN than cytology. During the intervening years and 
improvement in sample collection, processing and interpretation the results have become more 
reliable. Perhaps the greatest value of anal cytology is in situations when anoscopy is 
negative and cytology is suggestive or diagnostic of a neoplastic lesion. Seven such 
cases were reported by Surawicz et al (1995). 
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Figure 14-16. Squamous cell carcinoma of anus. A,B,C. Anal scrape smear with 
clusters of small cancer cells with large nuclei and prominent nucleoli at increasing 
magnifications from A to C, corresponding to the biopsy shown in D. (Courtesy of Dr. Oscar 
Lin, Memorial Sloan-Kettering Cancer Center, New York, NY.) 



Goldie et al (1999) studied the clinical- and cost-effectiveness of cytologic screening of 
homosexual and bisexual men infected with HIV. They concluded that the procedure is 
beneficial, cost effective, and comparable to other clinical preventive interventions. 
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15 

Tumors of the Ovary and Fallopian Tube 

THE OVARY 

HISTOLOGIC RECALL 

The anatomy of the ovaries was discussed in Chapter 8. Because components of the normal 
ovary may be observed in cytologic preparations, a brief summary of the histology is provided 
(Fig. 15-1). 

The central portion of the ovaries is formed by the hilum, the site of entry of the vascular 
supply and lymphatic drainage. The hilum also contains clusters of large endocrine cells 
with eosinophilic, granular cytoplasm, similar to Leydig cells of the testis, that may contain 
rod-like Reinke's crystalloids. The ovary is surrounded by a surface or germinative 
epithelium. The bulk of the ovary is formed by ovarian stroma. 

The surface epithelium, which is closely related to the mesothelium, is composed of a single 
layer of cuboidal cells with scanty basophilic cytoplasm and spherical nuclei. The surface 
epithelium often forms invaginations into the cortex of the ovary or small cysts. It should be 
noted that cortical cysts may be mistaken for ovarian follicles on ultrasound examination and 
may be incidentally aspirated during the harvest of ova for in vitro fertilization. 

The ovarian stroma is composed of small spindly cells, some of which are capable of 
endocrine function. The superficial part of the ovarian stroma, the cortex, contains ova in 
various stages of maturation. The ova, numerous at birth, are reduced in number in the mature 
ovary and reside in the cortical stroma, where each ovum is surrounded by a single layer of 
epithelial cells, forming a primitive follicle. The maturation of the ova begins at puberty. Under 
the impact of pituitary follicle-stimulating hormone (FSH), a few select follicles begin to 
enlarge. It is not known how and why the selection is taking place. The epithelial cells 
surrounding the ovum begin to multiply, become larger and multilayered, and are named 
granulosa cells. The ovum is separated from the granulosa cells by a homogeneous 
membrane, known as the zona pellucida. As the maturation of the ovum progresses, the 
number of cell layers of the granulosa increase. At the same time stromal cells surrounding the 
ovum become larger and, named theca cells, form a multilayered envelope around the follicle. 

The granulosa and theca cells secrete estrogens that induce the proliferative phase in the 
endometrium (see Chap. 13). As the follicle matures and enlarges, the granulosa cells form a 
cavity filled with a hormone-rich fluid. The ovum, still surrounded by granulosa cells, now 
protrudes into the follicular cavity; 
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the protrusion is named cumulus oophorus (Fig. 15-2A). At this point, the follicle is named 
after the Dutch anatomist who first described it in the 17th century, a follicle of De Graaf or 
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Graafian follicle. The graafian follicles are now visible on the surface of the ovary as small 
protrusions, but normally only one of them will spontaneously rupture and discharge the 
mature ovum together with the follicular fluid into the peritoneal cavity, followed by 
bleeding into the cavity of the follicle. Again, it is not known how and why the single follicle is 
selected. The ovulation takes place under the impact of pituitary luteinizing hormone (LH), 
that also causes enlargement of the granulosa cells that converts the collapsed follicle into a 
large, grossly visible yellow structure, the corpus luteum, that secretes progesterone, 
thus inducing the secretory phase of the endometrium (Fig. 15-2B). The yellow color of the 
corpus luteum is due to a high lipid content of the hormone-producing component cells. The 
discharged ovum is captured by the fimbria of the fallopian tube, pending fertilization by a 
spermatozoon in the lumen of the tube. Unless pregnancy intervenes, the corpus luteum 
undergoes atrophy and fibrosis, resulting in a small white scar [corpus albicans or (plural) 
corpora albicantia] within the cortex of the ovary. If pregnancy occurs, the corpus luteum 
persists, becomes larger, and is known as corpus luteum of pregnancy. 



Cumulus oophorus 




Figure 15-1 Schematic representation of events in ovulation (indicated in arrows) 
from a primitive follicle to formation of corpus albicans (see text). E, epithelium. 
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Figure 15-2 Graafian follicle (A) and corpus luteum ( B ). A. The follicle, lined by 
granulosa cells, contains fluid rich in estrogens. The ovum, still surrounded by a few layers 
of granulosa cells, protrudes into the follicle (cumulus oophorus). The granulosa cells are 
surrounded by layers of modified stromal cells, the theca cells. B. Corpus luteum 
composed of clusters of modified granulosa cells, secreting progesterone. 



METHODS OF INVESTIGATION 

Cervicovaginal Preparations 

In the study of the ovary, cervicovaginal preparations may serve two purposes: 

■ They may contribute to the diagnosis of ovarian tumors that shed recognizable cancer 
cells. 

■ They allow an assessment of the hormonal status of women, bearers of estrogen- 
producing tumors. This method occasionally contributes to the recognition of 
primary or recurrent tumors, particularly of granulosa cell tumors. 

Endometrial Aspirations 

Occasionally ovarian tumors may be recognized in material aspirated from the endometrium. 

The techniques were described in Chapter 13. 

Transvaginal Aspiration for In Vitro Fertilization 

In vitro fertilization requires harvesting ova that are exposed to spermatozoa in vitro and then re- 
implanted into the suitably primed uterus. The ovary is stimulated by hormonal treatment to 
achieve maturation of several ova at the same time. The viable ova are harvested by 
ultrasound-guided transvaginal needle aspirates of maturing Graafian follicles (Fig. 15-3). 

Cytologic examination of the aspirated material is not warranted unless the aspirated 
fluid is discolored or the amount is larger than the normal 2 to 3 ml (Greenebaum et al, 

1992; Yee et al, 1994). When this occurs, it is assumed that either the aspirated follicle 
contained a blighted ovum or that a small cortical ovarian cyst has 
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been aspirated. The main purpose of the cytologic examination is to identify benign or 
malignant cells in cysts, masquerading as follicles. It should be stressed that malignant 
tumors diagnosed during harvesting of ova are vanishingly rare (Greenebaum et al, 

1992; Rubenchik et al, 1996). 
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Figure 15-3 Ovarian puncture device. Automated, springloaded puncture device, with a 
21 -gauge needle attached, used to aspirate ovarian cysts under ultrasound guidance. 
(Drawing courtesy of Dr. Ellen Greenebaum, Columbia University College of Physicians 
and Surgeons, New York, NY.) 



Aspiration Biopsy (FNA) 

The purpose of direct ovarian aspiration is identification of the nature of cystic and solid 
tumors. The procedure can be performed transvaginally under ultrasound guidance or during 
peritoneoscopy. The general principles of the fine needle-syringe aspiration technique, or 
FNA, are discussed in Chapter 28. Initially, ovarian aspirates were performed using equipment 
devised for aspiration of the prostate (see Chap. 33 and Fig. 33-1). Currently, a spring-loaded 
puncture device with a 21 -gauge needle attached to a collection trap is used for transvaginal 
aspirations (Fig. 15-3). For aspirations performed during peritoneoscopy, a small caliber needle 
attached to a syringe may suffice. With the progress in imaging, it is now possible to determine 
in advance whether the ovarian lesion is cystic or solid, or a combination of both. 
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The use of the aspiration technique for the diagnosis of malignant tumors of the ovary 
is highly controversial because of the danger of rupturing the capsule of a cancer, whether 
cystic or solid, and consequent spillage of malignant cells into the peritoneal cavity. The pros 
and contras of this technique have been well summarized by Greenebaum (1996). The 
advantages are a possible early diagnosis of ovarian tumors and avoidance of surgical 
procedures for benign cysts. De Crespigny et al (1989) and Greenebaum (1996) recommended 
that direct aspiration be limited to cystic lesions less than 10 cm in diameter without thick septa 
or solid areas on ultrasound imaging. 

CYTOLOGY OF NORMAL OVARY 

The normal cells that may be recognized in follicular aspirates obtained for purposes of in vitro 
fertilization are: granulosa cells, theca cells, and ova. 

Granulosa Cells 

Granulosa cells may be harvested from follicular cysts either before or after transformation into 
cells of corpus luteum (luteinization). The nonluteinized granulosa cells appear singly or in 
small, sometimes spherical (papillary) clusters, have a scanty eosinophilic cytoplasm and oval 
or bean-shaped nuclei that may show nuclear grooves (Fig. 15-4A). Mitoses may be observed. 

The nuclei are sometimes surprisingly large and hyperchromatic. There is usually a background 
of a few inflammatory cells, small macrophages, and debris. Luteinized granulosa cells are 
larger because of a more abundant, granular cytoplasm. The nuclei are sometimes in an 
eccentric position and are similar to nuclei of nonluteinized cells, except for the presence of 
visible chromocenters or small nucleoli (Fig. 15-4B) (Greenebaum, 1996; Selvaggi, 1996). 

Smears with atypical granulosa cells may sometimes suggest a malignant tumor. The 
nuclei of such cells may be enlarged and granular, with larger nucleoli and may present a 
difficult problem of differential diagnosis. Selvaggi (1991 ) also stressed that the granulosa cell 
lining of some of the follicular cysts may be atypical and difficult to interpret. Knowledge of 
clinical and ultrasonographic data is important in preventing diagnostic errors. Caution 
is advised before the diagnosis of a malignant tumor is made in such samples. In a few 
such follicles, excised for verification of atypical cytologic findings, only benign ovarian 
structures were observed (Dr. Ellen Greenebaum, personal communication, 2003). 

Theca Cells 

The theca cells have not been identified with certainty. Greenebaum et al (1992) assumed that 
some of the smaller granulosa cells may represent luteinized theca cells. Selvaggi (1996) does 
not mention their existence in routine aspirates. 

See Chapter 8 for comments on, and illustrations of, ova. 

OVARIAN TUMORS 

In spite of their modest size, the ovaries are the site of benign proliferative processes and of 
malignant tumors of a bewildering variety of histologic patterns, clinical behavior, and 
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significance. A description and discussion of all of these is beyond the scope of this work, and 
readers are referred to the authoritative reviews of this subject (Cannistra, 1993; Scully et al, 

1998). Only tumors and tumorous conditions that have a cytologic correlation will be discussed 
here. 
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Figure 15-4 Luteinized and nonluteinized granulosa cells. A Granulosa cells, one of 
which with three nuclei, are enlarged and luteinized. The cytoplasm contains pigment of 
unknown nature. B. A sheet of luteinized granulosa cells at high magnification. Note the 
abundant cytoplasm, dark nuclei, and general similarity to small hepatocytes. (Both 
photographs courtesy of Dr. Ellen Greenebaum, Columbia University College of Physicians 
and Surgeons, New York, NY.) 



Tumors of the ovary are classified, on the basis of their origin, into several groups, listed in 
Table 15-1 . From the point of view of diagnostic cytology, the most important are cysts, 
malignant epithelial tumors and tumors with hormonal activity (granulosa and theca cell 
tumors). 



TABLE 15-1 SIMPLIFIED CLASSIFICATION OF OVARIAN TUMORS 



Epithelial tumors 



Tissue of 

origin Benign 



Malignant 



Germinative 
epithelium 
and its 
variants 


Serous cysts 
(cystomas) 


Serous carcinomas, Borderline (low malignant 
potential) serous tumors, Psammocarcinoma 




Mucous cysts 
(cystomas) 


Mucous carcinomas, Borderline tumors 




Endometriosis 

Endometriotic 

cyst 


Endometrioid carcinomas 




Brenner 

tumor 


Malignant Brenner tumor, Clear cell (mesonephric) 
carcinomas 
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Rare types of carcinomas 



Granulosa- 




Granulosa cell tumor 


stroma cells 






Theca- 


Thecoma 


Malignant variant extremely rare 


stroma cells 






Sertoli and 


Hilar cell 


Sertoli-Leydig cell tumors (masculinizing) 


Leydig cells 


tumor 




(ovarian 






equivalent) 






Germ cells 


Benign 


Malignant tumors derived from teratomas 


and 


teratoma 


(carcinomas, carcinoid). Also dysgerminoma, 


embryonal 


(Dermoid 


Gonadoblastoma, Endodermal sinus tumor, Yolk 


structures 


cysts) 


sac tumor (Embryonal carcinoma) 


Gestational 




Choriocarcinoma 


trophoblasts 






Very rare 


See Chapter 




tumors 


17 





Benign Ovarian Cysts 

Benign ovarian cysts are by far the most common tumors of the ovaries. Besides follicular cysts 
resulting from events in ovulation, described above, benign cystic lesions of the ovary include 
small cortical cysts, caused by invagination of the surface epithelium, corpus luteum cysts, 
cysts occurring in endometriosis, and serous or mucinous cysts (cystomas). The 
serous and mucinous cystomas may be monolocular or multilocular and may vary in size from 
tiny cysts, measuring a few millimeters in diameter, to very large cysts up to 20 or even more 
centimeters in diameter. Corpus luteum cysts are formed because of bleeding into the center 
of the corpus luteum. The cortical inclusion cysts, serous cysts, and paraovarian cysts 
are lined by small cuboidal cells, similar to the cells of ovarian epithelium (Fig. 15-5B). The 
mucinous cysts are lined by tall, columnar, mucus-secreting cells, akin to those lining the 
endocervical canal. Occasionally, both types of epithelia may be found side by side. 

Endometriotic cysts are usually formed by bleeding occurring in foci of endometriosis and 
usually contain liquefied blood and hemosiderin-laden macrophages in their center. Endometrial 
glands, sometimes accompanied by scanty endometrial stroma and hemosiderin-laden 
macrophages, are found in the wall of the cyst. 
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Cytology 

Most fluids aspirated from benign ovarian cysts are acellular, as confirmed by Mulvany (1996). 
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The type of such cysts may be sometimes determined by biochemical studies of the aspirated 
fluid (see below). The cytologic evidence of cyst type is usually scanty and the precise type of 
cysts cannot always be determined. The description below is based on relatively few cases of 
benign cysts with diagnostic cellular features. 




Figure 15-5 Ovarian cyst aspirates. A. aspirate from a simple serous cyst showing 
orderly clusters of small cuboidal cells in the background of squamous cells. B. Histologic 
section of the ovarian cyst represented in A C. Aspirate of a paraovarian cyst in a 24-year- 
old woman. The smear shows squamous cells and small cuboidal cells assumed to be 
benign epithelial cyst lining. D. Aspirate of benign ovarian cyst in a young woman. The field 
shows monotonous macrophages. ( AB courtesy of Dr. Ellen Greenebaum, Columbia 
University College of Physicians and Surgeons, New York, NY; D courtesy of Dr. M. 
Zaman, New York Medical College, Valhalla, NY.) 



Cortical Inclusion Cysts and Ovarian or Paraovarian Serous Cysts 

These cysts may shed sheets of small, cuboidal cells with scanty cytoplasm and spherical, 
granular nuclei (Fig. 15-5A-C). Ciliated epithelial cells and ciliated cell fragments (ciliated 
bodies), are sometimes observed. Rivasi et al (1993) observed such cells in nearly 10% of 
aspirates from 320 ovarian cysts. Calcified debris or psammoma bodies may be present. For an 
extensive discussion of psammoma bodies, see below. 

Greenebaum (1994) reported a case of a benign serous cyst with isolated, markedly atypical 
lining cells with large nuclei and a nondiploid DNA histogram. Occasionally the cyst fluid 
contains numerous macrophages (Fig. 15-5D). 

Corpus Luteum Cysts 

The aspirates from corpus luteum cysts may contain old, liquefied blood and foam cells 
(macrophages) and may be 
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difficult to distinguish from the contents of an endometriotic cyst (see below). The aspirates may 
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also contain large, luteinized granulosa cells. As has been noted above, such cells may be 
quite atypical because of large nuclei and nucleoli and may be confused with cancer cells. In a 
case reported by Burke et al (1997), the corpus luteum cyst occurred in an ovarian remnant 
after total abdominal hysterectomy and oophorectomy; the luteinized cells were mistaken for 
cancer cells. 



Cysts of Unknown Derivation 

In a personally observed case, the fluid from a benign cyst in a 17-year-old patient contained 
cells and cell clusters closely resembling normal urothelium, particularly multinucleated 
large cells resembling the superficial urothelial umbrella cells (Fig. 15-6AB). It is possible, 
although unproven, that this cyst was related to a Brenner tumor (see below). The cyst also 
contained crystalline structures of unknown significance (Fig. 15-6C). 

Mucinous Cysts 

These may be occasionally recognized because of the presence of columnar, mucus-containing 
cells with small, basally located nuclei, similar to endocervical cells. The differential diagnosis 
between a benign mucinous cyst and a mucinous carcinoma (see below) may be impossible on 
cytologic evidence alone. 

Endometriosis of the Ovary 

Endometriosis is characterized by the presence of old, liquefied blood, hemosiderin- 
containing macrophages, and clusters of poorly preserved cuboidal epithelial cells of 
endometrial type. Endometrial stromal cells are very rarely seen. 

Biochemical Studies of Fluids From Ovarian Cysts 

Biochemical studies of acellular or cellular fluids aspirated from ovarian cysts may sometimes 
provide additional information on the nature of the cysts. Thus, estradiol-1 7p is elevated in 
follicle cysts but not in other cysts (Geier and Strecker, 1981; Mulvany et al, 1995, 1996; 
Greenebaum, 1996). The antibody to the antigen CA125 may be elevated in a variety of benign 
and malignant lesions of the ovary. Carcinoembryonic antigen (CEA) may be elevated in 
mucinous ovarian tumors and in metastatic carcinomas of colonic origin (Pinto et al, 1990). 




Figure 15-6 Ovarian cyst in a 17-year-old woman with lining suggestive of 
urothelial origin. A. Several clusters of fairly large epithelial cells with one flat surface. B. 
Multinucleated epithelial cells, closely resembling umbrella cells of urothelial origin (see 
Chapter 22). 
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Endosalpingiosis 

Strictly speaking, endosalpingiosis is not an ovarian disease. It is described here because of 

its important role in the diagnosis and differential diagnosis of ovarian tumors. 

Endosalpingiosis, a term first suggested by Sampson (1930), is defined as the presence of 
multiple glandular cystic inclusions on the surface of the ovary, fallopian tubes, uterine 
serosa, and elsewhere in the pelvic peritoneum, omentum and even in pelvic lymph 
nodes. Clement and Young (1999) described a rare form of endosalpingiosis with tumor- 
like masses, involving the uterus and rectum. 

The cysts are lined by cuboidal or columnar epithelial cells, some of which are ciliated. Contrary 
to endometriosis, the cysts show no evidence of bleeding. Endometrial stromal cells are absent. 

The most important aspect of endosalpingiosis is the presence within the cysts of numerous, 
concentrically calcified, approximately spherical structures, known as psammoma bodies (Fig. 

15-7). In the presence of pelvic endosalpingiosis, psammoma bodies may also be 
observed in the endometrium and the endocervix. It is not clear whether this phenomenon 
represents a transfer of psammoma bodies from the pelvic peritoneum to the uterus or 
represents “burned-out” foci of endosalpingiosis in this location. In such cases, psammoma 
bodies may be observed in cervicovaginal samples. 

In the absence of an ovarian tumor, endosalpingiosis is a benign disorder; in the 

presence of an ovarian tumor, the possibility of metastases must be ruled out. For example, in 
16 cases of endosalpingiosis, described by Zinsser and Wheeler (1982), there were four 
ovarian tumors that could have been a source of metastases. The significance of psammoma 
bodies in cytologic material is discussed below in reference to ovarian cancer and, in Chapter 
16, to peritoneal 
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lavage. It must be noted that calcified deposits resembling psammoma bodies may also occur 
as an isolated event in fallopian tubes and the endometrium (Fig. 15-8). 




Figure 15-7 Endosalpingiosis. A Cyst lined with ciliated cells and containing calcified 
psammoma bodies on the surface of the fallopian tube. B. Fragment of endometriotic cyst 
with psammoma bodies in peritoneal wash specimen. 



Primary Carcinomas 
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Epidemiology and Risk Factors 

Cancer of the ovary is second only to carcinoma of the breast as cause of deaths among 
American women, with 23,100 new cases and 14,000 deaths projected for the year 2000 
(Greenlee et al, 2000). The very high mortality from ovarian cancer reflects the dissemination of 
the tumor at the time of the diagnosis because of absence of symptoms in the early stages of 
the disease (Cannistra, 1993). The disease occurs mainly in women past the age of 40 with 
median age of 58 at the time of diagnosis. The overall 5-year survival rate is only 40% and is 
stage dependent. Staging of ovarian carcinomas is shown in Table 15-2. Stage I disease 
(confined to one ovary) offers a much higher survival rate than stage II to IV disease, the higher 
stages reflecting the degree of spread of cancer beyond the ovary of origin. 

Various epidemiologic risk factors related to obstetrical, endocrine, and gynecologic events 
have been explored, none with conclusive results (Runnebaumand Stickeler, 2001). However, 
mutations in breast cancer genes BRCA1 and BRCA2 constitute a high risk factor for 
familial ovarian carcinomas. The risk in women with BRCA1 mutations is the extraordinary 45% 
whereas for BRCA2 mutations, it is about 25% (summary in Runnebaum and Stickeler 2001). 
Ovarian cancers associated with BRCA1 mutation appear to have a more favorable clinical 
course when compared with sporadic cancers (Rubin et al, 1996). The presence of intratumoral 
T cells is apparently related to better survival (Zhang et al, 2003). It is of note that oral 
contraceptives may reduce the risk of ovarian cancer in these women (Narod et al, 1998). 
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Figure 15-8 Psammoma bodies in normal organs of the female genital tract. A. In 

endometrium. B. In fallopian tube. The finding in B is sometimes described as salpingolith. 



Prophylactic salpingo-oophorectomy in women with BRCA1 or BRCA2 mutations repeatedly 
revealed small, occult ovarian cancers and other benign epithelial abnormalities (Salazar et al, 
1996; Kauff et al, 2002; Staler, 2002). Occult carcinomas of the fallopian tubes and the 
peritoneum also came to light in such studies. Agoff et al (2002) and Staler (2002) 
emphasized the diagnostic value of peritoneal lavage in such patients (see Chap. 16). 
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An added advantage of prophylactic salpingo-oophorectomy appears to be a reduction in 
breast cancer (Kauff et al, 2002). 



Early detection of ovarian carcinoma may conceivably improve the prognostic outlook. The 
current status of efforts toward early detection of ovarian cancer are summarized at the end of 
this chapter. 
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Classification 

As shown in Table 15-1, the principal groups of ovarian carcinomas are: 

■ Serous carcinomas 

■ Mucin-producing carcinomas 

■ Endometrioid carcinomas 

All these tumors may be cystic, solid, or a combination of the two presentations. Not 
uncommonly, the tumors involve both ovaries simultaneously. 

Histology 
Serous Carcinomas 

These tumors usually originate from ovarian cysts lined by markedly atypical cuboidal 
epithelium that often forms papillary projections. The gland-forming tumors may range from 
borderline types, of relatively low malignant potential, to highly malignant, nearly solid tumors 
capable of distant metastases (Figs. 15-9B,D and 15-10D). A characteristic feature of these 
tumors is the formation of calcified psammoma bodies (calcospherites). Their diagnostic 
significance is discussed below. Similar primary tumors may occur in the peritoneum (see 
Chap. 26). Acase of a peritoneal serous carcinoma in a patient with BRCA1 gene mutation 
was reported by Agoff et al (2002). 



TABLE 15-2 STAGING OF PRIMARY CARCINOMA OF THE OVARY (FIGO)* 



Stage 



I Growth limited to the ovaries 

la Growth limited to one ovary; no ascites; no tumor on the external surface; 
capsule intact 

lb Growth limited to both ovaries; no ascites; no tumor on the external 
surfaces; capsules intact 

l c f Tumor either stage la or lb, but with (1) tumor on surface of one or both 
ovaries or (2) capsule(s) ruptured or (3) ascites present containing 
malignant cells or (4) positive peritoneal washings 

II Growth involving one or both ovaries with pelvic extension 

lla Extension and/or metastases to the uterus and/or tubes 

lib Extension to other pelvic tissues 
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H C t Tumor either stage lla or lib, but with (1) tumor on surface of one or both 
ovaries or (2) capsule(s) ruptured or (3) ascites present containing 
malignant cells or (4) positive peritoneal washings 

III Tumor involving one or both ovaries with peritoneal implants outside the pelvis 
and/or positive retroperitoneal or inguinal nodes (superficial liver metastasis 
equals stage III); tumor is limited to the true pelvis, but with histologically proven 
malignant extension to small bowel or omentum 

Ilia Tumor grossly limited to the true pelvis with negative nodes but with 
histologically confirmed microscopic seeding of abdominal peritoneal 
surfaces 

lllb Tumor of one or both ovaries with histologically confirmed implants of 
abdominal peritoneal surfaces, none exceeding 2 cm in diameter; nodes 
are negative 

lllc Abdominal implants > 2 cm in diameter and/or positive retroperitoneal or 
inguinal nodes 

IV Growth involving one or both ovaries with distant metastases; if pleural effusion 
is present, there must be positive cytology to allot a case to stage IV 
(parenchymal liver metastasis equals stage IV) 



* 

Based on findings at clinical examination and/or surgical exploration. The histology is 
to be considered in the staging, as is cytology as far as effusions are concerned. It is 
desirable that a biopsy be taken from suspicious areas outside of the pelvis. 

To evaluate the impact on prognosis of the different criteria for allotting cases to 
stage Ic or lie, it would be of value to know: (1 ) if rupture of the capsule was (a) 
spontaneous or (b) caused by the surgeon, or (2) if the source of malignant cells 
detected was (a) peritoneal washings or (b) ascites. (From McGowan L. Peritoneal 
fluid washings [letter to editor], Acta Cytol 33:414-415, 1989.) 



Borderline Serous Tumors 

This is a well-differentiated variant of papillary serous adenocarcinoma, with orderly epithelium, 
resembling vaguely the histologic structure of the fallopian tube. Such tumors were previously 
classified as endosalpingiomas but today the preferred term is “borderline serous tumors” 
or serous tumors of “low malignant potential” (Fig. 15-11). 

Separation of borderline serous tumors from serous carcinomas is the subject for a 
considerable debate (Scully et al, 1998; Prat, 1999). In general, the borderline tumors are 
composed of cysts and well-differentiated papillary structures lined by one or two layers of 
uniform cuboidal or columnar cells, that do not invade either the stroma of the tumor or the 
adjacent ovary. The prognosis of the tumor is usually very good with long-term survival of about 
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90%, although late recurrences may be observed. 

Afairly common event in these tumors is the presence of tumor deposits or “implants” on the 
serosal surfaces of adjacent organs, the peritoneum and the omentum. The deposits are 
classified as either invasive or noninvasive. In the invasive deposits, there is obvious spread 
of the tumor cells to the adjacent fat or connective tissue. In the noninvasive 
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deposits, the tumor nodules are circumscribed implants on serosal surfaces. The nature of the 
deposits is enigmatic and many of them may represent synchronous primary events in the 
serosal surfaces rather than true metastases. Seidman et al (2002) explored the possibility that 
the “implants” may be somehow related to chronic salpingitis with psammoma bodies, named 
salpingoliths. The deposits may contain numerous psammoma bodies that may be either 
sparse or absent in the primary tumor. In any event, the prognosis of borderline serous tumors 
is much less favorable if the serosal deposits are invasive (summary in Prat, 1999). The same 
observation pertains to tumor deposits in regional, usually paraortic, lymph nodes. Many 
of these deposits are probably benign glandular inclusions of no prognostic significance but 
some represent real metastases (Prade et al, 1995; Moore et al, 2000). 




Figure 15-9 Ovarian serous carcinoma in cervicovaginal smears. AC. large compact 
papillary clusters of tightly packed large malignant cells corresponding to the ovarian 
serous carcinomas shown in B and D. 



Psam m ocarci nom as 

A group of serous carcinomas exceptionally rich in calcified psammoma bodies has been 
identified as tumors with better prognosis than the common serous cancer and named 
psammocarcinomas (Gilks et al, 1990). My old chief, Dr. Fred Stewart, believed that 
psammocarci nomas may be selfhealing or “burnt out,” serous carcinomas, leaving behind 
collections of psammoma bodies. The tumor may be related to endosalpingiosis, described 
above. 
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Peritoneal Mimickers of Ovarian Serous Carcinomas 

It has also been observed that tumors mimicking ovarian serous carcinomas may 
originate in the peritoneum. Various names have been applied to this group of rare tumors: 
peritoneal papillary serous carcinoma, multifocal extraovarian serous carcinoma, and 
serous surface papillary carcinoma (review in Mills et al, 1988). Borderline lesions of this 
type may also occur (Bell and Scully, 1990). The survival of patients is very poor, probably 
because these rare tumors are disseminated at the time of diagnosis. The cytologic 
presentation of such tumors in fluids is similar to that of primary ovarian tumors (see Fig. 16-8). 

Mucin-Producing (Mucinous) Carcinomas 

These tumors usually originate in ovarian cysts and are usually multiloculated. The mucinous 
tumors may reach very large sizes and their surgical removal with intact capsule should be 
curative of the disease. Usually, the epithelial lining resembles intestinal epithelium rich in 
goblet cells, occasionally containing Paneth cells. In some tumors, the epithelial lining 
resembles the endocervical epithelium in the form of tall, columnar, mucus-producing 
cells with relatively small, spherical, basally-placed nuclei. The number of cell layers 
and level of nuclear abnormalities are the criteria of separation between the benign, 
borderline 
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or fully malignant tumors but are not always valid (Fig. 15-12). 




Figure 15-10 Ovarian serous carcinoma in cervicovaginal material. A. A cluster of 
malignant cells of variable sizes corresponding to a poorly differentiated serous carcinoma 
of the ovary. This presentation is unusual and not characteristic of ovarian tumors. B,C. 
Psammoma bodies in vaginal smears in the presence of serous carcinoma of the ovary 
shown in D. Note that the psammoma body shown in B is surrounded by large malignant 
cells. In C, the psammoma body occurred in a papillary cluster of malignant cells. D. 
Serous carcinoma of the ovary showing numerous psammoma bodies. 



The mucinous tumors, even with a low grade of nuclear abnormality, may spread to the 
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abdominal cavity, particularly if inadvertently ruptured during removal or sampling. The 
characteristic pattern of spread of the tumors is on the surfaces of abdominal viscera, 
particularly the omentum and the intestinal serosa. The resulting lesion is accompanied by 
ascites, is akin to pseudomyxoma peritonei, described in Chapter 26, and does not respond 
to treatment. It has been shown that similar tumors may synchronously occur in the 
appendix and may be the source of peritoneal spread (Young et al, 1991). Molecular evidence 
suggests that most pseudomyxomas are of appendiceal origin (Szych et al, 1999). Mural 
nodules, that may have the configuration of poorly differentiated sarcomas, may be observed 
in the wall of mucinous tumors. 

Borderline Mucinous Tumors 

This is a poorly defined group of ovarian neoplasms characterized by focal nuclear 
abnormalities in the multilayered lining of multiloculated mucinous cystic tumors (Fig. 15-12C). 

Their behavior depends on the preservation of their capsule. Late recurrences have been 
observed (summary in Prat, 1999). Peritoneal implants may also be observed in such tumors. 

Endometrioid Carcinomas 

These tumors are presumably derived from areas of endometriosis, although this origin is often 
difficult to prove. Histologically, the tumors resemble endometrial carcinomas in all their 
various forms (see Chap. 13). Squamous differentiation within the tumor is common, and it 
may range from small foci with squamoid features (adenoacanthoma) to tumors with a poorly 
differentiated squamous component (adenosquamous carcinoma). While glandular features 
are usually present, solidly growing tumors may occur. Synchronous occurrence of the ovarian 
tumors of this type with endometrial carcinomas has been repeatedly observed. 

Rare Types of Ovarian Carcinoma 

Tumors resembling the so-called clear cell carcinomas of the cervix and vagina (see Chaps. 

11 and 14) are well known and are sometimes still referred to as “mesonephric” tumors. 

Small cell carcinoma is a rare tumor resembling oat cell carcinoma of the lung (Dickersin et 
al, 1982; Eichhorn et al, 1992). In about two-thirds of the cases, there is an elevation 
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of serum calcium (hypercalcemia). Young et al (1994) stressed that the differential 
diagnosis of these tumors includes granulosa cell tumor and an ovarian involvement by 
abdominal small round cell desmoplastic tumor, discussed in Chapter 26. 
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Figure 15-11 Borderline serous tumor of ovary in a 50-year-old woman. A. Atightly 
packed cluster of small malignant cells containing a large psammoma body. B. Gross 
appearance of the ovaries upon removal. Note tumor growth on the surface of the ovary. 
C. Avery well differentiated borderline serous tumor of ovary. D. The tumor has spread to 
the adjacent omentum which shows numerous psammoma bodies. After removal of the 
ovaries and the omentum, the patient was free of disease for 10 subsequent years. (Case 
courtesy of Dr. Short, Chicago, IL.) 



Carcinomas originating in ovarian teratomas are predominantly of squamous type. 
Malignant carcinoids and thyroid carcinomas can also occur in teratomas (Baker et al, 
2001). Ovarian squamous cancers not occurring in teratomas are rare (Pins et al, 1996). 
Yolk sac (or endodermal sinus tumors) and embryonal carcinomas of the ovary occur 
mainly in children and young adolescents. Malignant tumors with hormonal activity are 
described below. 

Tumors of mesothelial lining of the ovary (ovarian mesotheliomas) are discussed in Chapter 
26. 

Cytology 

Cervicovaginal Samples and Endometrial Aspirations 

In about 20% to 30% of patients with advanced ovarian carcinoma, regardless of histologic 
type, malignant cells may be observed in cervicovaginal preparations and occasionally in 
endocervical and endometrial aspirates (Jobo et al, 1999). Conversely, the presence of ovarian 
cancer cells in cervicovaginal smears usually, but not always, indicates advanced disease. The 
cancer cells may be derived from a primary tumor, via the fallopian tubes and the endometrial 
cavity, but may also reflect metastatic foci either within the endometrial cavity or in the vagina. 

When seen in cervicovaginal smears or in endometrial aspirates, the tumor cells of nearly all 
ovarian cancers form clusters, often of papillary configuration, made up of large 
malignant cells with prominent, large nuclei, containing multiple, often large, irregular 
nucleoli (see Fig. 15-9). Single, usually large cancer cells with hyperchromatic nuclei 
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containing large nucleoli may also be observed (see Fig. 15-10A). Cytoplasmic vacuoles are 
fairly common but may be the dominant feature of cells derived from the relatively 
uncommon mucinous cystadenocarcinomas (see Fig. 15-12A). The latter may also shed 
cells of columnar configuration. As a general rule, cancer cells of ovarian origin are larger 
than cells of endometrial origin, but there are exceptions. The exact identification of 
histologic type of carcinoma in cytologic material is not always easy. 
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The most helpful hint is offered by psammoma bodies, concentrically calcified, spherical 
structures of various sizes. 




Figure 15-12 Mucinous adenocarcinoma and mucinous borderline tumor with 
recurrence. A. Direct aspirate of a mucinous cystadenocarcinoma of the ovary showing, 
at its periphery, tall, columnar, mucus-producing cells. B. The ovarian tumor corresponding 
to A C. Borderline mucinous tumor of ovary in a 38-year-old woman observed in 1985. D. 
A cell block of an aspirated cul-de-sac nodule of the same patient in 1995. The nodule, 
with malignant features, retains some resemblance to the original mucinous tumor. 



Psammoma bodies are commonly found in serous carcinoma of the ovary, less commonly 
in the borderline serous tumors, very rarely in endometrioid carcinomas, and practically 
never in mucous tumors. It must be noted that primary endometrial carcinomas may 
occasionally form psammoma bodies (see Chap. 13). 

When observed in cytologic preparations, psammoma bodies either are accompanied by cancer 
cells or are found isolated. In high-grade serous carcinomas, the psammoma bodies are 
usually accompanied by readily identifiable large cancer cells, as described above (see Fig. 
15-1 OB, C). In such cases, there are usually no problems of cancer identification. In borderline 
serous tumors, the cells accompanying the psammoma bodies are smaller and are 
arrayed in tightly packed papillary clusters (see Fig. 15-11A). The number of cells in such 
clusters is very variable, ranging from a few to several hundred. The nuclear abnormalities are 
relatively inconspicuous, and the nucleoli are small. The finding of psammoma bodies 
accompanied by cancer cells is suggestive of tumor spread beyond the ovary, even in the 
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absence of clinical symptoms. 

Endosalpingiosis is the most important entity in the differential diagnosis of serous 
ovarian carcinomas with which it shares the presence of numerous psammoma bodies 
in cervicovaginal smears and other cytologic preparations (see Fig. 15-7). In this 
condition, the psammoma bodies are either isolated or sometimes accompanied by a few small 
epithelial cells. These rare events may cause a great deal of diagnostic difficulty because they 
mandate a search for an ovarian carcinoma. Kern (1991), on review of nearly 10,000 
cervicovaginal smears, noted that the presence of psammoma bodies was more common in 
benign conditions (i.e., endosalpingiosis) than in ovarian carcinoma. In a more recent 
study, Parkash and Chacho (2002) observed that over one half (11 of 20) of cervicovaginal 
smears containing psammoma bodies came from patients without cancer. Also, calcified 
fragments of lUDs, some mimicking psammoma bodies, have been observed in 
patients wearing intrauterine contraceptive devices (see Chap. 10), but the fragments are 
usually small and unstructured, lack the characteristic concentric lamination and are not 
accompanied by cancer cells. They may, however, be surrounded by macrophages. 

Still, the presence of psammoma bodies in a cervicovaginal preparation or in an 
endocervical or endometrial aspiration, particularly in the absence of an intrauterine 
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contraceptive device, calls for a thorough investigation of the female genital tract to 
rule out a malignant tumor, most likely of ovarian origin. For a discussion of psammoma 
bodies and calcified debris in peritoneal washings, see Chapter 16. 

Takashina et al (1988) compared the performance of cervicovaginal smears and 
endometrial aspirates in 114 patients with clinically documented ovarian cancer of various 
types and stages. The cervicovaginal smears were positive in 19% of the patients. Cancer cells 
were also found in 13 of 31 (42%) endometrial aspiration smears. The presence of ascitic fluid 
increased the rate of positive smears. Jobo et al (1999) confirmed that satisfactory 
endometrial aspirations provided diagnostic material in about 25% of 210 patients with 
ovarian cancer. The results were stage dependent: the smears were diagnostic of cancer in 
3.9% for stage I tumors and over 50% in stage IV. It is of incidental interest that two occult 
ovarian serous adenocarcinomas were also observed by us during the search for occult 
endometrial cancer (see Chap. 13 and Fig. 15-10C.D). In both instances, the cancer cells were 
identified in vaginal pool smears and in direct endometrial samples. 

Direct Needle Aspirates (FNA) of Ovaries 

The methods of aspiration were discussed above. Direct aspirates from ovarian carcinomas 
are, as a rule, richer in cells than are aspirates from benign epithelial tumors. The cytologic 
recognition of a malignant tumor is usually not difficult. Even in well-differentiated types of 
carcinoma, the smeared aspirate contains approximately spherical (papillary) groups of 
cancer cells, often with characteristic nuclear features, such as enlargement and 
hyperchromasia, large nucleoli, and thickening of the nuclear membrane (Fig. 15-13). In 
serous adenocarcinoma, the cells may form a monolayer, but such a finding is insufficient for 
a reliable distinction between a serous and endometrioid carcinoma. Psammoma bodies are 
rarely seen in direct aspirates. Mucinous ovarian carcinoma may be recognized by the 
presence of mucus-producing columnar cells embedded in masses of mucus (see Fig. 

15-11 A). Clear cell adenocarcinomas may resemble clear cell adenocarcinoma of the kidney 
(see Chap. 40). 
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Figure 15-13 Direct aspirates of ovarian serous carcinomas. A,B. The sample was 
obtained by direct aspirate of an ovarian mass. It shows large clusters of malignant cells. 
C,D. Aspirate of a vaginal nodule in a patient with previously treated serous ovarian 
carcinoma. C. Clusters of malignant cells. In D, the malignant cells are dispersed and show 
fairly abundant cytoplasm and mitotic activity. 



In serous lesions of “borderline malignancy,” the needle aspirates usually are more cellular 
than in benign cystomas, often forming large flat clusters of well-adhering cells with only 
slight nuclear enlargement and minimal hyperchromasia. 

The accuracy of aspiration biopsy cytologic diagnosis in patients with ovarian 
enlargement or cancer was reported by Kjellgren and Angstrom (1971, 1979), Geier et al 
(1975), Nadji et al (1979), and Geier and Strecker (1981). In these reports, ovarian cancer was 
accurately identified in 
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approximately 85% to 90% of cases. The proportion of false-positive cytologic reports in 
histologically benign lesions varied from 0% to about 5%. None of these authors reported on 
spread of tumor cells after the procedure. The caveats pertaining to this method of diagnosis of 
ovarian tumors were discussed above. 

Tumors With Hormonal Activity 

Theca and granulosa cell tumors, or a combination thereof, usually originate in cells forming 
ovarian follicles. It is quite likely that at least some of them originate in the ovarian stroma. 

These tumors may occur in all age groups, although they are uncommon in children. Theca 
cell tumors are grossly solid and hard and are made up of bundles of elongated, spindly cells 
resembling fibroblasts. The tumor is rich in cholesterol and other fats, which usually gives it a 
yellowish hue on section. Theca cell tumors are benign with very rare exceptions (Yang and 
Mesia, 1999). Granulosa cell tumors, which may be either benign or malignant, are generally 
soft and fleshy and have a number of different histologic patterns. These tumors are principally 
composed of small or medium-sized cells forming nests or sheets and sometimes rosette-like 
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clusters resembling primitive follicles, known as the Call-Exner bodies. Nuclear folds or 
“grooves” are commonly observed in these tumors. Many uncommon histologic variants of this 
tumor have been recognized (Scully et al, 1998). Granulosa-theca cell tumors show a 
combination of both tumor types. 

Most, although not all, of these tumors have marked hormonal activity, usually of estrogenic 
type. Occasional cases of masculinization have also been recorded with these tumors, hence a 
testosterone-like metabolic pathway may occur. The estrogenic function of the theca and 
granulosa cell tumors may be reflected in the morphology of the endometrium and in the 
squamous epithelium of the vagina and the cervix. Endometrial hyperplasia and 
endometrial carcinoma are known complications of these tumors, as discussed in Chapter 
13. 

Cytology 

Cervicovaginal Smears 
Hormonal Patterns. 

The cytologic identification of the hormonal effect on the squamous epithelium depends on the 
age of the patient. In a woman of childbearing age, it is extremely difficult to detect increased 
estrogenic effect on a single vaginal smear. However, if serial smears, as described in Chapter 
9, show a consistent preovulatory (estrogenic) pattern, an abnormality of the estrogen output 
may be suspected. In children and in postmenopausal women, the presence of a very high 
level of maturation of squamous cells in a vaginal smear is suggestive of an abnormal 
estrogen activity, which may be caused by an estrogen-producing ovarian tumor. 

Granulosa and granulosa-theca cell tumors have an unpredictable behavior and may 
recur and even metastasize, sometimes several years after the removal of the primary lesion. 

The recurrent tumors may also be estrogen producers and may be heralded by an 
estrogenic smear pattern, which is particularly evident in postmenopausal women (Fig. 15- 
MAC). On rare occasions, other ovarian tumors such as mucinous cystadenoma, may also 
show luteinization of ovarian stromal cells and have an estrogenic effect on smears. 

Masculinizing tumors of the ovary (Sertoli and Leydig cell tumors, hilar cell tumors, 
gonadoblastomas) have occasionally been recorded as suppressing the maturation of 
squamous epithelium, resulting in low estrogenic level in smears during the childbearing age 
(Rakoff, 1961). 

Tumor Cells. 

In rare cases of malignant granulosa cell tumors with disseminated metastases, malignant 
cells of variable sizes with scanty cytoplasm and hyperchromatic nuclei with fairly large nucleoli 
have been observed in cervicovaginal smears. In the absence of history or clinical data, the 
precise classification of the tumor cannot be established. 

Aspiration Biopsy (FNA) 

Needle biopsy usually yields preponderantly granulosa cells. Granulosa cells appear in smears 
in variable-sized clusters of medium-sized cells with granular cytoplasm and 
monomorphic, coffee-bean shaped oval nuclei, with inconspicuous nucleoli (Fig. 15- 
15D). Nuclear “grooves” are common and have been repeatedly reported in metastatic 
granulosa cell tumors (Ehya, 1986; Ali, 1998; Thirumala et al, 1998). Zajicek observed that the 
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presence of mitotic figures is suggestive of a malignant variant of the tumor. 

Yang and Mesia (1999) reported a case of an extremely rare malignant fibrothecoma of 
ovary. The aspiration biopsy smears disclosed tightly packed small cells with uniform nuclei, 
diagnosed as “low-grade neoplasm.” 

Germ Cell Tumors 
Benign Germ Cell Tumors 
Benign Teratomas 

Benign germ cell tumors are ovarian teratomas, also known as dermoid cysts. The tumors, 
usually observed in young women, are often bulky and composed of a variety of tissues 
derived from two or three embryonal layers, including skin and its appendages which are 
often the dominant component (hence the name dermoid cyst), brain tissue, gut, lung, thyroid 
etc. So-called monomorphic teratomas contain only one tissue type, such as the thyroid 
(struma ovarii). 

Cells derived from benign teratomas have never been observed in routine cervicovaginal 
material. The diagnosis may be established or suspected in direct aspirates. 

The aspirates of dermoid cysts usually contain smelly amorphous matter (sebum) mixed 
with squamous epithelial cells and inflammatory cells, including foreign body giant 
cells. Equally characteristic is the presence of hairs, provided that contamination of the smear 
by skin hair can be ruled out (Kjellgren and Angstrom, 1979). The presence of columnar 
epithelial cells of respiratory or intestinal type is also indicative of a benign teratoma. 

Occasionally, unusual cells may be found in aspirates. Thus, Mulvany and Allan (1996) reported 
the presence of orderly clusters of choroidal cells in an aspirate from an ependymal cyst 
developing in a mature teratoma (Fig. 15-15). Canda et al (2001) reported the presence of 
Curshmann's spirals in fluid aspirated from a dermoid cyst, lined by bronchial epithelium. For 
further comments on Curshmann's spirals, see Chapters 10, 19, and 25. 
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Figure 15-14 Granulosa cell tumor. A-C. From the same case. A Shows the original 
typical granulosa cell tumor removed at the age of 50. B. Five years later, the patient 
showed a remarkably high level of squamous cell maturation (high estrogen level) in her 
vaginal smear. Active search for recurrent granulosa cell tumor led to the discovery of a 
small metastatic nodule shown in C. D. Direct aspirate of a metastatic granulosa cell tumor. 

In this photograph at high magnification, the cells form a gland-like structure corresponding 
to a Call-Exner body. The large nuclei of the tumor show nuclear folds or creases. ( D 
courtesy of Dr. Hormoz Ehya, Fox Chase Cancer Center, Philadelphia, PA.) 




Figure 15-15 Teratoma of ovary showing clusters of choroid plexus cells in cyst 
aspirate (A). The corresponding tissue pattern in the resected teratomatous cyst is shown 
in B. (Photos courtesy of Dr. N. J. Mulvaney, Traralgon, Victoria, Australia.) 
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Sex Cord Tumor with Annular Tubules 

Another benign ovarian tumor with cytologic implications is the rare ovarian sex cord tumor with 
annular tubules, observed in Peutz-Jeghers syndrome. The association of this tumor with 
endocervical adenocarcinoma of the adenoma malignum type has been noted (Young et 
al, 1982; Szyfelbein et al, 1984; see Chap. 12). 

Hirschman et al (1998) described the cytologic features of this rare neoplasm in peritoneal 
washings in a most unusual case of ruptured tumor. The tumor was characterized by cellular 
tubular structures and absence of single tumor cells. 

Malignant Germ Cell Tumors 
Brenner Tumor 

These tumors, composed of nests of epithelial cells resembling the urothelium 
(transitional epithelium) and mucinous cysts, may be benign or malignant. We have no 
experience with the cytologic patterns of these tumors. However, we observed cells suggestive 
of urothelial origin in an ovarian cyst, illustrated in Figure 15-6. Because the cyst was not 
excised, the exact derivation of these cells could not be established. 
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Figure 15-16 Embryonal carcinoma of ovary. AB. The tumor in cervicovaginal smears 
was characterized by small cancer cells, singly and in papillary clusters, suggestive of an 
adenocarcinoma. C. Yolk sac tumor of ovary. High magnification to show hyaline body 
(arrow) adjacent to a cluster of tumor cells. ( C courtesy of Dr. Hormoz Ehya, Fox Chase 
Cancer Center, Philadelphia, PA) 



Dysgerminoma 

The tumors resemble seminomas of testis and are composed of sheets of large cancer 
cells in a background rich in lymphocytes. The cells of this tumor are approximately 
spherical and are provided with pale nuclei with single large nucleoli. The cytologic 
presentation in needle aspirates corresponds to that of seminoma in the testis. Hees et al 
(1991) emphasized the presence of a striated “tigroid” background in the air-dried MGG- 
stained smears, representing cell debris, a feature also characteristic of germ cell tumors of 
testis (see Chap. 33 and Fig. 33-19). 

Malignant Teratoma 

Malignant teratomas of the ovary are exceedingly rare. The malignant component may be made 
up of undifferentiated small malignant cells, resembling neuroblastoma. In rare cases, a 
carcinoid or a carcinoma, most often of squamous type, rarely of thyroid type, may arise in 
a dermoid cyst. Baker et al (2001) reported the presence of mucin-producing carcinoids in 
teratomas. There is no record of such cases in the cytologic literature. 

Embryonal Carcinoma 

We observed one instance of the highly malignant embryonal adenocarcinoma in 
cervicovaginal smears from a 15-year-old girl. The tumor shed small malignant cells with 
prominent nucleoli, either singly or in papillary clusters. The 



smear pattern was suggestive of an adenocarcinoma (Fig. 15-16A,B). Other rare tumors are 
discussed in Chapter 17. 



A 
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Yolk Sac Tumor (Endodermal Sinus Tumor) 

This is an uncommon, highly malignant tumor of ovaries occurring in children and young 
people. The tumors may be primary in the ovary, testis, or the sacrococcygeal region. The 
tumor is histologically characterized by a loose network of cells wherein one finds solid nests of 
cells and the so-called Schiller-Duval bodies, papillary structures lined by columnar cells, 
centered around a fibrovascular core containing a single vessel (Yang, 2000). Eosinophilic, 
periodic acid-Schiff (PAS) positive, spherical hyaline bodies are commonly found in the 
cytoplasm of the tumor cells (Fig. 15-16C). Although the tumors produce a-fetoprotein, the 
hyaline bodies are not immunoreactive with the specific antigen because they represent 
electron-dense granules of not further specified nature. Because, in most cases, the tumors are 
advanced at the time of diagnosis, they are recognized in ascitic fluid or in aspirates of 
metastases. Clusters of epithelial cells containing the characteristic hyaline cytoplasmic 
inclusions (which may also appear as isolated hyaline structures) allow the precise diagnosis 
of these tumors (Morimoto et al, 1981; Kapila et al, 1983, Roncalli et al, 1988; Dominguez- 
Franjo et al, 1993; Mizrak and Elkinci, 1995). 

DNA Analysis of Ovarian Tumors 

It has been shown by several observers that common ovarian cancers have a better prognosis 
if their DNA content measured by flow cytometry is within the diploid range (Atkin, 1984; 
Friedlander et al, 1984; Iverson and Laerum, 1985; Kallioniemi et al, 1988). Greenebaum et al 
(1994) found the technique useful in separating benign (diploid) from suspicious or malignant 
(nondiploid) aspirates from ovarian cysts. For further comments, see Chapter 47. 

DIAGNOSIS OF OCCULT OVARIAN CARCINOMA 

The high frequency and poor outcome of ovarian carcinoma, with spread beyond the ovary at 
the time of diagnosis, has led to numerous efforts at early detection of these tumors. It is now 
known from the results of prophylactic salpingo-oophorectomy in high risk women with 
mutations of BRCA1 and 2 that small ovarian tumors and other possibly precancerous epithelial 
changes may be observed (Bell and Scully, 1994; Salazar et al, 1996; Kauff et al, 2002). 

Finding such tiny tumors before further spread has been a major challenge over many years. 

Routine Cervicovaginal Smears 

The finding of cancer cells suggestive of an adenocarcinoma in cervicovaginal smears or in an 
endocervical or endometrial aspiration in an asymptomatic patient presents a difficult clinical 
dilemma. Athorough clinical examination, an ultrasound examination, a CT scan, a 
peritoneoscopy, or even an exploratory laparotomy may reveal a clinically occult ovarian (see 
Fig. 15-9) or a tubal carcinoma (see below). Occasionally, this may lead to the diagnosis of a 
carcinoma still confined to the ovary, hence offering a good chance for a cure. In my 
experience, however, most ovarian carcinomas diagnosed by cervicovaginal cytology are 
usually advanced and have formed metastases, usually to the omentum or the lower genital 
tract. Thus, routine cytologic preparation offers limited hope for the diagnosis of ovarian cancer 
in early stages. Other tumors that must be considered in the differential diagnosis are 
endometrial carcinoma and metastatic carcinoma from a distant site. 

Detection of Early Ovarian Carcinoma by Special Techniques 

Because the results of treatment of fully developed ovarian carcinoma are not satisfactory, in 
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1962, Graham et al suggested the use of cul-de-sac aspiration via the vaginal route 
(culdocentesis) for the diagnosis of early, clinically occult ovarian cancers. The original study 
was based on examination of 576 volunteer patients and gave eight positive results. Seven 
patients were explored and the ovaries examined: one had metastatic breast cancer, one had 
no demonstrable lesion, four had papillary ovarian lesions of “borderline malignancy,” and one 
had a “probable borderline lesion.” Subsequently (1964 and 1967), these authors reported on 
an additional eight ovarian lesions showing abnormalities of surface epithelium. Because of 
current interest in early carcinomas of the ovary, especially “early ovarian intraepithelial 
neoplasia or dysplasia” of the surface epithelium (Plaxe et al, 1990), histologic sections of the 
original ovaries reported by Graham et al (1964), were reexamined by Werness and Eltabbakh 
(2000). On re-examination, the eight ovaries were considered to be within normal limits. Long- 
term follow-up of 7 of the 8 patients was noncontributory and none of them had any evidence of 
ovarian cancer. The experience with this method of ovarian cancer detection since the 
publication of the 1964 and 1967 reports by Graham et al has remained inconclusive. Several 
published papers (McGowan et al, 1966; Grillo et al, 1966; Zervakis et al, 1969; Funkhouser et 
al, 1975) gave equivocal results. Keettel et al (1974) gave a pessimistic appraisal of the value 
of the procedure. 

Although early carcinomas may be occasionally observed on the surface of the ovaries (Bell 
and Scully, 1994), most ovarian cancers develop within ovarian cysts that remain intact, 
possibly for long periods of time. Therefore, there is significant doubt that the cul-de-sac 
aspiration will indeed significantly contribute to the salvage of lives. 

As reported by Greenebaum et al (1992, 1996), it is occasionally possible to discover an early 
ovarian cancer while harvesting ova in in vitro fertilization patients. This event is exceedingly 
rare. The procedure has been described in the earlier part of this chapter. 

Transvaginal sonographic screening (TVS) has been shown to be capable of uncovering 
ovarian lesions, although in some early studies (Goswamy et al, 1983), many false 
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alarms were generated because of enlarged benign ovaries. Three per cent of screened 
women without evidence of malignant disease required laparoscopy or laparotomy. Recently, 

Van Nagell et al (2000) reported on the efficacy of TVS in 14,469 women, ages 50 or older (or 
younger women with family history of ovarian cancer), conducted from 1987 to 1999. The 
principal criteria for laparoscopy or exploratory laparotomy were: large ovarian volume or 
papillary or complex tissue projections in cysts, verified on a repeat examination 4 to 6 weeks 
after the original sonogram. In 180 women explored 17 ovarian cancers were detected, most in 
stages I and II of disease. In the remaining 163 women, numerous other benign ovarian lesions 
were observed. Eight additional women subsequently developed ovarian cancer in the absence 
of sonographic abnormalities. The conclusions of this paper suggested that TVS in fortuitous 
cases leads to the detection of occult ovarian cancer with a low positive predictive 
value of only 9.4% but a high negative predictive value of 99.07%. In other words, a 
negative TVS offers a high degree of assurance that the risk of ovarian cancer in a given 
patient is low. Unfortunately, the system fails in the detection of ovarian cancer in ovaries with 
normal volume. The procedure may be of particular value in women who have germ-line 
mutations of breast cancer genes (BRCA1 and 2) (Rubin et al, 1996). 

There is no evidence that serologic studies, particularly measuring the serum levels of 
antibodies with a high degree of specificity for ovarian cancer, such as CA 125 or OV 632, are 
applicable as a screening test for ovarian cancer, although the determinations may be of value 
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in recurrent cancer (Niloff et al, 1968; Koelma et al, 1988; Malkasian et al, 1988). 

Proteomics 

Most recently, protein patterns in blood plasma, characteristic of ovarian cancer, generated by 
proteomic spectra, obtained with mass spectroscopy, have been reported as a promising 
approach to early detection of ovarian cancer (Bicsel et al, 2001 ; Petricoin et al, 2002; Rai et al, 

2002). Algorithms generated by proteomics have been effectively applied to the identification of 
patients with ovarian cancer with sensitivity of 100% and specificity of 95% (Petricoin et al, 

2002). Excellent results were also claimed by combining proteomics with other markers, such as 
CA125 (Rai et al, 2002). The value of the proteomics still needs testing on a large population. 

FALLOPIAN TUBE 
HISTOLOGIC RECALL 

The epithelium of the fallopian tubes is composed of three types of cells. The dominant cell 
type is the columnar ciliated cells that closely resemble in size and configuration similar cells 
observed in the lining of the endocervical canal. The second cell type is the secretory cells 
that are interspersed among ciliated cells which they resemble, except for clear cytoplasm and 
the absence of cilia. The luminal aspect of the secretory cells often shows “snouts” of 
secretions on their surface. The third cell types are the least frequent intercalary or peg cells, 
narrow cells with thin, dark-staining nucleus. The epithelium is separated from the two muscular 
layers by a thin lamina propria of connective tissue. 

Normal tubal epithelial cells are virtually never seen in normal cervicovaginal smears, except as 
the so-called tubal metaplasia, discussed in Chapter 10. 

BENIGN DISORDERS 

The fallopian tubes may be affected by a variety of benign disorders, some of which may have 
cytologic implications. 

Inflammatory disorders, such as tuberculosis and chlamydia infection may cause tubal 
obstruction and dilatation (hydrosalpinx) that may lead to tubal pregnancy. These conditions 
may be sometimes mistaken for tumors. Seidman et al (2002) observed that chronic 
salpingitis with formation of psammoma bodies (named here salpingoliths; see Fig. 15-12B) 
may be related to serous carcinoma of ovary and peritoneal implants. 

Avariety of cysts, ranging from simple serous paraovarian cysts to endometriosis and 
endosalpingiosis, may be observed on the serosal surface of the tubes. Some of these cysts, 
if of significant sizes, may be aspirated. The cytologic presentation of these cysts is identical to 
ovarian cysts, discussed above. More importantly, perhaps, these cystic structures may be 
sometimes recognized in peritoneal washings, discussed below. 

CARCINOMA OF FALLOPIAN TUBES 

Histology and Clinical Features 

Carcinoma of the fallopian tube resembles ovarian and endometrial adenocarcinomas and may 
occur in a variety of histologic patterns, some papillary, some solid. Astage of 
carcinoma in situ has been recognized. 

Most lesions are usually discovered too late for effective treatment, although they often produce 
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vaginal spotting or bleeding for which no obvious cause can be found (review in Nordin, 1994). 

Sedlis (1961), upon review of the literature, pointed out that those patients who had the benefit 
of routine cytologic examination had a surprisingly high percentage (40%) of positive 
diagnoses. Fidler and Lock (1954) go so far as to say: “The triad of vaginal spotting or 
hemorrhage, lower abdominal pain and pelvic mass, when accompanied by positive cytology 
and negative cervical and endometrial biopsy is practically diagnostic of tubal carcinoma.” This 
is an extreme view, since many cancers of other origins may have a similar clinical and 
laboratory presentation. Heselmeyer et al (1998) observed high levels of genomic instability in 
12 tubal carcinomas 
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studied by comparative genomic hybridization. The tumors were free of human papillomavirus 
but most were strongly reactive with p53 antibody. These authors attributed the poor prognosis 
of these tumors to their genetic and molecular features. 

In a recent communication, Agoff et al (2002) reported high frequency of tubal carcinoma in 
women with proven or suspected BRCA1 or 2 mutations. In four of the seven cases 
reported, the tumors were occult and two of them were discovered in pelvic washings in 
patients undergoing prophylactic salpingo-oophorectomy. 

Tubal Carcinoma in Cervicovaginal Smears and Endometrial Samples 
Tubal carcinoma may be recognized in cervicovaginal smears and in direct endometrial 
samples. The cytologic presentation of tubal carcinoma cannot be distinguished from 
that of an ovarian adenocarcinoma. Large malignant cells, sometimes with vacuolated 
cytoplasm, hyperchromatic large nuclei, and prominent nucleoli, are found in cervicovaginal 
smears singly and in papillary clusters (Figs. 15-17 and 15-18). If the lesion is small, the 
problems of localization of tubal carcinoma may prove to be difficult, not only clinically or at 
the time of surgery, but even at the time of examination of the specimen by the pathologist. This 
sequence of events is illustrated in Figure 15-19. As in cases of occult carcinomas of the ovary, 
discussed above, if the results of the clinical and ultrasound examination of the vagina, cervix, 
and endometrium are normal, a laparotomy may be needed to clarify the origin of malignant 
cells. A case of a tubal carcinoma in situ, diagnosed in an endometrial sample, was reported 
by Luzzatto et al (1996). The smear pattern in this case was again identical to an ovarian 
carcinoma because of the presence of psammoma bodies and cells of adenocarcinoma. 
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A 








Figure 15-17 Carcinoma of a fallopian tube discovered on cervicovaginal smear. A. 

Acervicovaginal smear with a single cluster of cells suggestive of an adenocarcinoma. The 
tumor was clinically occult. B,C. Low and higher power views of the fallopian tube showing 
a poorly differentiated adenocarcinoma. 



Excellent results of cytologic examination in 128 patients with tubal cancer were reported by 
Takashina and Kudo (1985) on the basis of cervicovaginal smears (positive in 38% of 58 
patients) and direct endometrial samples (positive in 80% of 15 patients). Hirai et al (1987) 
and Takeshima et al (1997) also reported good diagnostic results by endometrial aspiration 
smears in 6 of 20 patients with tubal cancer. We also observed a case of occult tubal 
carcinoma diagnosed in an endometrial aspiration from an asymptomatic patient during the 
search for occult endometrial cancer (see Fig. 15-18). 



Rare tumors of the fallopian tube include mesodermal mixed tumors (Kinoshita et al, 1989), 
a carcinosarcoma (Axelrod et al, 1989), and a glassy cell carcinoma (Herbold et al, 1988). 



For further discussion of rare tumors see Chapter 17. 
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Figure 15-18 Adenocarcinoma of fallopian tube detected on endometrial aspiration 
smear. A. A large papillary cluster of cancer cells with very large nuclei and prominent 
nucleoli observed in an endometrial aspirated sample. This appearance is identical to that 
observed in serous carcinomas of ovary. B,C. Histologic appearance of fallopian tube. B. 
Adenocarcinoma composed of very large cells. C. An area of carcinoma in situ at the 
periphery of invasive tumor shown in B. 




Figure 15-19 Adenocarcinoma of fallopian tube. The tumor was very difficult to localize 
in the surgical specimen. A A papillary cluster of malignant cells in cervicovaginal smear. 

B. The gross appearance of the uterus and the fallopian tube. The fallopian tube was 
folded but not thickened. C. Adenocarcinoma of fallopian tube was identified and 
diagnosed only after numerous cross sections of the tube were examined. 
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16 

Peritoneal Washings or Lavage in Cancers of the Female 
Genital Tract 



Cytologic sampling of fluid from the peritoneal cavity or, more specifically, from the pelvic 
cul-de-sac (pouch of Douglas), at the time of surgery was first proposed for ovarian tumors by 
Keettel and Pixley (1958). The purpose of the procedure was to improve the staging of 
these tumors. In 1958, Keettel and Pixley published preliminary results indicating that this 
procedure may provide evidence of spread of ovarian cancer in the absence of visible 
lesions. In 1986, this concept was incorporated into the official staging of ovarian cancer by 
the International Federation of Gynecology and Obstetrics (FIGO), shown in Table 15-2. 

This staging system attributes an important diagnostic role to the cytologic examination of 
ascitic and peritoneal fluids: the presence of cancer cells modifies the staging of ovarian tumors 
from stages la or lb to Ic and from lla and lib to lie. The higher staging calls for a different 
approach to treatment with the recognition that surgery alone is not likely to be curative of the 
disease. In current practice the aspiration of pelvic fluid is often supplemented by washings of 
the cul-de-sac, the fluids being submitted for cytologic examination. Additional data on cytology 
of ascitic and pleural fluids in ovarian cancer are provided in Chapter 26. 

The principal applications of pelvic peritoneal lavage are: 

■ Staging of ovarian, and, somewhat less commonly, other gynecologic cancers 

■ Securing evidence of persisting or recurring cancer during the second-look surgical 
procedures 

■ Occasional discovery of occult cancer during exploratory laparotomies or 
laparoscopies for benign disease 

■ Incidental discovery of metastatic cancer from non-gynecologic sites 

SECURING AND PROCESSING THE SPECIMEN 

McGowen et al (1966) advocated the aspiration of accumulated peritoneal fluid as the first 
step upon surgical entry into the abdominal cavity, using a laryngeal cannula with a blunted 
end, attached to a syringe. A washing or lavage of the pelvic peritoneum can be performed 
using small amounts of normal saline solution or similar fluid that can be repeatedly instilled and 
reaspirated. If the fluid cannot be processed by the laboratory without delay, the addition of a 
fixative is recommended (see Chap. 44). Culdocentesis, 
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an aspiration of pelvic peritoneal fluid across the vaginal wall, may be used for the same 
purposes. Aspirations may also be performed by skilled operators at the time of a laparoscopy. 
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Luesley et al (1990) advocated the use of direct scrapings or brushings of the peritoneal 
surfaces as superior to lavage specimens. We do not have any experience with this technique. 

The processing of peritoneal aspirates or lavage samples calls for centrifugation of the 
specimen and preparation of smears or cytospin preparations, as described in Chapter 44. In 
our experience the use of cell blocks supplementing smears is often diagnostically helpful. 

Poorly preserved specimens of peritoneal fluid, submitted without fixative after a substantial 
delay, or unfixed smears prepared by inexperienced personnel may be difficult to interpret. In 
this type of material, overstained and poorly preserved mesothelial cells may be mistaken for 
cancer cells. The risk of a falsepositive diagnosis in such cases is substantial. 

CYTOLOGY OF PERITONEAL LAVAGE 

Benign Cells and Conditions 

The principal benign cellular components of peritoneal fluids are mesothelial cells, 
macrophages, leukocytes, and epithelial cells or cell fragments derived from the peritoneal 
lining and various benign cysts and other structures. The fluids may also contain “collagen 
balls,” described by Wojcik and Naylor (1992), calcified debris and, occasionally, psammoma 
bodies. 




Figure 16-1 Pelvic washings: mesothelial cells. A. Isolated mesothelial cells with 
approximately spherical nuclei and tiny nucleoli. Agap or “window” (arrow) may be seen 
between the two cells in the center. B. Sheet of mesothelial cells in pelvic lavage. Note the 
uniform appearance of the nuclei, each containing a small nucleolus. The gaps or 
“windows” among the cells are well shown. C. Avery large sheet of mesothelial cells in 
peritoneal lavage. D. A cell block of pelvic lavage corresponding to C showing strips of 
benign mesothelium. 



Mesothelial Cells 

The principal characteristics of mesothelial cells are described in great detail in Chapter 25. In 
the context of the peritoneal fluid, the mesothelial cells are fairly easy to recognize when well 
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preserved: the cells are of medium size, comparable to small parabasal squamous cells, and 
have a generally basophilic, delicate cytoplasm, wherein the outer zone is often lighter than the 
inner, perinuclear zone (Fig. 16-1 A). Flowever, depending on the technique used in processing 
the material and speed of fixation, the mesothelial cells may vary in size and staining 
properties among specimens. When in flat sheets, the mesothelial cells are often separated 
from each other by narrow clear gaps or “windows” (Fig. 16-1B,C). Sometimes, long strips of 
mesothelial cells, forcibly removed from their setting, may be observed in cell blocks (Fig. 16- 
ID). The cells have central, round, but sometimes slightly indented nuclei, occasionally 
containing visible small nucleoli (Fig. 16-1AB). The presence of nucleoli may be troublesome 
to an inexperienced observer, who may confuse such cells with cancer cells; the fairly 
monotonous size of the mesothelial cells and their nuclei should prevent the erroneous 
diagnosis. Through the courtesy of Dr. Wai-Kuen Ng of the Pamela Youde Nethersole Eastern 
Hospital in Hong Kong, I was privileged to see a very unusual variant of mesothelial cells in 
peritoneal washings characterized by lobulated nucleus. The term “daisy cells” has been 
appended to these cells, which were apparently observed before in peritoneal washings. A 
transition between normal mesothelial cells and “daisy cells” is shown in Figure 16-2. Such 
cells have not been observed by us in any other fluid and, hence, appear to be a unique feature 
of peritoneal mesothelial cells. 
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Figure 16-2 “Daisy cells” in peritoneal lavage. A. Sheet of normal mesothelial cells with 
transition to cells showing multiple nuclear indentations, rendering them similar to daisies. 
B. High-power view of daisy cells. (Courtesy of Dr. W.-K. Ng, Pamela Youde Nethesole 
Eastern Hospital, Hong Kong, China.) 
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Figure 16-3 Mesothelial and epithelial cells in peritoneal lavage. A. Apapillary cluster 
of benign mesothelial cells, mimicking adenocarcinoma. Note the monotonous makeup of 
the benign cluster. B. A sheet of mesothelial cells showing gaps or “windows” between the 
cells and the presence of small nucleoli. C,D. Sheets of benign epithelial cells in cul-de-sac 
lavage. In C, the cells are somewhat similar to mesothelial cells, except for angulated 
cytoplasm. D. Small papillary cluster of benign epithelial cells, some showing cytoplasmic 
vacuolization. The nuclei are small, each containing a tiny nucleolus. 
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It is not uncommon, however, to see mesothelial cells in large, densely packed sheets wherein 
the individual cells are difficult to study (Fig. 16-3AB). As a rule, the diagnosis of cancer 
should not be made unless the characteristics of cells and their nuclei can be studied 
in detail; the thick sheets or dense clusters of mesothelial cells are no exception to this rule. 

Benign Epithelial Cells 

Benign epithelial cells of various types may be observed in peritoneal washings, especially after 
a vigorous irrigation. These may represent a variety of structures, from ruptured benign 
inclusion cysts, commonly found on the surfaces of tubes and ovaries, foci of 
endosalpingiosis and endometriosis, or benign ciliated tubal epithelium. The cells may be 
of cuboidal or columnar configuration (Figs. 16-3C.D and 16-4A.B) and may appear singly 
or may form sheets or even papillary clusters, composed of small cuboidal or columnar cells 
with inconspicuous nuclei and nucleoli. Some of the cells may be ciliated. Detached 
ciliated tufts of tubal origin may also be observed (Poropatich and Ehya, 1986). Sidawy et al 
(1987) correlated the presence of the ciliated tufts with stages of menstrual cycle and observed 
them only in the secretory stage (Fig. 16-4C.D). 
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Figure 16-4 Ciliated cells and ciliated tufts in pelvic lavage. A Large sheets of ciliated 
columnar cells representing epithelial lining of the fallopian tubes. B. High-power view of a 
cluster similar to that shown in A showing cilia on the surface of the cells. C,D. Isolated 
ciliated tufts in pelvic lavage. The details of the tufts are well shown at oil immersion 
magnification in D. ( C,D photographs courtesy Dr. Mary Sidawy, George Washington 
University, Washington DC.) 



Leukocytes and Macrophages 

In “first look” specimens and in the absence of cancer, the leukocytes are usually few in 
number, except in the presence of an inflammatory process. In the latter condition, 
macrophages accompanied by leukocytes of various types, fibrin and necrotic material may be 
observed. Cancerous processes may also be accompanied by an inflammatory reaction. In 
“second look” procedures, a marked inflammatory reaction is often present (see below). 

Macrophages may vary in size: most are mononucleated 
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cells, comparable in size to mesothelial cells, but having finely vacuolated cytoplasm 
and peripheral, spherical or kidney-shaped nuclei of similar size. Large cytoplasmic 
vacuoles may occur, pushing the nucleus to the periphery. Evidence of phagocytosis in the 
form of ingested particles of pigment, such as hemosiderin, helps in the identification of these 
cells, although sometimes cancer cells are also capable of phagocytosis. Macrophages may 
also form large, either mono- or multinucleated giant cells; the latter are commonly 
observed in patients with chronic inflammatory processes or as a reaction to foreign bodies, 
such as powder, usually observed after a surgical intervention. Macrophages are more common 
in “second look” procedures. 

Collagen Balls 

Under this term, Wojcik and Naylor (1992) analyzed the frequency and origin of peculiar 
homogenous structures, lined by a single layer of cuboidal cells that may be observed in 
about 5% of pelvic fluids and lavage specimens (Fig. 16-5A,B). In one such case, the structures 
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could be traced to small collagenous excrescences on the surface of an ovary, hence, the 
conclusion that the small cuboidal cells represent ovarian epithelium. We have observed the 
collagen balls in benign and malignant peritoneal lavage specimens and, therefore, they 
have no diagnostic significance. 




Figure 16-5 Collagen balls and ganglion cells. A,B. Collagen balls are sharply 
demarcated fragments of a homogeneous substance surrounded by a few small epithelial 
cells. C,D. Low- and high-power view of ganglion cells inadvertently aspirated in peritoneal 
lavage. C. DiffQuik. 



Foreign, Plant, and Ganglion Cells 

During cul-de-sac aspirations performed with a needle-syringe system, a loop of bowel may be 
inadvertently penetrated. Epithelial cells of intestinal origin or bowel contents in the form of 
plant cells may be observed. The enteric cells are usually columnar and may occur in large 
clusters. The plant cells may be identified by a thick, transparent cellulose wall and fine, 
retractile cytoplasmic granules (see Chapters 8 and 19). Rare findings in aspirates include 
large ganglion cells, with abundant granular cytoplasm and peripheral nuclei, inadvertently 
removed from presacral ganglia (Fig. 16-5C,D). 

Endometriosis 

In abdominal endometriosis two types of cells may be seen side by side: small cuboidal or 
columnar epithelial cells, usually in small sheets, and, very rarely, very small, spindly 
stromal cells; these cells are usually accompanied by hemosiderin-laden macrophages. An 
iron stain may be occasionally helpful in establishing the diagnosis (see Chap. 34). Stowell et al 
(1997) examined the accuracy of cytologic examination of peritoneal fluids in the diagnosis of 
endometriosis and concluded that the identification of epithelial cells of endometrial origin is 
difficult but that the presence 
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of hemosiderin-laden macrophages should alert the pathologist to the possibility of this 
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Endosalpingiosis 

In endosalpingiosis the fluids are characterized by the presence of calcified debris and 
psammoma bodies that can be numerous, and are sometimes surrounded by 
inconspicuous, small, benign epithelial cells (Fig. 16-6; see also Fig. 15-7). Psammoma bodies 
may also occur within fragments of glandular structures or surrounded by inflammatory exudate 
and cell debris (Fig. 16-6C). 

In incidental biopsies, small cystic structures, lined by cuboidal, occasionally ciliated, 
epithelial cells and containing calcified debris or psammoma bodies, may be observed on the 
surface of the fallopian tubes, the ovaries, and elsewhere in the peritoneum (see Fig. 15-7). For 
a discussion on the possible relationship of endosalpingiosis to psammocarcinoma, see 
Chapter 15. 

The presence of psammoma bodies in peritoneal lavage may be perplexing, particularly in the 
presence of ovarian abnormalities that may be unrelated to the cytologic findings (Sidawy and 
Silverberg, 1987). In general, psammoma bodies or calcified debris observed in 
peritoneal washings, do not have the same diagnostic significance as in vaginal and 
cervical material (see Chap. 15) or in effusions (see Chap. 26) and, unless accompanied 
by cancer cells, should be interpreted with great caution. Focal calcium deposits, not 
uncommon in the peritoneum, may be dislodged by vigorous lavage and may mimic psammoma 
bodies. 




Figure 16-6 Endosalpingiosis in peritoneal lavage. A A cluster of psammoma bodies 
surrounded by a layer of small epithelial cells. In B, the psammoma bodies are 
superimposed upon each other. C. Psammoma bodies surrounded and accompanied by 
sheets of epithelial cells. D. Isolated, calcified psammoma bodies from a case of 
endosalpingiosis. ( A,B case courtesy of Dr. F. Bonetti, Verona, Italy.) 



Diagnostic Problems in the Absence of Cancer 
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Ravinsky (1986), Zuna and Mitchell (1988), and Zuna et al (1989) presented comprehensive 
reviews of their experiences with peritoneal lavage. In the absence of cancer, benign ovarian 
cysts and endometriosis presented significant diagnostic dilemmas. Zuna and Mitchell (1988) 
recorded diagnostic difficulties in 12% of 149 benign peritoneal washings. In my experience, 
besides atypical mesothelial cells and, rarely, atypical epithelial cells, endosalpingiosis is the 
most common source of diagnostic difficulty, particularly if there is an association of 
psammoma bodies with sheets of epithelial cells. Selvaggi (2003) recommended the use of cell 
blocks and immunostains in difficult cases. Sams et al (1990) reported an exceedingly rare case 
of ectopic pancreas that shed cells mistaken for cancer cells. 
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PERITONEAL LAVAGE IN OVARIAN CANCER 
“First Look” 

The most common indication for peritoneal washings is staging or upstaging of ovarian 
carcinomas. Usually, but not always, cancer cells stand out as a different population of cells, 
easily separated from benign cells. 

Serous Adenocarcinomas 

Malignant cells most often observed in peritoneal washings are derived from fully developed 
carcinomas of the serous type. Such cells occur singly and in structured, approximately 
spherical clusters. The cytoplasm is usually delicate and finely vacuolated. The dominant 
feature of these cells is nuclear abnormalities, such as nuclear enlargement, irregular 
nuclear configuration and the presence of prominent, often multiple nucleoli (Fig. 16-7). 
Such malignant cells may be occasionally confused with benign mesothelial or epithelial cells 
which, however, are usually much smaller. Papillary clusters of cancer cells with nuclear 
hyperchromasia, of the type commonly observed in cells of ovarian cancer in cervicovaginal 
material (see above), are less common but may occur (Fig. 16-8AB). A central core of 
connective tissue may be sometimes observed in the papillary clusters, a feature that is 
usually better seen in cell block preparations (Fig. 16-7B). Psammoma bodies may occur, but, 
unless accompanied by cancer cells, have limited diagnostic value, as discussed above (Fig. 
16-7D). 
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Figure 16-7 Papillary carcinoma of ovary in peritoneal wash. A,B. From the same 
case showing a large papillary cluster of malignant cells and dispersed malignant cells at 
the periphery of the cluster. B. Cell block showing the glandular structure of the tumor. C. 
Another example of serous carcinoma of ovary in cul-de-sac washings. The large cancer 
cells form a papillary cluster. Note the large nuclei and nucleoli. D. Psammoma body in a 
case of serous carcinoma in pelvic lavage. Note that the psammoma body is surrounded by 
large cancer cells with hyperchromatic nuclei. 



Serous carcinomas of the peritoneum, some of which may be occult, shed large cohesive 
clusters of cancer cells (see Fig. 16-9C.D). For further discussion and examples of this entity, 
see Chapter 26. 

The low-grade (borderline) serous ovarian tumors shed atypical but not clearly 
cancerous epithelial cells, usually forming cohesive clusters (see Fig. 15-11). The 
nuclear abnormalities are usually more modest than in high-grade carcinomas, specifically the 
nucleoli are usually small and inconspicuous, but in some cases the cells are similar to 
those of a well-differentiated serous carcinoma. Gurley et al (1994) compared by image 
analysis the nuclear features of borderline serous tumors with low-grade carcinomas. The 
borderline tumors displayed less nuclear pleomorphism and were diploid, whereas the 
carcinomas were aneuploid. This paper pointed out the difficulties of precise cytologic 
classification of the spectrum of well-differentiated 
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serous tumors in peritoneal lavage specimens, a point also stressed by Mulvany (1996). 
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Figure 16-8 Ovarian and peritoneal serous carcinomas in pelvic lavage. A A large 
cluster of cancer cells in pelvic lavage corresponding to the tumor shown in B. C,D. Large 
compact papillary clusters of cancer cells in a case of primary peritoneal serous carcinoma 
in pelvic lavage. 



Mucinous Carcinomas and Borderline Tumors 

In the absence of obvious spread to the peritoneum, resulting in pseudomyxoma peritonei 
and accumulation of ascitic fluid (discussed in Chapter 26), these tumors are practically never 
observed in peritoneal lavage specimens. However, late recurrences of the tumors may 
occur and may be diagnosed in cytologic preparations. In such preparations, the malignant 
nature of the cells is unmistakable (see Fig. 15-12). 

Endometrioid Carcinoma 

The cytologic presentation of endometrioid ovarian carcinoma in peritoneal lavage is identical 
to that of metastatic endometrial cancer, discussed below. 

Other ovarian tumor types may occasionally be encountered, and their identification depends 
on the make-up of the primary tumor. Ravinsky (1986) reported examples of clear cell 
carcinoma of the ovary (also observed by Mulvany, 1996), malignant granulosa cell tumor 
and a malignant teratoma. 

Clinical Significance 

Peritoneal samples showing evidence of serous or endometrioid carcinoma indicate either 
the presence of the tumor on the surface of the ovary, or as a metastatic deposit on the 
peritoneal surfaces. They may also indicate the existence of a primary peritoneal tumor, a 
mimicker of serous carcinoma. In Mulvany's experience (1996), approximately one half of 14 
patients with serous carcinomas were upgraded as a consequence of peritoneal lavage 
containing cancer cells. However, this study was limited to lavages showing definite cancer 
cells and the author did not attempt to present the rate of false-negative lavages. In the 
experience of Mathew and Erozan (1997), upstaging of gynecologic cancer occurred in 12, or 
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3%, of 125 cancer cases. 

In borderline serous tumors, the cytologic abnormalities in lavage specimens may indicate 
the presence of peritoneal deposits that may be either invasive or noninvasive and this 
important prognostic difference cannot be determined in peritoneal lavage. Cheng et al 
(1998) reviewed their experience with 90 patients with ovarian tumors of low malignant 
potential. In one third of these patients, cancer cells were observed in peritoneal lavage 
specimens, most often with tumors of serous type, less often with mucinous tumors. Positive 
cytology correlated well with the presence of peritoneal implants, regardless whether or not the 
implants were invasive. Gammon et al (1998) observed positive peritoneal washing results in 
four patients below the age of 25. 

For further descriptive comments on ovarian cancer cells in fluids, see Chapter 26. 
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“Second Look” 

Second-look procedures are performed in patients previously treated by surgery, radiotherapy, 
chemotherapy, or a combination thereof, to determine the presence of residual or recurrent 
ovarian cancers. The purpose of the second-look procedure is to ascertain whether the 
disease has been eradicated, and hence whether or not the patient requires additional 
treatment. At the time of the second-look procedure, it is customary to obtain multiple biopsies 
of any area of the peritoneum or mesentery that shows thickening or other changes suggestive 
of residual disease; the examination of the peritoneal fluid or washings is a part of this 
procedure. 

If the cytologic examination of the peritoneal fluid in untreated patients is fraught with pitfalls, 
the difficulties are often increased in patients previously treated. The therapeutic regimens 
affect not only the residual cancer but also many of the benign structures, notably the 
mesothelium. Occasionally, acute or chronic inflammatory processes intervene, rendering the 
diagnostic process even more difficult. 

To be sure, in some patients who failed to respond to therapy, easily recognizable cancer 
cells may be observed (Fig. 16-9A-C). Sagae et al (1988) suggested that in such cases 
quantitation of the malignant cells (comparing the initial sampling with the second sampling) 
may be of prognostic value. 
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Figure 16-9 Serous carcinoma of ovary on “second look” pelvic lavage. A,B. Large 
cancer cells with hyperchromatic nuclei and large nucleoli corresponding to metastatic 
ovarian carcinoma in the jejunum shown in C. D. Afairly disorderly cluster of overstained 
mesothelial cells mimicking cells of serous carcinoma. 



In most patients, however, the dominant cell population is benign mesothelial cells, 
showing effects of therapy. Such cells may be enlarged and have a thickened, often 
eosinophilic cytoplasm and proportionately enlarged nuclei, wherein prominent 
chromocenters or nucleoli may be present (Fig. 16-9D). It is quite easy to confuse such 
cells with epithelial cancer cells. Sagae et al (1988) observed that mesothelial cell changes are 
more significant with the intraperitoneal use of alpha-2 interferon than with cisplatin. In my 
experience, however, any intensive radiotherapy or chemotherapeutic regimen can cause 
mesothelial cell abnormalities. 



Another source of difficulty is the presence of multinucleated and sometimes atypical 
macrophages. With vigorous lavage, the epithelial lining cells of ruptured benign 
peritoneal inclusion cysts may contribute to the difficulty, especially if showing radiation 
changes (see Chapter 18). 



Results 

Coffin et al (1985) estimated that diagnostic difficulties may occur in about one third of 
the second-look cases. Biopsy evidence has shown that in many second-look procedures the 
residual cancer may be encased in foci of fibrosis, and hence not be accessible to peritoneal 
washings. Rubin and Frost (1963), on the basis of experience with 173 patients, 
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reported failure of the cytologic procedure to diagnose residual carcinoma in 66% of patients 
with overt disease and in 78% of patients with microscopic foci of residual cancer. These 
results appear pessimistic. Zuna et al (1989) reported significantly better results, with a failure 
rate in only about 30% of patients with documented residual cancer. Kudo et al (1990) reported 
positive lavage results in 8 of 18 patients with documented residual disease and in 4 of 23 
patients without residual disease. However, three of the four patients with allegedly “false- 
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positive” results subsequently developed recurrent cancer and died of it. It thus appears that 
the greatest value of the “second look” cytology is in an occasional detection of 
recurrences that escape the customary multi-biopsy evaluation. 

It is quite evident that the quality of the specimens, care in their preparation for cytologic study, 
and competence in the interpretation of the material may account for the variability of the 
results. Still, there is no evidence that the cytology of the peritoneal fluid in second-look surgical 
procedures can replace the standard multiple biopsies, though it may occasionally supplement 
them. To firmly establish the significance of pelvic lavage in these situations, a longterm follow- 
up study of patients after the “second look” procedure would be desirable. 




Figure 16-10 Endometrial carcinoma of low grade in peritoneal lavage. A Alarge 
cluster of cancer cells with large, somewhat hyperchromatic nuclei and nucleoli. B. 
Doublets of cancer cells mimicking the arrangement of mesothelial cells. However, the 
nucleocytoplasmic ratio is modified in favor of the hyperchromatic, coarsely granular nuclei. 
C. A single cancer cell with an eccentrically located nucleus, containing nucleolus. D. 
Endometrial carcinoma, the source of cells seen in A-C. 



PERITONEAL WASHINGS IN CANCERS OTHER THAN CANCER OF THE OVARY 

Endometrial Carcinoma 

The spread of endometrial cancers to the peritoneum of the cul-de-sac is probably more 
common than recognized so far. A particularly important culprit may be the relatively uncommon 
serous papillary endometrial carcinoma that may form metastases even if the primary tumor 
shows only superficial invasion of the myometrium. We have also observed several 
adenoacanthomas and adenosquamous carcinomas with relatively limited invasion of the 
myometrium and the presence of cancer cells in the peritoneal lavage. 



Cytology 

Endometrial adenocarcinomas can be recognized in lavage preparations as clusters of 
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malignant cells of various sizes, often of approximately spherical, papillary 
configuration, very similar to serous ovarian cancer. The cytoplasm of these cells is usually 
delicate and sometimes vacuolated. The nuclei are usually large, hyperchromatic, of irregular 
contour, and provided with clearly visible but not particularly large nucleoli (Fig. 16-10). The 

serous-papillary endometrial 
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carcinoma may shed cancer cells and cell clusters identical to those of serous ovarian 
carcinoma (Mesia et al, 1999). Single malignant cells have the same features as the cells in 
clusters. Sometimes, however, they are difficult to identify because of their similarity to atypical 
mesothelial cells and macrophages. Similar cells are observed in ovarian endometrioid 
carcinomas. 

The squamous component of adenoacanthomas and adenosquamous carcinomas may 
have several different presentations. Single squamous cancer cells may be recognized 
within clusters of adenocarcinoma cells, or sometimes lying singly. As a general rule, these cells 
have thick, sharply demarcated orange-staining cytoplasm in a well-executed 
Papanicolaou stain. The nuclei are sometimes large and hyperchromatic but more often 
are obliterated or seen as a pale nuclear outline (“ghost cells”). Occasionally irregularly 
contoured sheets of keratin-forming cells may occur (Fig. 16-11). In our experience, the 
combination of cells of adenocarcinoma and squamous cells in peritoneal lavage 
occurs only in endometrial carcinomas. So far, we have never seen this association in other 
tumors but one can think of several candidate tumors, such as ovarian adenoacanthomas and 
endocervical adenocarcinoma with a squamous component. 

In a very large study of298 women with endometrial carcinoma, Gu et al (2000) compared 
positive peritoneal washings, observed in 32 patients with tumor type and stage. Ten percent of 
262 patients with endometrioid carcinoma had positive washings, some with low stage and 
grade of disease. The frequency of positive washings for other tumor types (including serous 
carcinoma) was similar. The conclusions of the paper that positive peritoneal washing in 
endometrial cancer could not be correlated with stage, grade or histologic type of disease, is in 
keeping with several other studies cited in this paper and with personal experience. 




Figure 16-11 Adenosquamous carcinoma of endometrium in peritoneal wash. A. A 
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large cluster of cancer cells with hyperchromatic nuclei. B. Cancer cells forming a glandular 
structure (cell block). C. Clusters of squamous cells in the same peritoneal wash. D. The 
adenoacanthoma in a 33-year-old woman, corresponding to cells shown in A-C. (Case 
courtesy of Dr. David Burstein, Mount Sinai Hospital, New York, NY.) 



Clinical Significance 

Several publications on record suggest that the presence of cancer cells in peritoneal 
lavage is of value in the prognosis of endometrial cancer, even of low stage and low 
grade (Yazigi et al, 1983; Ide, 1984; Heath et al, 1988; Hirai et al, 1989; Mulvany, 1996; Zuna 
and Behrens, 1996). These authors reported increased mortality from endometrial cancer in the 
presence of cancer cells in the peritoneum. On the other hand, absence of cancer cells 
appears to be a favorable prognostic sign, although the rate of false negative examinations has 
not been established. Szpak et al (1981) correlated the number of malignant cells per 100 ml of 
washing fluid and documented a generally better response to therapy in patients with a low 
count of cancer 
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cells than in patients with a high count, although there were some exceptions. 

However, several studies failed to attribute prognostic significance of positive peritoneal 
washings in stage I endometrial cancer (Lurain et al, 1989; Kadar et al, 1992; Gu et al, 2000). 

Still, there is little doubt that the procedure is desirable as part of a work-up of all patients with 
endometrial carcinoma. Still, a major follow-up study, taking into account response to therapy 
and long-term survival, may shed additional light on its clinical value. 

Carcinomas of the Uterine Cervix 

Peritoneal lavage in staging of squamous and adenocarcinomas of the uterine cervix has been 
the subject of several studies (Roberts et al, 1986; Morris et al, 1992; Patsner et al, 1992). A 
case of a small-cell, endocrine carcinoma was reported by Mulvany (1996). It is evident that 

direct spread to the peritoneum occurs only in advanced, fully invasive carcinomas 

and is not the preferred mode of spread of carcinoma of the cervix which tends to metastasize 
to lymph nodes. 

Cytology 

Cytologic findings depend on tumor type. Well-differentiated squamous cancers of the 
cervix are virtually never observed in peritoneal lavage. In poorly differentiated 
squamous cancer, the recognition of cancer cells is relatively easy. The cells occur singly and 
are characterized by marked nuclear abnormalities and large nucleoli. The presence of 
clusters of large, undifferentiated cancer cells usually corresponds to poorly differentiated 
squamous (epidermoid) carcinomas. In adenocarcinomas, clusters of slender, columnar 
cancer cells may be observed, sometimes forming rosettes. In the absence of clinical data it 
is virtually impossible to guess the origin of such cells that mimic any number of primary or 
metastatic tumors from various sites. 
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Figure 16-12 Tubal carcinoma with first clinical manifestation as a brain metastasis. 

A,B. Cancer cells of a fallopian tube carcinoma in peritoneal lavage obtained at the time of 
hysterectomy. C. Metastatic adenocarcinoma to the brain which was ultimately traced to 
the fallopian tube. D. Carcinoma in situ of the fallopian tube. The tumor was invasive 
elsewhere. 



Results 

Roberts et al (1986) studied peritoneal washings in 139 patients with invasive carcinoma of the 
uterine cervix. Positive cytologic findings generally reflected high-risk factors, such as high 
stage of disease. Morris et al (1992) and Patsner (1992) expressed significant reservations 
about the value of peritoneal lavage in cervical cancers, particularly of low stage. 

Carcinoma of Fallopian Tubes 

The significance of peritoneal washings in carcinoma of the fallopian tubes has been 
underestimated. We observed a case of occult tubal carcinoma first observed as brain 
metastasis, 
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with positive peritoneal washings prior to salpingo-oophorectomy (Fig. 16-12). Several such 
cases were described by Agoff et al (2002) in patients with BRCA1 and 2 gene mutations. 

Mulvany (1996) reported the presence of cancer cells in 5 cases of tubal carcinoma, two of 
them with psammoma bodies. 
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Figure 16-13 Metastatic mammary carcinoma in pelvic lavage 6 years after 
mastectomy. A large papillary clusters of cancer cells. In B, the handful of cancer cells is 
dispersed. C,D. The presence of tumor cells within the lumen of the fallopian tube under 
low power in C, higher power in D. (Case courtesy of Dr. Belur Bhagavan, Baltimore, MD.) 



Other Primary Tumors 

Geszler et al (1986) observed that the presence of cancer cells in stage I mesodermal mixed 
tumors (see Chap. 17) had a significant negative impact on prognosis. With growing 
experience other uncommon tumors of the female genital tract will be recognized in peritoneal 
lavage fluids. 

Metastatic Cancers 

Although uncommon, metastatic cancers from other sites may also be observed in peritoneal 
washings. In my experience, mammary carcinoma is the most common offender, although, 
other cancers are sometimes observed. Occasionally, the cancer cells reach the peritoneal 
cavity via the fallopian tubes and are discovered in peritoneal washings in the absence of 
visible metastases (Fig. 16-13). Acase of metastatic melanoma of the vulva identified in 
peritoneal fluid was described by Izban et al (1999). 
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Rare and Unusual Disorders of the Female Genital Tract 



This chapter contains descriptions of uncommon benign and malignant lesions, that for the 
most part, may affect several component organs of the female genital tract. 

RARE BENIGN DISORDERS 

Deficiency of Folic Acid 

Deficiency in folic acid (or vitamin B12) leads to impaired DNA synthesis during hematopoiesis, 
resulting in abnormal maturation of erythrocytes (and other blood cells) known as 
megaloblastic anemia. The disease is characterized mainly by a marked enlargement of 
erythrocytes and abnormalities of leukocytes. Folic acid deficiency may also impair DNA 
synthesis in other organs, such as the oral cavity and the gastrointestinal tract, where it can 
cause cellular enlargement (see Chaps. 21 and 24). In 1962 and 1966, Van Niekerk reported 
cell changes observed in squamous cells in cervical smears in patients with megaloblastic 
anemia and, hence, a folic acid deficiency, during the puerperium. The principal changes 
observed were generalized enlargements of intermediate squamous cells (diameter of 70 
pm or larger), accompanied by an enlargement of the nucleus (diameter of 14 pm or more). 

Van Niekerk also observed multinucleation and cytoplasmic vacuolization in an average of 
3.5% of cells. Other findings included phagocytosis, clumping, and folding of nuclear chromatin. 

The changes were apparently reversible after appropriate therapy. Van Niekerk's observations 
were generally confirmed by Klaus (1971), who considered nuclear folding as the most 
frequent event (6% of cells) and nuclear enlargement the second most frequent event (4% of 
cells). In Klaus' experience, the cytologic changes may be observed 8 to 10 weeks before 
clinical onset of megaloblastic anemia. Subsequently, Whitehead et al (1973) linked similar cell 
changes 
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with contraceptive therapy but the conclusive proof of this association is lacking. 

Changes apparently caused by folic acid deficiency are deceptively similar to early neoplastic 
changes in the uterine cervix such as the dyskaryosis (dysplasia) of the superficial and 
intermediate squamous cells, consistent with a low-grade squamous intraepithelial lesion, 
and abnormalities caused by a human papillomavirus infection (see Chap. 11). It is of 
interest in this regard that folic acid deficiency may apparently enhance the patient's 
susceptibility to infection with human papillomavirus (Harper et al, 1994; Butterworth et al, 

1992). Somewhat similar cell abnormalities may be observed as an early effect of 
radiotherapy (see Chap. 18). Because the cytologic follow-up of such lesions may be 
unreliable, it is prudent to have the patient undergo an appropriate work-up that should include 
a colposcopic evaluation of the uterine cervix before accepting the diagnosis of folic acid 
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deficiency as secure. 

Pemphigus Vulgaris 

Pemphigus vulgaris (from Greek, pemphis = blister) is a disorder usually affecting the skin and 
the mucous membranes of the oral cavity (see Chapter 21). It may sometimes involve the lower 
female genital tract. Several such cases were described in the gynecologic and dermatologic 
literature (see Krain et al, 1973). The disease is caused by antibodies to desmoglein 3, a 
component protein of desmosomes (Amagai et al, 1996) causing a disruption of 
desmosomes in the lower layers of the squamous epithelium leading to the formation of 
fluid-filled blisters, vesicles or bullae. The latter contain atypical squamous cells (cells of 
Tznack et al, 1951, who first described them) that can be observed in smears of broken 
vesicles. These are squamous cells of bizarre shapes, sometimes with cytoplasmic 
protrusions, characterized by clear cytoplasm and nuclei and large nucleoli, occurring 
singly and in clusters. The antibodies coating these cells can be demonstrated by 
immunofluorescence, as first shown by Beutner and Jordan in 1964. Libcke (1970) and 
Friedman et al (1971) each reported atypical squamous cells in cases of pemphigus vulgaris 
involving the squamous epithelium of the cervix. A number of additional cases of genital 
pemphigus, some also involving the vulva and vagina, were described (Kaufman et al, 1969). In 
a case described by Valente et al (1984), the atypical squamous cells were interpreted as 
suspicious, yet corresponded to clinically occult pemphigus blisters discovered in the 
hysterectomy specimen. In a case reported by Dvoretsky et al (1985), pemphigus was 
associated with a microinvasive carcinoma of the uterine cervix and, in a case reported by Krain 
et al (1973), with endometrial carcinoma. Because genital pemphigus can cause vaginal 
bleeding, it is obvious that a thorough examination of the female genital tract is required to rule 
out the possibility of a malignant tumor associated with this disease. For further discussion and 
illustrations of pemphigus, see Chapters 21 and 34. 

Maiakopiakia 

This rare disorder of macrophages, unable to cope with colibacteria because of an enzymatic 
deficiency, is described in detail and illustrated in Chapter 22. The characteristic, spherical 
cytoplasmic Michaelis-Guttmann bodies (representing enlarged and often calcified 
lysosomes), observed in medium size macrophages, are diagnostic of this disorder in 
smears. The findings in cervicovaginal smears were described in several cases of 
maiakopiakia involving the vagina and uterine cervix (Lin et al, 1979; Chalvardijan et al, 

1980; Wahl, 1982; Valente et al, 1984; Falcon-Escobedo et al, 1986). In an electron microscopic 
study, Kapila and Verma (1989) identified the characteristic coliform bacteria within the 
Michaelis-Guttmann bodies in a case of cervical maiakopiakia. Thomas et al (1978) described a 
case of this disorder involving the endometrium and causing abnormal bleeding. 

Amyloidosis of the Cervix 

Acase of amyloidosis limited to the uterine cervix was reported by Yamada et al (1988). There 
are no known cytologic findings in this very rare disorder. 

Eosinophilic Granuloma (Langerhans' Cell Granulomatosis) 

This uncommon lesion, composed of Langerhans cells resembling macrophages and a mixture 
of eosinophilic polymorphonuclear leukocytes with other inflammatory cells, is known to involve 
the female genitals (Zinkham, 1976; Issa et al, 1980). There is no information on the cytologic 
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presentation of this lesion in cervicovaginal smears. For discussion of this entity in other 
organs, see Chapters 19 and 35. 

Ectopic Prostatic Tissue in the Uterine Cervix 

Larraza-Hernandez et al (1997) and Nucci et al (2000) reported the presence of ectopic 
prostatic tissue in the uterine cervix, presenting in one case as a cervical mass (thought to be a 
fibroid) and in three cases as an incidental finding in tissue obtained for treatment of high-grade 
squamous intraepithelial lesions. 

BENIGN TUMORS 

Leiomyomas 

These benign tumors of smooth muscle usually involve the myometrium of the body of the 
uterus and may reach substantial sizes. They are virtually always encapsulated and do not 
normally shed any cells in cytologic samples from the uterus. Occasionally, however, ulcerated 
leiomyomas of the uterus, particularly if located in the uterine cervix, may shed benign smooth 
muscle cells that can be recognized in cervicovaginal smears. These slender cells are 
spindly, elongated, usually occur in parallel bundles, and show oval, finely granular 
nuclei, often located in the approximate center of the cell. Similar cells may be sometimes 
observed following abortion and after a mechanical injury to the 
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cervix (see Chap. 8). Endometrial abnormalities may occur in the presence of large 
leiomyomas (see Chap. 13). 

Other Benign Tumors 

Other benign tumors of the uterus, vulva or vagina, such as rhabdomyoma (Gad and Eusebi, 

1975; Gold and Bossen, 1976), syringoma (Young et al, 1980), glomus tumor (Spitzer et al, 

1985), and granular cell tumor (Coates and Hales, 1973), are exceedingly rare and they have 
not been observed in smears. Granular cell tumors of the breast, and sometimes of other 
organs, may be recognized in aspiration biopsies (see Chaps. 20 and 29). 

RARE MALIGNANT TUMORS 

Sarcomas 

Sarcomas and other malignant tumors of mesenchymal origin constitute about 2% to 3% of all 
malignant tumors of the female genital tract. Their most common primary site is the uterine 
corpus, followed by the cervix and vagina. Most sarcomas are homologous (i.e., made up of a 
single tissue type, such as smooth or striated muscle or fat). However, a substantial number of 
malignant mesenchymal tumors of the uterus, known as the mesodermal or Mullerian mixed 
tumors, contain a mixture of epithelial and sarcomatous components. The histologic and 
cytologic aspects of these and other sarcomas are discussed below. 

Most sarcomas originate within the depths of the affected organ and do not reach the 
exfoliating surface until they have grown to a substantial size and have produced surface 
ulceration. In the vast majority of such cases, the patients are symptomatic and have clinically 
obvious disease. Thus, routine cytologic examination of the female genital tract rarely 
contributes to the primary diagnosis of these tumors, except for the mesodermal 
mixed tumor. In most cases, the role of cytology is relegated to the recognition of recurrent 
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disease. In many instances, even this exercise is fraught with considerable difficulty. 

Occasionally, however, cytologic evaluation may contribute to the diagnosis and clinical 
handling of the patient. 

Tumors of Smooth Muscle (Leiomyosarcomas) 

Histology 

Leiomyosarcomas are the most common sarcomas of the female genital tract. Nearly all tumors 
originate in the smooth muscle of the uterine corpus, although they may be primary in the 
muscle of the uterine cervix and, exceedingly rarely, in other genital organs such as the 
fallopian tube or the wall of the vagina. The tumors are composed of crisscrossing bundles 
of abnormal smooth muscle cells, characterized by large, hyperchromatic nuclei. Several 
rare variants of these tumors are known to occur, chief among them the epithelioid 
leiomyosarcoma, a tumor composed of large, polygonal cells mimicking an epithelial tumor. 

The prognosis of uterine leiomyosarcomas depends on the size of the tumor, its relationship to 
adjacent organs, and its histologic differentiation or grade. Small tumors incidentally found 
within the myometrium or arising within benign leiomyomas generally offer an excellent 
prognosis. However, tumors attached to adjacent viscera are often fatal, regardless of grade. 
Well-differentiated tumors, closely resembling benign leiomyomas, except for nuclear 
abnormalities and sometimes high mitotic count (grade I), usually have a much better prognosis 
than tumors composed of bundles of clearly malignant cells (grade II). Highly disorganized 
tumors made up of bizarre large or small cancer cells (grades III and IV) have a nearly 
uniformly fatal prognosis (Spiro and Koss, 1965; Bodner et al, 2003). Voluminous literature 
pertaining to the classification and recognition of leiomyosarcomas, particularly the 
differentiation between atypical leiomyomas and low-grade leiomyosarcomas (Bell et al, 1994), 
has very limited bearing on cytologic observations. 

Cytology 

Massoni and Hajdu (1984) stressed the very low rate of primary leiomyosarcomas recognized 
in cervicovaginal material. Cells from the well-differentiated forms of leiomyosarcoma 
(grade I) have never been seen by us or identified in routine smears. However, more 
anaplastic forms of this tumor (grades II through IV), once ulcerated or metastatic, may shed 
highly abnormal, often grotesque cancer cells. If such cells are elongated, as is 
sometimes the case, a more specific diagnosis of tumor type may be attempted (Fig. 

17-1). Single or multiple abnormal nuclei of variable sizes may be noted. Nuclear 
hyperchromasia is variable, and irregular, large nucleoli may be present. The difference 
between cells of a high grade leiomyosarcoma and normal smooth muscle cells is obvious. 

Quite often, however, cancer cells shed from a leiomyosarcoma are polygonal rather than 
elongated and may be mistaken for cells of a carcinoma. 

Elongated, spindly, or bizarre malignant cells are not unique to leiomyosarcomas and 
may occur in other sarcomas and in mesodermal mixed tumors. Similar cells may also 
occur in invasive epidermoid carcinomas, particularly of the spindle- and giant-cell 
variety (see below). 

Klijanienko et al (2003) reported a large series of leiomyosarcomas of various types and 
primary extrauterine locations, diagnosed by direct thin needle aspiration. To my knowledge, no 
attempts have been made to apply this technique to uterine tumors. 
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Tumors of Striated Muscle (Rhabdomyosarcomas) 

Although the female genital tract does not normally contain striated muscle, isolated cells of this 
type may occasionally be found in benign myometria. This, however, is not an essential 
prerequisite for the occurrence of rhabdomyosarcoma, which apparently may originate from any 
type of mesenchymal cell. Pure embryonal-type sarcomas of striated muscle origin are 
most commonly observed in the vagina or the cervix of young children and young 
adults as botryoid sarcomas (Daya and Scully, 1988). Occasional rhabdomyosarcomas of 
alveolar type have been observed in other organs of the female genital tract, for example, in 
the uterine corpus (Donkers et al, 1972) and the vulva (Imachi et al, 1991). 

P.531 

Rhabdomyosarcomas are a common component of mesodermal mixed tumors (see 
below). 
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Figure 17-1 Leiomyosarcomas. A-C. Bizarre cancer cells at high magnification from two 
patients with recurrent tumor. D. The histologic appearance of the tumor corresponding to 
A and B. The diagnosis of a poorly differentiated malignant tumor could be easily made but 
the specific diagnosis of a leiomyosarcoma could not be established in the absence of past 


history. 





Botryoid sarcoma (from the Greek, botrys = bunch of grapes) is a form of immature 
(embryonal) rhabdomyosarcoma that forms grape-like, translucent tumor nodules usually in 
the vagina, much less commonly in the uterine cervix of young girls, who are rarely older than 
five years of age, but sometimes also in young adults. Similar tumors may occur in the urinary 
bladder of children of both sexes and in the prostate of boys. The grape-like structures are 
surfaced by an intact squamous epithelium. The tumor cells form a dense subepithelial layer 
(cambium layer) composed of very small cancer cells, surrounding the loosely structured bulk of 
the tumor wherein larger cancer cells, some with cytoplasmic cross-striations or marked 
cytoplasmic eosinophilia, may be identified. 

Previously considered nearly invariably fatal (Daniel et al, 1959), the tumors are now curable in 
a large proportion of cases with a combination of radiotherapy and chemotherapy (review in 
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Brand et al, 1987). Daya and Scully (1988) stressed better prognosis of botryoid sarcoma of 
the uterine cervix in young adults than in children. 

Cytology 

The diagnosis of primary botryoid sarcomas is usually made by clinical inspection and 
biopsy. Cytologic diagnosis is superfluous in such instances. Even if vaginal smears are 
obtained, the tumor cells may be absent because of the protective epithelial layer. 

However, in recurrent and in metastatic tumors, small, elongated, spindly tumor cells may 
be observed in vaginal smears or in urinary sediment (see Chap. 26). In rare instances, 
cytoplasmic cross-striations may occur that allow a precise classification of the tumor. 

Differentiated rhabdomyosarcomas are very rare in the female genital tract (Brand et al, 

1989). One can then anticipate the finding of bizarre tumor cells with cytoplasmic cross- 
striations, characteristic of rhabdomyoblasts (see Fig. 17-6). The cytologic findings in two cases 
of alveolar rhabdomyosarcoma of the vulva were reported by Imachi et al (1991), who did not 
observe cytoplasmic striations in the tumor cells. 

Endometrial Stromal Sarcomas 

The endometrial stromal tumors originate either in the endometrium or in foci of uterine 
endometriosis (adenomyosis). There are two presentations of this tumor: a low-grade and a 
high-grade tumor. 

Histology and Clinical Features 

The low-grade, well-differentiated form of the tumor (previously named the endolymphatic 
stromal myosis) is composed 
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of orderly bundles of small cells similar to endometrial stroma, sometimes forming ribbon-like 
organoid structures (so called “plexiform tumorlets”) and occasionally small glands, 
mimicking primitive endometrial glands. Clement and Scully (1989) misinterpreted the 
“tumorlets” for sex cord-like elements, seen in rare ovarian tumors, but the origin of these 
structures from endometrial stroma has been clearly documented by Larbig et al (1965). The 
tumor cells may occasionally differentiate into smooth muscle cells, particularly in 
metastatic foci. Oliva et al (2001) pointed out that cells with markedly eosinophilic 
cytoplasm may occur in such tumors. The tumor has several other interesting features: it has 
the tendency to invade vessels of the uterus and adjacent pelvis, sometimes forming 
solid, spaghetti-like cylinders that can be pulled from the affected vessels by a forceps. For 
this reason, the tumor may be confused with intravenous leiomyomatosis, as in a paper 
by Clement et al (1988). The tumor may have an erratic, protracted clinical course, stretching 
over a period of many years (Koss et al, 1965). It may form local, retroperitoneal, or distant 
metastases, for example, to the bladder or lung, often many years after surgical 
removal of the primary tumor (28 years in a personally observed case), and still be 
consistent with long-term survival following aggressive treatment of metastases. Late 
pulmonary metastases were also described by Abrams et al (1989). The tumor may also 
respond to hormonal manipulation with progesterone, not unlike an endometrial carcinoma. 
Because of the unusual, often favorable behavior of this tumor, its diagnosis in 
metastatic foci may be life-saving. 

The high grade endometrial stromal sarcomas are infrequent. In a small series by Koss et 
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al (1965), only 1 of 10 stromal sarcomas could be so classified. The tumor has a similar 
distribution to the low-grade variant but is composed of obviously malignant larger cells and has 
aggressive behavior. 

Cytology 

Several examples of this tumor were described in cervicovaginal smears (Hsiu and Stawicki, 

1979; Becker and Wong, 1981) and in other cytologic samples such as effusions (Massoni and 
Hajdu, 1984; Hajdu and Hajdu, 1976). So far as one can tell, the reported cases represented 
the high-grade variant of the disease. In general, the authors stressed the small size and 
the relatively monotonous appearance of the round or oval malignant cells, 
accompanied by occasional elongated cells with tapering cytoplasm, named comet cells by 
Hsiu and Stawicki (1979). Except for hyperchromasia and variability in size, the nuclei had no 
distinguishing features. Mitotic figures were observed in two of three cases reported by Becker 
and Wong (1981). In all cases described, the tumor was far advanced and symptomatic; all 
patients, save one, died of disease shortly after diagnosis. 

There are no reported cases of primary diagnosis of the low-grade stromal sarcoma. 

However, metastases of this tumor may be amenable to diagnosis by needle aspiration biopsy 
that may lead to aggressive treatment and long-term survival. As an example, the aspirate of 
one of many large, cannon-ball pulmonary metastases in a 38-year-old woman contained 
small, spindly, rather benign-looking cells and scattered glands, resembling benign 
endometrial glands (Fig. 17-2). The cytologic finding led to the review of hysterectomy 
material obtained 8 years previously, which was initially diagnosed as a benign abnormality 
(stromal nodule). The review disclosed a low-grade endometrial stromal sarcoma. After surgical 
removal of all but one of the pulmonary metastases, followed by progesterone therapy, the 
patient remained well for several years without any evidence of active disease. In another more 
recent case with only short follow-up, the aspirate of lung metastases yielded small cells 
resembling normal endometrial stroma (Fig. 17-3). 

Other Sarcomas 

Exceedingly uncommon sarcomas may be observed in the female genital tract. 

Epithelioid sarcomas are very rare sarcomas of soft tissue that characteristically mimic 
epithelial tumors, hence their name. Afew cases of this disease involving the vulva were 
reported in the cytologic literature (Ulbright et al, 1983; Hernandez-Ortiz et al, 1995). In 
aspirated material, the authors reported the presence of polygonal malignant cells with 
eosinophilic cytoplasm, large nuclei and prominent nucleoli, mimicking cells of a clear cell 
carcinoma. It is unlikely that an accurate cytologic diagnosis of these tumors can be established 
in the absence of clinical history. 

Acase of malignant fibrous histiocytoma of the cervix, with cytologic findings, was 
described by Fukuyama et al (1986). The cytologic features included multinucleated and 
elongated (spindly) cancer cells. Zaleski et al (1986) and Foschini et al (1989) each reported 
a case of alveolar soft-part sarcoma of the vagina. In keeping with the pseudoepithelial 
histologic appearance of this tumor, large malignant cells, with eosinophilic granular 
cytoplasm, singly and in clusters, were observed in the cervicovaginal smears. The nuclei 
were eccentric and provided with large nucleoli. Characteristic intracytoplasmic crystalloids 
were documented by periodic acid-Schiff (PAS)-stain and by electron microscopy. 

An osteosarcoma, a liposarcoma, and a Wilms' tumor of the uterine cervix were 
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described (Bloch et al, 1988; Bell et al, 1985; Brooks and LiVolsi, 1987) but there is no 
information on their cytologic presentation in this anatomic location. A synovial sarcoma-like 
tumor of the vagina was described by Okagaki et al (1976). For cytologic presentation of 
sarcomas of various types and organs in aspiration biopsies, see Chapter 35. 

Malignant Mesodermal Mixed Tumors (Mullerian Mixed Tumors) 

The highly malignant mesodermal mixed tumors are most often of endometrial origin; similar 
tumors, however, may also occur in the uterine cervix, fallopian tube, the ovary, and 
organs of other than Mullerian origin, such as the urinary bladder (Model et al, 1974; 

Dictor, 1985; Wu et al, 1973; see also Chapter 23). Hence, the commonly used term “Mullerian 
mixed tumors,” is not accurate. In the female genital tract, the most common mesodermal mixed 
tumors of the endometrium occur chiefly in the menopausal age group and often appear 
clinically as polypoid lesions, sometimes protruding through the external os of the 
cervix. 
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Figure 17-2 Endometrial stromal sarcoma metastatic to lung in a 38-year-old 
woman. A. The original uterine tumor observed in 1975. The tumor was composed of 
small, spindly cells and formed small glands. The diagnosis of “stromatosis” was 
established. B. The chest x-ray of this patient in 1983 showing multiple cannonball-type 
metastases. C,D. Aspiration smears of a pulmonary lesion. C. A low-power view of the 
aspiration smear showing clusters of epithelial cells and a few scattered spindly cells. D. 
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Epithelial clusters resembling benign endometrial glands. E. Resected pulmonary nodule 
showing a histologic pattern somewhat similar to the original uterine tumor shown in A 
Elsewhere the metastases differentiated into smooth muscle. F. The metastatic foci formed 
gland-like structures which were reflected in the aspiration biopsy shown in C and D. This 
patient is known to have survived 10 years after the resection of the pulmonary nodules. 
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Figure 17-3 Endometrial stromal sarcoma metastatic to lung. A The aspiration of the 
lung nodule. The smear is composed mainly of short spindly cells without conspicuous 
nuclear abnormalities. B. A biopsy of pulmonary nodule showing endometrial stromal 
sarcoma forming glands. 



When these tumors show only elements of carcinoma with spindle cell stroma, they are 
usually classified as carcinosarcomas or spindle cell carcinomas (see below). 




Figure 17-4 Mesodermal (Mullerian) tumor of the uterus. A Clusters of epithelial cells 
resembling a poorly differentiated carcinoma. B. Spindly cells, some of which had cross 
striations in the cytoplasm. C. Histology of tumor shown in A and B. In this field, one can 
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observe poorly differentiated carcinoma with focal squamous differentiation and a fragment 
of chondrosarcoma. In D, striated spindly cells brought out by trichrome stain reflect the 
presence of a rhabdomyosarcoma. 



Histology 

These tumors are composed of a mixture of undifferentiated and differentiated 
sarcomas and carcinomas. The most common differentiated sarcoma is 
rhabdomyosarcoma (see Fig. 17-4C,D). Other sarcomatous elements may resemble 
endometrial stromal sarcoma, leiomyosarcoma, 
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chondrosarcoma, or liposarcoma (see Fig. 17-5D). The carcinomatous components are in the 
form of adenocarcinoma, squamous carcinoma, or a mixture of both. Clement and Scully (1974) 
identified a subvariant of mesodermal mixed tumors in which the epithelial component was 
morphologically benign and named it adenosarcoma. However, the behavior of adenosarcoma 
was similar to that of malignant mesodermal mixed tumor. In 1989, the same authors described 
a very rare variant of mesodermal mixed tumor with sex-cord-like elements. An exceedingly 
rare, histologically benign variant of mesodermal mixed tumor has been described (Vellios et al, 

1973; Demopoulos et al, 1973). 
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Figure 17-5 Mesodermal (Mullerian) mixed tumor of the uterus. A Sheets of poorly 
differentiated malignant epithelial cells. B. A cluster of malignant cells suggestive of a 
squamous pearl. C. Afew elongated cancer cells and a few cancer cells, most likely 
corresponding to the undifferentiated component of the tumor. D. The histology of one area 
of the tumor composed mainly of small, poorly differentiated cells and a poorly 
differentiated carcinoma forming a squamous pearl. 



Cytology 

The mesodermal mixed tumors may sometimes be recognized in cervicovaginal smears prior to 
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clinical diagnosis. The background of the smears is usually filled with necrotic material and 
fresh and old blood. Fully developed mesodermal mixed tumors usually shed abundant cancer 
cells (Figs. 17-4 and 17-5). The predominant malignant cells are usually small, of uneven 
size, round or elongated, with scanty cytoplasm and relatively large, hyperchromatic 
nuclei, wherein conspicuous nucleoli can often be seen. Elongated, spindle-form small 
malignant cells may also occur. These cells correspond to the sarcomatous component of these 
tumors, made up of small cells. Cells of coexisting carcinomas resemble those of 
endometrial carcinoma, squamous carcinoma, or both. Sometimes, carcinoma cells are 
the only malignant component observed in smears. More often, however, there is an 
association of elements of adeno- or squamous carcinoma with the small malignant cells 
described above, which is fairly characteristic of mesodermal mixed tumor. Cells of 
rhabdomyosarcoma, showing cytoplasmic cross-striations or at least markedly 
eosinophilic cytoplasm, are rarely seen. When they occur, however, they are diagnostic of 
rhabdomyosarcoma which, in most cases, is a component of a mesodermal mixed tumor (Fig. 

17-6). Identifiable cells from other forms of sarcoma, such as chondrosarcoma, are 
exceedingly rare. 

Mesodermal mixed tumor should be differentiated from endometrial or cervical carcinomas 
with undifferentiated components, which may be made up of spindly and giant tumor cells, 
thereby suggesting a co-existing sarcoma. Such tumors are often referred to as 
carcinosarcomas, but the name spindle-cell or spindle- and giant cell carcinoma appears 
more appropriate (see below). The prognosis of these tumors is better than that of mesodermal 
mixed tumors (Norris and Taylor, 1966; Model et al, 1974). The 
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separation of mesodermal mixed tumors from undifferentiated carcinomas in limited biopsy 
material may be very difficult. 




Figure 17-6 Ascitic fluid with metastatic mesodermal (Mullerian) mixed tumor of 
the uterus. Cytoplasmic cross striations are indicative of a rhabdosarcoma-like element in 
the tumor. Oil immersion magnification. (Case courtesy of Dr. Misao Takeda, Jefferson 
Medical College, Philadelphia, PA) 



Malignant Lymphomas 
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Current classification of malignant lymphomas is discussed in Chapter 31. Primary malignant 
lymphomas of the female genital tract are uncommon and only sporadic cases of such tumors 
occurring in the uterine cervix, vagina or ovary were recorded prior to 1980 (Johnson and 
Soule, 1957; Vieauxand McGuire, 1964; Iliya et al, 1968; Buchler and Kline, 1972; Katayama et 
al, 1973; Stransky et al, 1973; Delgado et al, 1976; Carr et al, 1976; Whitaker, 1976; 

Krumermann and Chung, 1978; Tunca et al, 1979). Within recent years, additional cases of 
primary malignant lymphomas of the uterine cervix have been reported (Komaki et al, 1984; 

Harris and Scully, 1984; Taki et al, 1985; Mann et al, 1987; Strang et al, 1988; Andrews et al, 

1988; Perren et al, 1992; Clement, 1993; Gabriele and Gaudiano, 2003). We have personally 
observed several examples of malignant lymphoma of the uterine cervix and vagina. Vaginal 
bleeding may be the first manifestation of this group of diseases. 






D 



Figure 17-7 Large cell malignant lymphoma primary in the uterine cervix. A,B. 
Cervical smears showing dispersed cells of lymphocytic lineage with prominent large 
nucleoli. C,D. Aspects of the cervical lymphoma which was originally misinterpreted as a 
poorly differentiated carcinoma. 



Cytology 

The cytologic recognition of small-cell malignant lymphomas (or chronic lymphocytic 
leukemias which have identical presentation) in cervicovaginal smears is difficult. The cytologic 
samples contain a monotonous population of small lymphocytes without distinguishing features, 
except for granularity of the nuclei and irregularities of the nuclear contour. Young et al 
(1985) cautioned that benign inflammatory lymphoid infiltrates of the cervix, endometrium, and 
vulva may mimic malignant lymphomas. Lymphocytic cervicitis (see Chap. 10) is a case in point. 

The presence of polyclonal plasma cells and lymphocytes or polymorphonuclear leukocytes 
within the lymphocytic 
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lesion should be construed as a warning that the lesion may be inflammatory. 

The cytologic presentation of primary large-cell lymphomas is identical with that of 
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secondary involvement (described in detail in Chaps. 26 and 31). The malignant cells, with 
nuclei rarely larger than 15 pm in diameter, are dispersed and, as a rule, do not form 
clusters. The cells vary somewhat in size, have scanty cytoplasm and have stippled, 
occasionally folded, cleaved, or creased nuclei that are often provided with large 
nucleoli (Fig. 17-7). Occasionally, the nuclei may form small nipple-like protrusions that 
should be distinguished from similar protrusions occurring in the much larger columnar 
endocervical cells (see Chap. 8). The most important differential diagnosis of large cell 
lymphomas is with poorly differentiated carcinomas. In the latter, clustering and molding of 
malignant cells is commonly seen and the nuclei are rarely cleaved or creased. Still, it is 
advisable to use immunocytochemistry to determine the nature of the tumor. This was 
described, with impressive results, in two more recent papers on this topic (Matsuyama et al, 

1989; Dhimes et al, 1996). 

The difficulties in the differential diagnosis of large-cell lymphomas of the cervix may 
extend to the biopsy material. Before the era of immunologic markers, large-cell lymphomas 
were repeatedly mistaken for anaplastic small cell carcinomas treated by surgery, occasionally 
with disastrous consequences for the patient. An abnormality of decidual cells in the cervix, 
mimicking a large cell lymphoma (reticulum cell sarcoma in the original article) has been 
reported by Armenia et al (1964). 

Nasiell (1964) presented a well-documented case of Hodgkin's disease, apparently confined 
to the cervix, with a primary diagnosis by cervical smear. Multinucleated tumor cells, similar 
to Reed -Stern berg cells, were described (Fig. 17-8). Asimilar case was described by Uyeda 
et al (1969). 

Granulocytic Sarcoma (Chloroma) 

This tumor-like manifestation of chronic myelocytic leukemia may occur in the female genital 
tract. The tumor may appear greenish on gross presentation because of the presence of 
myeloperoxidase in tumor cells and, hence, were named chloroma (from Greek, chloros = 
green). Abeler et al (1983) described two cases of this disease affecting the uterine cervix. 

Oliva et al (1997) described 11 patients with this disorder, affecting the female genital tract, 
mainly the ovaries (7 cases), but also the vagina (3 cases) and, in one case, the uterine 
cervix. The diagnosis was confirmed by histochemistry, disclosing enzymes and products 
characteristic of myelogenous leukemia. Spahr et al (1982) were the first to describe the 
cytologic presentation of this condition in the cervix, diagnosed by cervical smears prior to 
clinical evidence of chronic myelogenous leukemia. The smear was characterized by the 
presence of highly abnormal large cells, mimicking malignant lymphoma, but with 
eosinophilic cytoplasm that gave a positive reaction for Leder's esterase, a 
characteristic histochemical reaction for myelogenous leukemia. At autopsy, the diagnosis of 
chloroma of the uterus and bowel was established; the bone marrow showed pre-leukemic 
abnormalities. Asimilar case was described by Kapadia et al (1978) in an elderly patient with 
known acute myelocytic leukemia. An example of this entity is illustrated in Chapter 27. 
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Figure 17-8 Primary Hodgkin's disease of the uterine cervix in a 39-year-old 
woman. Primary diagnosis by smear. A Cervical smear showing a multinucleated cancer 
cell with large nucleoli and a few mononucleated cells showing similar nuclear features. B. 
Histologic presentation of cervix lesion. The patient was free of disease 3 years after 
hysterectomy. (From Nasiell M. Hodgkin's disease limited to the uterine cervix: A case 
report including cytological findings in the cervical and vaginal smears. Acta Cytol 8:16-18, 
1964.) 



Neuroendocrine Tumors 
Histology 

This group of tumors of the uterine cervix may have variable morphologic characteristics, 
ranging from the rare classical carcinoid tumors (Albores-Saavedra et al, 1976; Walker and 
Mills, 1987; Seidel and Steinfeld, 1988), to carcinomas resembling small cell squamous 
carcinomas, to the highly malignant variant resembling oat cell carcinoma (Johannessen et 
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al, 1980; Walker et al, 1988). The term neuroendocrine carcinomas has been applied to 
some of these tumors. The common denominator of these tumors is the presence of 
cytoplasmic neurosecretory granules in electron microscopy and immunochemical reactions 
documenting the presence of endocrine activity, such as chromogranin, serotonin, and 
synaptophysin. Such tumors may also occasionally occur in the endometrium and the ovary. 

The endocrine activity of the vast majority of these tumors has no clinical significance. As 
discussed in Chapter 11, in an exceptional case, the endocrine function of these tumors 
may have systemic effects, as in a case of serotonin-producing cervical carcinoid 
(Hirahatake et al, 1990) or an insulin-producing cervical, small cell carcinoma, causing 
hypoglycemia (Seckl et al, 1999). It must be added that metastatic carcinoma of the cervix to 
the pituitary may cause diabetes insipidus (Salpietro et al, 2000). 
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Figure 17-9 Histologic presentation of a lymphoepithelioma-like tumor of the 
uterine cervix in a 33-year-old Chinese woman. The keratin stain in B shows the 
epithelial component of the tumor which is obscured in A by the proliferation of 
lymphocytes. (Case courtesy of Prof. Shanmugaratnan, Singapore.) 
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Figure 17-10 Spindle and giant cell carcinoma of cervix. A Tumor cells in spindly 
configuration. B. Multinucleated giant cells observed in the same smear. C. The overall 
structure of the invasive tumor topped by a carcinoma in situ. D. Detail of tumor stroma 
composed of spindly cells with numerous giant cells. 
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It has now been shown that neuroendocrine features, such as neuroendocrine granules and 
corresponding immunohistologic reactions, can be observed in about one-third of invasive 
cervical carcinomas of various types, but mainly of the small-cell type (Barrett et al, 1987; 
van Nagell et al, 1988). The endocrine features have no bearing on the diagnosis. In some of 
these tumors, squamous carcinoma in situ has been observed in adjacent epithelium 
(Johannessen et al, 1980), although this feature has not been stressed by other observers. 

Groben et al (1985), Seidel and Steinfeld (1988), and Staler et al (1991) commented on the 
poor outcome of such tumors, even if diagnosed at low initial stage. Staler et al (1991) 
observed the presence of HPV type 18, and sometimes type 16, in 18 of 20 endocrine 
carcinomas. 

Cytology 

In view of the diversity of morphologic types of cervical carcinomas with endocrine features, it is 
not surprising that their cytologic presentation is equally diverse. In general, these tumors 
cannot be identified in smears as having neuroendocrine features. In most cases, the 
cells in smears have the features of high-grade carcinoma composed of small cells, 
described in Chapter 11. In a case described by Miles et al (1985), the cancer cells in the 
cervical smear had the appearance of cells of an epidermoid carcinoma and 
adenocarcinoma, next to undifferentiated cancer cells. Although the presence of 
neuroendocrine granules was documented in the tumor and a positive reaction to serotonin was 
observed in the exfoliated cells, the morphologic appearance of the tumor was that of an 
adenosquamous carcinoma. Russin et al (1987) reported another case that had the cytologic 
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presentation of an adenocarcinoma with psammoma bodies. In a case of carcinoid of the 
uterine cervix, Hirahatake et al (1990) described a population of small malignant cells with 
granular nuclei and prominent nucleoli and, hence, cytologic features not specific for carcinoid 
tumors (see Chaps. 11 and 20). Reich et al (1999), describing a case of malignant carcinoid in 
an 18-year-old woman, stressed molding of tumor cells, a feature commonly observed in oat 
cell carcinoma (see Chap. 20). 

Lymphoepitheiioma-Like Cervical Carcinoma 

A rare tumor of the cervix in which undifferentiated cancer cells were accompanied by a 
large population of lymphocytes was observed by us in a young Chinese patient in the 
1970s. The cytoplasm of the carcinoma cells was strongly positive with keratin antibodies. The 
tumor had a striking similarity to a nasopharyngeal tumor, known to occur with high 
frequency among Chinese, particularly from the southern provinces of China (see Chap. 21). 
Similar tumors of the uterine cervix were initially described by Mills et al (1985) and Hafiz et al 
(1985), and subsequently by several other observers (Halpin et al, 1989; Weinberg et al, 1993; 
Tseng et al, 1997; Reich et al, 1999) (Fig. 17-9). Epstein-Barr virus (EBV), which is often 
associated with nasopharyngeal tumors of this type, was observed by Tseng et al (1997) in 11 
of 1 5 cases of cervical tumors, but also the presence of HPV in four of them. Noel et al (2001 ) 
were unable to identify EBV but confirmed the presence of HPV in two additional patients. 

Reich et al (1999) described the cytologic features of one such tumor in cervicovaginal 
smears. The dominant feature was the presence of large, pale cancer cells with prominent 
nucleoli, accompanied by numerous lymphocytes and, hence, identical to the cytologic 
presentation of the nasopharyngeal tumors, described in Chapter 21. Proca et al (2000) 
described the cytologic findings in two patients with advanced tumors of this type. The findings 
were not specific. 

Spindle and Giant Cell Carcinomas (Carcinosarcomas) 

Histology 

Rare cancers of the uterine cervix, vagina and endometrium may show unusual patterns, such 
as spindle cell configuration, often accompanied by multinucleated giant cells (spindle 
and giant cell carcinoma sometimes referred to as “carcinosarcoma”). In the cervix or 
vagina, such tumors always contain a component of squamous cancer, either in the form of a 
high-grade precursor lesion on the surface of the tumor (HGSIL) or as nests of keratin-forming 
tumor cells within the invasive tumor and, therefore, must be considered as variants of 
squamous carcinoma. Grayson et al (2001) reported the presence of HPV type 16 in three of 
eight tumors. Of special interest was the presence of the virus in the sarcomatous component 
of the tumors, documenting still further that the spindly cells are merely a variant of squamous 
cancer. Spindly cell tumors with a glandular component are also observed in the endometrium 
(Model et al, 1974). It is generally thought that such tumors are variants of malignant 
mesodermal mixed tumors, described above. 

Cytology 

The cytologic appearance of these rare tumors is characteristic: in cervicovaginal smears, 
the tumors shed spindly tumor cells and multinucleated giant cells, usually 
accompanied by scattered asquamous cancer cells (Fig. 17-10). We have not observed 
any other tumors with these cytologic features. 
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Figure 17-11 Adenoid-cystic carcinomas of cervix. A. Low-power view of the tumor 
which is associated with a squamous carcinoma. B. Details of another tumor in which the 
configuration of the cystic spaces is well shown. Cytologic presentation of this tumor is 
discussed at length in Chapter 32. 



Merkel Cell Carcinoma of the Vulva 

A case of this most unusual tumor, with extensive metastases, was reported by Bottles et al 
(1984). For description of histologic and cytologic features of Merkel cell carcinoma, see 
Chapter 34. 

Adenoid Cystic Carcinomas 
Clinical Data 

These are rare but highly malignant tumors of the uterine cervix, occurring mainly in women 
past the age of 60. Prempree et al (1980) documented that even for tumors of clinical stage I, 
the five-year postsurgical survival was only 50% to 70%, even after radiotherapy. For tumors of 
higher stages, there were virtually no 5-year survivors in a compiled series of 43 patients. Ferry 
and Scully (1988) documented that these tumors have a more aggressive behavior pattern than 
their counterparts in the salivary glands (see Chap. 32). Thus, the adenoid cystic carcinoma 
of the cervix must be considered a highly lethal tumor, at par with the more common 
tumors of this type in the salivary glands (see Chap. 32). The tumor may occur in women of all 
ages but also in younger women (De La Maza et al, 1972; Ramzy et al, 1975; King et al, 1989). 
Acase of metastatic adenoid cystic carcinoma of cervix to the lung, mimicking primary bronchial 
tumor, was reported by Ryden et al (1974). 
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Figure 17-12 Basaloid cystic carcinoma of cervix. A Carcinoma in situ on the surface 
of the cervix was the source of abnormal cells in smears. B. An area of basaloid-cystic 
carcinoma adjacent to carcinoma in situ. The tumor was infiltrating but showed no evidence 
of recurrence after removal. (Case courtesy of Dr. William Hart, The Cleveland Clinic, 
Cleveland, OH.) 



Histology 

The tumor is characterized by densely packed, uniform small cancer cells, forming 
extracellular, cyst-like spaces, filled with eosinophilic homogeneous material consisting 
of reduplication of basement membrane. The tumors also contain small glandular 
structures producing mucus (Fig. 17-11). Morphologically, the tumors are similar to a common 
carcinoma of salivary gland origin (Ferry and Scully, 1988). Similar tumors may be 
occasionally observed in the breast, bronchus, prostate and other sites. When first 
described by the surgeon Billroth in the 1880s, the tumors were thought to be relatively benign 
with emphasis on the 
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cylindrically-shaped spaces within the tumor, hence the name cylindroma. In spite of slow 
evolution, the tumors are fully capable of metastases. In the uterine cervix, the adenoid cystic 
carcinomas are commonly associated with squamous carcinoma in situ or invasive 
squamous cancer and thus must be considered a rare variant of squamous carcinoma of the 
cervix (Ravinsky et al, 1996; Vuong et al, 1996). 

Cytology 

We have not seen an example of adenoid cystic carcinoma of the uterine cervix. Bittencourt et 
al (1979) from Brazil reported six such tumors and described the cytologic findings. Several 
additional case reports can be found in more recent literature (Dayton et al, 1990; Ravinsky et 
al, 1996; Vuong et al, 1996). The smears contained sheets of small, fairly uniform cells. In 
fortuitous cases, central spaces with the characteristic hyaline deposits could be 
observed. These cytologic findings are identical with tumors of the same histologic type 
observed in the salivary glands, trachea, or bronchus. In smears of cervix, malignant cells of 
squamous type may accompany or even conceal the presence of adenoid cystic 
carcinoma, which may be an incidental finding in biopsies. 

Adenoid Basal Cell Carcinoma (Epithelioma) 

This unusual low-grade tumor is usually discovered as an incidental finding in conization or 
hysterectomy specimens of elderly women, obtained because of cervical smears, usually 
showing a high grade squamous intraepithelial lesion or squamous carcinoma (Peterson and 
Neumann, 1995; Powers et al, 1996). The lesion was apparently first described by Baggish and 
Woodruff (1971) and by Daroca and Durandhar (1980). The lesion is composed of nests of 
small basaloid cells surrounding small cystic spaces, thus has some similarity to adenoid 
cystic carcinoma (Ferry and Scully, 1988; Grayson et al, 1999). However, the lesion is usually 
limited in size and does not spread through the cervix as observed in adenoid cystic carcinoma 
(Fig. 17-12). Brainard and Hart (1998) emphasized the essentially benign nature of the lesion 
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and suggested that the term “epithelioma” be used to describe it, thus preventing 
unnecessary treatment. 

Cviko et al (2000) hypothesized that the lesion is a peculiar form of basal cell differentiation of 
squamous carcinoma with good prognosis. HPV type 16 was observed in the squamous 
components in several cases (Jones et al, 1997; Grayson et al, 1997). 

Cytology 

The diagnosis of adenoid basal cell carcinoma is usually an incidental finding in patients with 
cytologic diagnosis of a squamous intraepithelial lesion (SIL). Powers et al (1996) observed 
clusters of small epithelial cells on retrospective review of abnormal smears in three such 
patients. These authors concluded that the cytologic diagnosis of adenoid basal carcinoma 
could not be established. The smear pattern in 11 of 12 patients studied by Brainard and Hart 
(1998) was that of a high-grade SIL that led to the discovery of the lesion. It may be concluded 
that it is virtually impossible to recognize this tumor type in cervicovaginal smears. 

Primary Mammary Carcinoma of the Vulva 

Primary mammary carcinomas may occur along the anlage of the mammary glands, the linea 
lacta, which stretches from the axilla to the vulva. On the rarest occasion, mammary carcinoma 
may be observed in the vulva (Cho et al, 1985). Such tumors may be diagnosed by aspiration 
biopsy. Metastatic mammary cancer must always be ruled out. Another point of differential 
diagnosis is carcinoma of sweat glands that may occur in the vulva and may mimic mammary 
carcinoma to perfection. For description of cytologic features of mammary carcinoma, see 
Chapter 29. 

Transitional and Squamotransitionai Carcinomas of the Cervix 

These very uncommon and poorly defined tumors are most likely variants of squamous cancer 
that may occur within the cervix and the endometrium. Lininger et al (1998) reported the 
presence of HPV type 16 in some of these neoplasms. There are no reported cases of 
cytologic presentation of these tumors. 

Malignant Melanoma 
General Data and Histology 

Primary malignant melanomas are most common in the vulva (Chung et al, 1975; Ariel, 1981; 
Bradgate et al, 1990), less frequent in the vagina (summary in Gupta et al, 2002), and 
exceedingly rare in the uterine cervix (summary in Deshpande et al, 2001). These highly 
malignant tumors are usually capable of pigment formation, although the nonpigment- 
producing variety may also be observed. The tumors originate in embryologically-derived 
neuroepithelial cells that are incorporated into the epidermis of the skin and other epithelia. The 
configuration of malignant melanomas is often similar to tumors of epithelial origin in the form of 
solid sheets of cancer cells. Hence, the differential diagnosis between a melanoma and a 
carcinoma is, at times, very difficult in the absence of pigment. Avery rare, benign 
condition, melanosis of vagina, may clinically mimic a malignant melanoma (Karney et al, 

2001 ). 

Histologic variants of melanoma, such as balloon cell melanoma, spindle cell, or sarcomatoid 
melanoma, are discussed in Chapter 34. In histologic sections from the female genital tract, so- 
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called junctional changes may sometimes be observed, although they are less common than 
in melanomas of the skin. When present, clear, large cells of melanoma are found singly and in 
clusters at the junction of the epithelium and subepithelial connective tissue (Fig. 17-13A). 

These findings are usually diagnostic of malignant melanoma in histologic material, but are 
rarely reflected in cytologic preparations. 
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Figure 17-13 Various aspects of malignant melanoma of vagina. A Histology of the 
tumor showing the so-called junctional change in the epithelium. B,C. Large tumor cells 
with pigmented cytoplasm from a 24-year-old woman. D. Giant squamous cell from the 
same smear as B and C. 



Cytology 

Cytologic presentation of primary malignant melanoma is similar for all organs of the female 
genital tract. The tumors can mimic almost any form and type of a malignant tumor. Most often, 
the tumors shed large malignant cancer cells, with abundant cytoplasm, large 
hyperchromatic nuclei, and sometimes very large, prominent nucleoli (Figs. 17-13 and 
17-14). The presence of intracytoplasmic granules of brown melanin pigment usually 
clinches the diagnosis (see Fig. 1 7-1 3B,C). Afrequent cytologic finding in melanomas of the 
vagina or cervix is the presence of multinucleated cancer cells containing two or three, 
rarely more, peripherally placed large nuclei with large, often multiple nucleoli (Fig. 17- 
14B). Occasionally, intranuclear cytoplasmic inclusions (intranuclear vacuoles) or “holes” 
may be noted (Hajdu and Hajdu, 1976). Intranuclear cytoplasmic inclusions and 
intracytoplasmic pigment deposits were observed in cancer cells in a cervical smear from a 
case of primary melanoma of the cervix reported by Fleming and Main (1994). For further 
discussion of intranuclear cytoplasmic inclusions in malignant melanomas, see Chapter 34. In 
the case shown in Figure 17-14, cells of an amelanotic malignant melanoma, and the original 
biopsy of the cervix, were interpreted initially as a poorly differentiated carcinoma. At autopsy, 
melanin pigment was documented in liver metastases. 
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It is of interest that, in the presence of melanoma, abnormalities of squamous cells may be 
observed in vaginal smears. Most striking is the presence of very large squamous 
cells with abnormal nuclei (Fig. 17-1 3D), or of pigment-bearing benign squamous cells. Such 
cells may signal the presence of disseminated melanoma elsewhere. The exact site of origin of 
such cells has not been determined, but their origin in the squamous epithelium of the vagina or 
cervix seems highly probable. 

Afew additional case reports of the cytologic presentation of primary malignant melanomas of 
the uterine cervix are on record (Mudge et al, 1981; Yu and Ketabchi, 1987; Holmquist and 
Torres, 1988). In the case of Holmquist and Torres, spindle-shaped malignant cells were 
observed and initially interpreted as leiomyosarcoma; the primary tumor involving the 
cervix and the vagina was a spindle-cell melanoma. A primary malignant melanoma of the 
vulva was diagnosed cytologically by Ehrmann et al (1962). Most lesions of this type are large 
and ulcerated when seen by the physician. The best hope for prophylaxis is a surgical excision 
of every pigmented lesion of the vulva. 

Benign, melanin-containing blue nevi, which occasionally occur in the stroma of the uterine 
cervix (Goldman and Friedman, 1967; Jiji, 1971; Kudo et al, 1983), are not known to shed any 
abnormal cells in cervical smears. 
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Figure 17-14 Primary melanoma of the uterine cervix, initially mistaken for an 
anaplastic carcinoma. A Asmall cluster of large tumor cells with prominent 
hyperchromatic nuclei shown at high magnification. B. Amultinucleated tumor cell showing 
the peripheral arrangement of the large nuclei, provided with large nucleoli. There was no 
evidence of pigment in this smear. C. Original biopsy of the cervix showing a subepithelial 
malignant tumor composed of small cells. There was no evidence of junctional changes or 
of melanin formation and the patient was treated for carcinoma. D. The patient died of her 
tumor 2 years after the original smear and biopsy and melanin formation was clearly 
evident in the liver metastasis. 
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UNUSUAL MALIGNANT TUMORS IN INFANTS AND CHILDREN 

Endodermal Sinus Tumor 

These rare tumors occur primarily in the ovary but also occasionally in the vagina or uterine 
cervix (Larry et al, 1985; Kohorn et al, 1985). Ishi et al (1998) described the cytologic features 
of one such tumor in a 10-year-old girl with high serum levels of alpha fetoprotein. 

Cytoplasmic hyaline inclusions were observed in the cytoplasm of tumor cells. For further 
discussion of this tumor, see Chapter 15. 

Primitive Neuroectodermal Tumors 

These very rare tumors have been described in the vagina and cervix (Horn et al, 1997; 

Pauwels et al, 2000; Karseladze et al, 2001). Ward et al (2000) described the cytologic findings 
in a vaginal tumor. Approximately spherical monotonous tumor cells with large nuclei and 
scanty rim of cytoplasm corresponded to rosettes characterizing this neoplasm. 

CYTOLOGY OF CANCERS METASTATIC TO THE FEMALE GENITAL TRACT 

A great many malignant tumors may produce metastases to the uterus or the vagina. 

Occasionally, the metastases may involve or reach the surface of these organs and the cancer 
cells may be found in the cervicovaginal preparations. Some of the cancer cells may also find 
their way to the vagina through the fallopian tubes, the endometrial cavity, and the endocervical 
canal, as has been shown by Bhagavan and Weinberg in 1969. It has been stated that, in 
metastatic carcinoma, the background of cervicovaginal smears is often free of 
necrotic material and debris (“tumor diathesis”) when compared with primary carcinomas. 

This is correct in some, but not all, cases. Inflammation, necrosis and blood may be 
observed in smears, particularly if metastatic cancer has formed a large lesion with a necrotic 
surface. Knowledge of clinical history is usually helpful in assessing the cytologic findings. 

Still, the history of a treated or co-existing malignant tumor outside of the female genital tract 
does not rule out a second primary tumor within the genital tract. For example, the association 
of mammary carcinoma with synchronous 
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or metachronous carcinomas of the uterine cervix, endometrium, and ovaries is not uncommon. 




Figure 17-15 Metastatic endometrial carcinoma in the vagina of a 65-year-old 
woman. A,B. Two aspects of the same smear showing clusters of small malignant cells 
with somewhat enlarged hyperchromatic nuclei. In the absence of history of prior 
endometrial carcinoma, the precise diagnosis could not be established. 
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Even if accurate clinical history is available, the correct cytologic recognition of a metastatic 
tumor, and its organ of origin, is not necessarily easy, and it is based largely on experience. In 
many instances, the diagnosis of metastatic cancer may be suspected, because the exfoliated 
malignant cells do not quite resemble any of the known patterns of cancer of the female genital 
tract. This is, admittedly, an area in which cytologic diagnosis falls into the realm of art, rather 
than science, but this is occasionally true of the histologic diagnosis of cancer as well. 




Figure 17-16 Choriocarcinoma metastatic to cervix in a 20-year-old woman. A,B. 
Two aspects of the cervical smear showing very large cancer cells with hyperchromatic 
nuclei. C. Cervical biopsy from the same case showing metastatic choriocarcinoma to the 
uterine cervix. D. Another case of choriocarcinoma with the cervical smear showing 
numerous, very large cancer cells. ( A-C case courtesy Dr. John Lukeman, M.D. Anderson 
Cancer Center, Houston, TX.) 
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Metastases From Other Component Organs of the Female Genital Tract 
Cancers primary in one organ of the female genital tract may metastasize to another 
organ. For example, metastases of ovarian or endometrial carcinoma to the vagina are not 
uncommon (Fig. 17-15). The cytologic presentation is often similar to that of the primary tumors 
(see Chaps. 13 and 14). 

Choriocarcinoma 

Choriocarcinoma, a tumor of trophoblasts from the chorionic villi of the placenta, must be 
mentioned briefly. The tumors may be a consequence of pregnancy (gestational 
choriocarcinoma) or may be derived from germ cells of the ovary or testis (review in 
Berkowitzand Goldstein, 1996). The gestational choriocarcinomas are relatively uncommon in 
the Western world, but are exceedingly frequent in Asia, parts of Africa, and Latin America. 
Many of the tumors are preceded by an important abnormality of placental villi, the 



939 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic B^sfes,RSttBBohd Unusual Disorders of the Female Genital Tract 

hydatidiform mole, characterized by a grape-like swelling of the villi, visible to the naked eye. 

The hydatidiform moles can be complete (diploid) or incomplete (triploid). Only the complete 
moles are capable of progession to choriocarinoma. Follow-up of these tumors is based on 
serum levels of human chorionic gonadotrophins (hCG). Fully malignant choriocarcinoma 
may metastasize extensively, sometimes to the uterine cervix. 




Figure 17-17 Various aspects of rectal adenocarcinoma metastatic to the uterine 
cervix. In A, the columnar shape of the cancer cells is evident. In B, the cancer cells form 
a gland-like structure. In C, the cells are columnar and dispersed. D. A histologic section of 
the original tumor. 



Cytology 

In the rare cases of metastatic chroriocarcinoma to the lower genital tract, one can sometimes 
observe the component cells of choriocarcinoma that reflect the two families of trophoblasts, 
the small cytotrophoblasts and the very large, multinucleated syncytiotrophoblasts. 

The innocent-appearing, small cytotrophic cells may be overlooked but syncytiotrophic cells are 
striking. The similarity of the large, multinucleated syncytiotrophic tumor cells to benign 
syncytiophoblasts must be noted (see Chapter 8). In most cases, however, only large cancer 
cells with single nuclei may be observed (Fig. 17-16). Because of the excellent response of 
these tumors to chemotherapy, the accurate recognition of the cytologic pattern may be of vital 
importance to the patient. History of recent pregnancy and high levels of human chorionic 
gonadotropin are helpful in diagnosis. 

The possibility of early diagnosis of these tumors by cytologic techniques should be considered 
in those geographic areas of the world where the tumor is frequent. 

Metastases From Adjacent Organs 

Carcinomas of the colon and rectum are relatively frequent invaders of the female genital 
tract. Young and Hart (1998) 
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pointed out that metastatic cancers from the intestinal tract may mimic primary carcinomas of 
the ovary. Awell-known manifestation of metastatic gastrointestinal cancer to the ovary is the 
Krukenberg tumor in which signet ring cancer cells are mixed with a spindle cell reaction in 
the ovarian stroma. Clinical complaints referable to the genital tract may be the first evidence of 
disease. In rare cases, the diagnosis of colonic cancer may be first established in 
cervicovaginal smears. 




Figure 17-18 Colonic carcinoma, first diagnosed in cervical smears in a 68-year-old 
woman. A A cluster of columnar cancer cells. B. A cluster of benign endocervical cells 
next to a cluster of tumor cells, some of which show cytoplasm distended with mucus. C. 
Histologic section of colonic carcinoma invading the uterine cervix. D. Another example of 
metastatic colonic carcinoma. The cancer cells in the center of the field have a “signet 
ring” configuration (arrow). 



The most common cytologic presentation of colorectal carcinoma is cancer cells, occurring 
singly or in thick clusters, composed of large, often columnar cells with finely stippled or 
vacuolated cytoplasm, suggestive of mucus production (Figs. 17-17 and 17-18). The columnar 
cells are sometimes arranged in parallel, palisade-like clusters or form rosettes. The nuclei 
are large, usually but not always hyperchromatic, often provided with large nucleoli. Less 
often, the cancer cells are of the signet-ring type, i.e., approximately spherical, with a large 
hyperchromatic nucleus pushed to the periphery by a large cytoplasmic mucus 
vacuole (Fig. 1 7-1 8D.) 

The differential diagnosis of colonic carcinoma comprises primary adenocarcinoma of 
the endocervix and vaginal adenocarcinoma, the latter particularly in a young woman with a 
history of maternal exposure to diethylstilbestrol (DES) (see Chap. 14). The presence of 
normal endocervical cells in the smear is in favor of metastatic colonic carcinoma (Fig. 
17-18B). Rarely, benign endocervical or endometrial cells with large mucus vacuoles and 
normal nuclei may mimic signet ring cells of colonic carcinoma. 

Urothelial (transitional cell) carcinoma of the bladder may form metastases to the female 
genital tract. In the absence of clinical history, the finding of large, multinucleated tumor 
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cells with one sharply delineated surface (umbrella cells; see Chap. 22) may occasionally 
allow for a specific diagnosis. In most cases, however, there are no distinguishing cytologic 
features that may allow the exact identification of tumor type (Fig. 17-19). It is of note that 
metastatic bladder cancer to the vagina or penis may result in changes similar to 
Paget's disease (Koss, 1985) (Fig. 17-19D; see Chap. 23). For further comments on 
metastatic urothelial carcinoma in fluids, see Chapter 26. 

Metastases From Distant Sites 

Mammary carcinoma is by far the most common source of metastases to the female 
genital tract. The cytologic presentation is very variable. Occasionally, cancer cells are 
arranged in “single file,” suggestive of lobular carcinoma (Fig. 17-20A.B) but, more often, the 
smear contains clusters of malignant cells suggestive of adenocarcinoma without distinguishing 
features (Figs. 17-20C.D, 17-21). Metastatic mammary carcinoma, particularly of the lobular 
type, may also have a signet ring cell pattern with a large vacuole occupying the 
center of the cell and the nucleus pushed to the periphery. The mammary signet ring 
cells are much smaller than the cells from tumors of the gastrointestinal tract (see 
Chap. 29). As a further point of distinction, a central condensation of mucus may be 
observed within the cytoplasmic vacuoles in mammary, but not the gastrointestinal 
cancer. Tamoxifen therapy does not protect women from developing metastatic mammary 
cancer, as shown in Figure 17-21C.D. Metastatic mammary carcinoma to endometrial polyps 
caused by tamoxifen have been reported (Houghton et al, 2003). For further description of 
mammary cancer cells, see Chapter 29. 
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Figure 17-19 Metastatic urothelial carcinoma from the urinary bladder to vagina. A- 

C. Clusters of obvious malignant cells, some of which have columnar configuration. Note 
the sharply demarcated cytoplasm in some of the cells. D. Biopsy of vagina showing the 
pagetoid appearance of the epithelium. 
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Figure 17-20 Metastatic mammary carcinoma to the uterus. A Aclassical single-file 
arrangement of breast cancer cells consistent with lobular carcinoma, shown in B. C. 
Another aspect of metastatic mammary carcinoma in which the cells form a papillary 
cluster. D. Biopsy from same case as C showing metastatic mammary carcinoma to the 
cervix. 



Cancers of a variety of other distant primary sites may occasionally form metastases to the 
female genital tract. We have observed bronchogenic, pancreatic, and renal carcinomas, to 
name only a few, although their exact identification is rarely possible in the absence of clinical 
history and prior histologic or cytologic material for purposes of comparison. Metastases from 
gastric cancer were described by Matsuura et al (1997), from a salivary duct carcinoma 
(Vinette-Leduc et al, 1999), and from a variety of sites by Gupta and Balsara (1999). 

Metastatic melanoma to the vagina, an extremely uncommon event, may also occur (Chung et 
al, 1980; Gupta et al, 2003). Undoubtedly, other metastases will be described in the future but 
their cytologic features are not likely to be specific. 
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Figure 17-21 Metastatic mammary carcinoma in cervicovaginal smears. A Large, 
loosely structured clusters of relatively small malignant cells. The precise diagnosis of 
tumor type could not be established on morphology alone. B. Biopsy of cervix in this case 
showing a large area of metastatic mammary carcinoma in the uterine cervix. C ; D. 
Metastatic mammary carcinoma in a 65-year-old woman receiving Tamoxifen therapy. C. A 
classical papillary cluster in the background of an atrophic smear. D. A smaller cluster of 
malignant cells in the same smear as C. 



Malignant Lymphomas and Leukemias 

Generalized non-Hodgkin's malignant lymphomas may involve the female genital tract 

with a frequency that is perhaps not sufficiently appreciated. They may mimic primary cancer of 
the cervix, and also of the vagina, the uterus, and the ovaries. The alert pathologist, regardless 
of whether he or she is dealing with a histologic or a cytologic preparation, may be in a position 
to render the correct diagnosis by merely considering malignant lymphoma in the 
differential diagnosis. 

Large-cell malignant lymphomas are the most common 
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form of malignant lymphoma to invade the female genital tract. Small-cell lymphomas and 
acute leukemias are cytologically identical. The cytologic presentation is identical to primary 
tumors of this type, described above. In leukemias, there is often evidence of bleeding, and 
numerous erythrocytes may obscure the pattern of the smear. Ceelan and Sakurai (1962) 
reported cytologic evidence of leukemia in 17 of 61 consecutive leukemic patients from whom 
cervical smears were obtained. It has also been recorded by Kanter and Mercer (1950) that 
ulcerative lesions of the vagina may occur in monocytic leukemia. 

Metastatic Hodgkin's disease may occasionally be observed in cervical smears. Uyeda et al 
(1969) described classic Reed-Sternberg cells with two “mirror-image” large nuclei and 
prominent nucleoli in a patient with this disorder. 
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18 

Effects of Therapeutic Procedures on the Epithelia of the 
Female Genital Tract 

HEAT, COLD, AND LASER TREATMENT 

Fleat, in the form of cautery, is an ancient remedy for local treatment of various lesions. In its 
more modern form, as the electrocautery, it has enjoyed great popularity in the treatment of 
various benign disorders of the female genital tract, such as chronic cervicitis. Large loop 
electrosurgical excision procedure (LEEP) of precancerous lesions of the cervix is another 
application of electrocautery. Other forms of locally destructive therapy include: cold, in the form 
of cryosurgery, and energy, transmitted in the form of a laser beam, used in the treatment of 
intraepithelial neoplastic lesions of the uterine cervix and of the vagina (see Chaps. 11 and 14). 
Because cytology, and particularly the cervicovaginal preparations, are extensively used as a 
follow-up measure after treatment, it is important to distinguish cell changes caused by therapy 
from evidence of recurrent cancer. 

All these forms of therapy have in common cell changes that are of two types: 

■ Initial changes, caused by tissue and cell necrosis under the impact of treatment 

■ Secondary changes, caused by epithelial regeneration following the injury 

Initial Changes 

In principle, cervicovaginal samples should not be obtained for about 6 weeks 
following treatment. However, ever so often, smears are obtained sooner and the cell 
changes seen in such material are described here. Immediately after, and for about 7 days 
following treatment, tissue and cell necrosis are the predominant features observed in 
cytologic and histologic material (Fig. 18-1 A). The necrosis is of the coagulative type and, 
hence, the affected epithelia 

P.554 

may retain their overall structure, even though their component cells may be severely injured. 
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Figure 18-1 Effects of cryosurgery and cautery. A Overview of a smear obtained 6 
weeks after cryosurgery for carcinoma of the cervix. Marked inflammation, distortion of 
squamous cells, and a few suspicious cells with hyperchromatic nuclei ( arrows ) are seen. 
B. Nuclear and cellular enlargement and nuclear haziness one week after cautery. C. 
Parabasal cells with basophilic cytoplasm and somewhat enlarged nuclei showing “repair” 
2 weeks after cautery. D. Smear obtained 4 weeks after cautery showing markedly atypical 
metaplastic squamous cells. It is impossible to determine from this smear pattern whether 
or not this patient has been cured. Further follow-up is essential. 



In cervicovaginal smears, the background usually contains cell debris and evidence of acute 
inflammation in the form of polymorphonuclear leukocytes. The resilient squamous 
cells may become enlarged because of cytoplasmic vacuolization but often retain their 
cytoplasmic silhouette. Their nuclei are either “empty” or smudged, without any internal 
structure, or show nuclear pyknosis and karyorrhexis (Fig. 18-1B). The more fragile 
endocervical cells may be enlarged and vacuolated, sometimes misshapen, with 
opaque or fragmented nuclei. For the most part, however, the endocervical cells rarely 
survive intact and usually are fragmented. Holmquist et al (1976) emphasized “distortion” or odd 
shapes of endocervical cells after carbon-dioxide laser treatment. Similar observations were 
reported after cryosurgery (Hasegawa et al, 1975). 

Thomas (1997) described an unusual procedure in the form of immediate post-LEEP 
endocervical brush to determine the presence of residual disease or lesions located beyond 
the reach of the loop. The endocervical cells were often elongated and showed distortion of 
nuclear configuration with oddly shaped, often “smudgy” nuclei. Thomas (1997) stressed the 
difficulties in the interpretation of such smears, compounded by the presence of blood and 
necrosis. The value of this procedure has not been ascertained. 

Secondary Changes 

The secondary changes are more common because they may persist for several weeks, when 
most of the follow-up smears are obtained. Starting on or about 8 days after treatment, the 
smear background usually shows evidence of inflammation and sometimes persisting necrosis. 
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Lymphocytes and macrophages, the latter sometimes multinucleated, are the 
dominant inflammatory cells. In the epithelial cells, cytoplasmic vacuolization may persist 
for as long as 6 weeks after cautery and for several months after cryosurgery (Gondos et al, 

1970). Another persisting change is slight nuclear enlargement, hyperchromasia, and the 
appearance of nuclear “folds” or lines. Within 1 week after treatment, sheets of parabasal 
squamous cells of various sizes, with well-preserved, dark nuclei with stippled chromatin 
granules and basophilic cytoplasm, may be observed, signaling the beginning of regeneration 
or “repair” of the squamous epithelium (Fig. 18-1C). Sheets of smooth muscle 
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cells may be observed in endocervical brush samples, particularly if the sampling was 
obtained before epithelial regeneration has been completed or if the brushing was very 
vigorous. 

In somewhat later stages of epithelial regeneration, cell changes of florid squamous 
metaplasia or “repair,” as described in detail in Chapter 10, may be noted. Sheets or clusters 
of parabasal squamous cells with basophilic cytoplasm and relatively large, often 
granular nuclei with prominent, large nucleoli may be observed. Nucleolar prominence has 
been emphasized by Flasegawa et al (1975) in patients after cryosurgery. Mitotic figures can 
occur in such epithelial fragments. These changes may persist for about six weeks after 
treatment. 

The duration of the therapy-induced cell changes is variable and depends on the anatomic 
extent and mode of treatment. The procedures used are not standardized and, consequently, 
significant differences occur among practitioners and institutions. If the treatment is confined to 
a small area of the cervix, its effects will be less noticeable and of shorter duration than if much 
of the epithelium of the exo- and endocervix has been treated or removed together with the 
underlying connective tissue and muscle. 

The most important practical point is the determination of whether intraepithelial neoplasia 
has been destroyed by treatment. In our experience, the diagnosis of residual disease 
should not be made until at least six weeks have elapsed after treatment, or until 
complete healing of the therapy-induced changes has taken place. Prior to that time, cancer 
cells derived from the original, adequately treated lesion may still occur in smears, 
even in patients with a favorable response. Past the 6 week deadline, the presence of 
cancer or dyskaryotic (dysplastic) cells may be interpreted in the customary fashion, described 
in previous chapters, and their presence indicates persisting disease. Flowever, the post- 
treatment cytologic examination to detect persisting lesions is not fully reliable and has its 
difficulties and failures. An example of this problem is shown in Figure 18-ID wherein the 
differentiation between atypical repair and recurrent lesion proved to be difficult until further 
smears revealed a low-grade squamous intraepithelial lesion (LGSIL). Thus, it is advisable to 
combine the cytologic follow-up with colposcopy and testing for high-risk human papillomavirus 
(FIPV). Chua and Fljerpe (1997) reported that the presence of high risk human 
papillomavirus, determined by PCR, was an important indicator of recurrent high-grade 
precancerous lesions. There is no information on the value of this procedure in patients treated 
by laser or cryotherapy. 

TOPICAL ANTIBIOTICS 

Atopical application of broad-spectrum antibiotics may result in massive desquamation of 
the squamous epithelium of the cervix and the vagina, as discussed in Chapter 11. 
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Sometimes cancer cells may be concealed by sheets of benign epithelial cells. In some cases 
of carcinoma in situ, we have observed sloughing of the cancerous epithelium, with resulting 
disappearance of the lesion. Before pronouncing an in situ carcinoma as “cured” by this 
method, it is essential to follow the patient for at least 3 years, since cancer cells may reappear 
in smears at a time when least expected. It would not be wise to rely on this chance action of 
antibiotics for treatment of precancerous lesions. These observations are reported here as a 
matter of scientific interest only. 

RADIOTHERAPY 

Nearly all of the information on the effects of radiotherapy on the organs of the female genital 
tract, be it as external irradiation, radium or implanted radioactive seeds, pertains to 
treatment of carcinoma of the uterine cervix or vagina. Although the changes in the benign 
epithelia of the female genital tract are the same for all forms of radiotherapy and all tumors, 
regardless of location, the changes observed in cancer cells are limited to cervical carcinoma, 
because there is very little reliable information on cancers in other component organs of the 
female genital tract. The effects of radiotherapy may be described as acute and chronic. 

Acute Effect on Benign Epithelia 

Graham (1947) studied extensively the immediate effect of radiation on benign squamous 
epithelium of the cervix and the vagina. She noted and described the following cellular 
changes: 

■ Marked cellular enlargement accompanied by a proportional nuclear enlargement 

■ A peculiar “wrinkling” of the nuclei 

■ Vacuolization of the cytoplasm or, occasionally, of the nucleus 

■ Multinucleation 

■ Appearance of bizarre cell forms 

The changes represent the damaging effect of radiation on individual cells and various stages 
of cell death (Fig. 18-2A). The most striking change in such smears is generalized cellular 
enlargement, usually affecting the cytoplasm and the nucleus, without a change in the 
nucleocytoplasmic ratio. For the most part, the enlarged nuclei are homogeneous and 
pale, easily recognized as benign. The “wrinkling” of the nucleus, described by Graham, 
occurs rather rarely. Unfortunately, in squamous cells, radiation may also produce 
nuclear hyperchromasia, multinucleation, and bizarre forms (Fig. 18-2C) and may render 
the differential diagnosis from cancer cells very difficult. 

The endocervical cells are well preserved, but there is a marked vacuolization and 
enlargement of both the cytoplasm and the nucleus (Fig. 18-2B). Within the nucleus, 
granules of chromatin stand out against the pale background. Corresponding changes may 
be noted in histologic sections. Bizarre nuclear abnormalities, common in squamous cells, 
are less frequent in endocervical cells. Similar observations were reported by Little (1968), 
Boschann (1981), and Shield et al (1992). 

The acute changes in the squamous and endocervical cells usually recede a few 
weeks after completion of radiotherapy 
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in favor of the chronic changes, described below. In some patients, however, these 
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changes may persist for several months after completion of radiation therapy. 




Figure 18-2 Radiation effect in cervical smears. A. Huge, multinucleated squamous 
cells after 60 Gy administered to the uterine cervix. B. Radiation effect on endocervical 
cells. The cells are markedly enlarged and contain huge cytoplasmic vacuoles. C. A huge 
multinucleated giant cell after 60 Gy. D. Persisting radiation effect 4 months after 
completion of treatment. Sheets of elongated squamous cells with hazy nuclei may be 
observed. 



Persistent Effect on Benign Epithet ia 

In some patients who have undergone radiation therapy to the pelvic area, there may be 
persistence of radiation effect upon the benign squamous and the endocervical epithelia, 
stretching over a period of many years. We have observed such changes 28 years after the 
completion of radiotherapy. The biologic phenomena that account for this effect are unknown. It 
may be speculated that, in susceptible patients, the genetic make-up of the irradiated 
epithelium has been altered. The occurrence of post-radiation carcinoma in situ (see below) 
and of cancer in organs within the field of radiation support this hypothesis. Neither the 
amount of radiation nor the manner of application appears to play a role; it is rather a matter of 
individual response to radiation injury. 

The cytologic manifestations of a late radiation effect differ from the acute radiation effect. 
The phenomena of acute injury to the cell, such as nuclear and cytoplasmic vacuolization and 
nuclear necrosis are absent. Commonly, there still is a persisting slight enlargement of cells 
and their nuclei. The squamous cells often desquamate in cohesive sheets of 
elongated cells, sometimes mimicking smooth muscle cells, with elongation of the 
rather homogeneous nuclei (Fig. 18-2D). Among the elongated nuclei, a few are often 
hyperchromatic. Multinucleation is less frequent than in the acute radiation response. The 
nuclei of endocervical cells may also show persisting enlargement and some 
hyperchromasia (Fig. 18-3A). The changes are sufficiently characteristic for an experienced 
and knowledgeable observer to diagnose late radiation effects in cervicovaginal smears. 
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Effect on Cancer Cells 

During radiotherapy, the cancer cells, regardless of type, undergo essentially the same 
changes as the benign epithelial cells, that is, cellular and nuclear ballooning and 
extensive vacuolization of both the cytoplasm and the nucleus. Occasionally, extensive 
fragmentation of the nuclei may be observed, most likely a form of cell death or apoptosis (see 
Chap. 6). Squamous cancer cells usually retain some of their cytoplasmic characteristics and 
can be recognized; however, poorly differentiated cancer cells and cells of adenocarcinomas 
usually cannot be specifically classified. Marked radiation 
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effect may enhance or obliterate some of the features of malignant cells, such as abnormal 
structure of the nuclear chromatin and the presence of large nucleoli (Fig. 18-3B). Flowever, 

some measure of hyperchromasia usually persists, as does an abnormal 
nucleocytoplasmic ratio. 




Figure 18-3 Persisting radiation effect. A Endocervical and squamous cells 5 months 
after completion of radiotherapy. Persisting large cytoplasmic vacuoles and distortion of 
cell configuration may be noted. B. Same case as in A. There is a marked atypia of 
squamous cells with large nuclei and nucleoli. It is difficult to determine from this smear 
whether or not the patient had recurrent cancer. C. Obvious bizarre squamous cancer cells 
6 months after completion of radiation treatment. In this case, the diagnosis of recurrent 
cancer was secure. D. Malignant cells 4 months after completion of radiotherapy for cervix 
cancer. 



Differential Diagnosis Between Radiated Benign and Malignant Cells 
The question of differentiation between irradiated benign and malignant cells is of academic 
interest only. If the malignant cells display radiation effect that obliterates their 
characteristic features, they are not capable of reproduction; therefore, they provide no 
information on the presence or the absence of viable tumor. Only those cancer cells 
that are either unaffected or only slightly affected by radiation are of concern in the 
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diagnosis of persistent or recurrent tumor. 

In reference to cancer of the uterine cervix, persistence of unaffected cancer cells in 
smears during and after treatment suggests that a tumor is not responding to radiation. 

However, as reported by Zimmer (1959), cancer cells may persist for as long as 3 weeks after 
completion of treatment, and yet the patients appeared to be cured and did not show tumor 
recurrence for several years. Such cases are exceptional. It must be stressed that, in spite of 
apparent favorable cytologic response of the tumor to treatment, the tumor may persist within 
the subepithelial stroma or other areas not accessible to cytologic sampling. In such situations, 
the absence of cytologic evidence of persisting carcinoma is of no clinical value whatever. 

Recurrent cancer of the uterine cervix, after successful initial treatment, may be 
recognized in cervicovaginal smears and its manifestations are identical to those of 
primary cancer, sometimes in the background of smears showing slight persisting radiation 
effect (Fig. 18-3C.D). 

Postradiation Carcinoma in Situ in the Cervix and Vagina (Post-irradiation 
Dysplasia) 

In 1961, we reported on a group of patients who, after a disease-free time interval ranging from 
1 .5 to 17 years following successful radiotherapy for invasive squamous cancer of the 
cervix, developed cytologic abnormalitiesconsistent with carcinoma in situ or closely 
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related forms of cervical intraepithelial neoplasia. The term “post-irradiation carcinoma 
in situ” was proposed by Koss et al (1961). The term “postradiation dysplasia” was 
subsequently used by Patten et al (1963) in describing this lesion. The abnormal epithelium, 
located on either the irradiated cervix or vagina, often could not be visualized on inspection 
or colposcopy and was exceedingly difficult to localize within the scarred genital tract. In some 
cases, numerous biopsies of the cervix and the vaginal mucosa were required to confirm the 
presence of postradiation carcinoma in situ (Fig. 18-4). In one of the patients of the original 
series who was treated by hysterectomy for the postradiation carcinoma in situ, there was 
associated residual metastatic carcinoma in an obturator lymph node that would not have been 
discovered and removed were it not for the vaginal lesion. It is of note that Fujimura et al 
(1991), Holloway et al (1991), and Longatto Filho et al (1997) observed the presence of 
human papillomavirus (HPV) in cervicovaginal smears of 18 women after completion of 
radiotherapy for invasive cancer of the uterine cervix. Holloway et al (1991) observed HPV type 
16 in cancer of the cervix recurring after therapy. 
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Figure 18-4 Postradiation carcinoma in situ (dysplasia). A The original pattern of 
invasive squamous carcinoma treated by radiotherapy in 1946. B. Cervical smear obtained 
13 years later (in 1959) showing large dyskaryotic (dysplastic) cells with markedly enlarged 
nuclei. C. Classical carcinoma in situ in a biopsy obtained in 1959. D. Another example of 
postradiation carcinoma in situ. The smear shows large granular nuclei with prominent 
nucleoli and mitoses. 



Subsequently, in a number of personally observed cases, the ominous significance of these 
lesions became apparent. Several patients, with postradiation carcinoma in situ (or 
dysplasia) who were followed conservatively, developed invasive carcinomas of the 
cervix or of the vagina, sometimes after many years of follow-up. In yet other patients, 
disseminated metastatic carcinoma developed within a short period of time (Figs. 18-5 and 18- 
6 ). 

The cytologic presentation of these lesions failed as a means of prognostication. Some cases 
with a cytologic presentation akin to classic squamous carcinoma required many years to 
progress to invasive carcinoma (see Fig. 18-6); others, with a cytologic presentation dominated 
by dyskaryotic 
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(dysplastic) superficial and intermediate squamous cells, hence resembling a low-grade lesion, 
were followed by rapid progression and dissemination of the tumor (Fig. 18-5). 
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Figure 18-5 Postradiation carcinoma of cervix. A The original squamous cancer 
treated by radiotherapy in 1958. B. Smear obtained in 1975 showing markedly abnormal 
cells corresponding to an intraepithelial neoplastic lesion. Several of the cells resemble 
koilocytes, suggestive of HPV infection. C. Another field of the smear shown in B. D. 
Squamous carcinoma in the left external iliac node observed in 1975, after the smear 
shown in B and C. 



Patten et al (1963) reported on a group of 28 patients with similar cytologic and histologic 
patterns, and elected to call the lesion “post-irradiation dysplasia.” One of his patients 
developed invasive squamous carcinoma after 19 months of follow-up. Wentz and Reagan 
(1970) subsequently reported on 84 patients with “post-irradiation dysplasia.” Seventy-one of 
these patients developed the lesion within 3 years or less after completion of radiotherapy for 
invasive carcinoma of the cervix, whereas 13 patients developed the lesion 3 to 12 years after 
completion of therapy. Forty-seven (56%) of the 84 patients developed recurrent carcinoma and 
the majority of them died of disease. The probability of developing recurrent cancer was 
much higher for patients who developed the post-irradiation change within 3 years or 
less than for the patients with a delayed onset. The overall 5-year survival rate for the 84 
patients was only 44%, although most of them initially had carcinomas of stage I (30 patients) 
and stage II (44 patients), wherein a much better survival rate could be expected for these 
stages of disease. This study fully confirmed the serious prognostic significance of the 
post-irradiation intraepithelial lesion, regardless of the name attached to it. 



Okagaki et al (1974) studied 60 patients who received radiotherapy for carcinoma of the cervix 
of various stages. Twenty-three patients (38.5%) showed evidence of postirradiation lesions. 
The study of DNA content of the abnormal cells by destaining the slides and re-staining with 
Feulgen stain showed diploid, polypoid, or aneuploid patterns. Twenty-seven of the 60 patients 
died; 13 of these had “post-irradiation dysplasias,” 6 of which were aneuploid. Two of the 33 
surviving patients also had aneuploid dysplasia. The conclusions of this paper, suggesting that 
DNA measurements are of prognostic value, have been confirmed by Davey et al (1992, 
1998). 

Regardless of the controversy over the name of the cytologic and histologic lesions observed 
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following completion of radiotherapy for invasive cancer of the uterine cervix, it may be 
unequivocally stated that the presence of post-irradiation intraepithelial neoplasia carries 
with it a very serious prognostic connotation. The majority of these patients will die of 
invasive and metastatic carcinoma, unless rapidly treated. 

The use of periodic cytologic examinations is mandatory following irradiation 
treatment of cervical cancer to detect local recurrences promptly and to treat them 
without delay. The early identification of post-irradiation intraepithelial neoplasia 
should lead to vigorous treatment of patients at risk. 

P.560 




Figure 18-6 Postradiation carcinoma of the cervix. A. Original squamous cancer 
treated by radiotherapy in 1968. B,C. Cervical smears obtained in 1970 showing small 
clusters of cancer cells. D. Recurrent carcinoma of the cervix documented in 1971 , hence 
3 years after completion of radiation treatment. 



Postradiation Cancers of Other Pelvic Organs 

A successful radiotherapeutic eradication of a primary cancer of the cervix or endometrium puts 
the surviving patient at risk for the development of other cancers within the radiation field. An 
excess of leiomyosarcomas and endometrial carcinomas has been observed in such 
patients (Smith and Bowden, 1948; Meredith et al, 1986). Carcinomas of the bladder and 
rectum may also occur (Fehr and Prem, 1974; Kapp et al, 1982; Russo et al, 1997). Soft 
tissues and pelvic bone are also at risk and sarcomas may develop in these organs. It 
is empirically assumed that at least 6 years must elapse between the conclusion of 
radiotherapy and the development of the new cancers within the irradiated area for the 
tumors to be classified as radiation related. It is of note that some of the radiation-related 
cancers, notably of the uterus, may be diagnosed in cervicovaginal smears (Meredith, 1986). 
We have identified several endometrial carcinomas in vaginal smears in patients 
previously irradiated for a variety of diseases, including endometrial hyperplasia (see 
Chap. 13). 
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Other Complications of Therapy for Cancer of the Cervix 
Chlamydia Trachomatis and Herpesvirus 

Several observers reported the presence of chlamydia trachomatis and herpesvirus in patients 
treated for cancer of the uterine cervix (Longatto Filho et al, 1990, 1991; Maeda et al, 1990). 

The cytologic findings were identical with those described in Chapter 10. 

Vaginal and Sexuality Changes 

Flartman and Diddle (1972) observed vaginal stenosis after radiotherapy for cervix cancer. 

Bergmark et al (1999) reported that significant abnormalities of the vagina (shortening and 
atrophy) occurred in about 25% of women treated for cancer of the, regardless of mode of 
therapy. These changes, which interfered with sexual function, have not been correlated with 
cytologic findings but it may be hypothesized that they correspond to women with postradiation 
changes in benign epithelium, described earlier. 

THE SEARCH FOR PROGNOSTIC FACTORS IN RADIOTHERAPY OF CERVICAL 
CANCER 

The treatment of cervical cancer has undergone an almost cyclic evolution since the turn of the 
20th century. The surgical treatment devised by the great pioneers, such as Wertheim and 
Schauta during the last years of the 19th century, gave way to radiation therapy early in the 
20th century, followed by a revival of the surgical approach in 
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the 1960s. Currently, both the radiotherapy and surgical treatment have their advocates and 
their opponents. 

It is obvious to all students of cervical cancer that the response of the tumor to adequate 
therapy is not always the same, in spite of apparently similar clinical presentation of the disease 
and similar manner of treatment. With the introduction of molecular genetics, it has been 
shown that the modification of certain genes governing control of the cell cycle, notably the 
retinoblastoma gene (Rb) and p53, or expression of the oncogene FIER2-neu, may be 
associated with poor treatment results in some cancers (see Chap. 7). Very little is known about 
genetic factors influencing the results of treatment for invasive carcinoma of the uterine cervix 
(see Chap. 11). Attempts have been made in the years past to determine whether histologic, 
cytologic or cytogenetic observations, or ploidy of tumor DNA may provide prognostic 
information. These efforts had only modest success in providing clinically relevant prognostic 
profiles. 

Histology as a Prognostic Factor 

Glucksmann and Cherry (1956) attempted to correlate the changes in consecutive biopsies of 
the tumor with the response to radiation therapy. These investigators observed that the 
well-differentiated squamous carcinomas respond to radiotherapy better than the less 
well-differentiated varieties. Wentz and Reagan (1959) also correlated the histologic type of 
invasive cervix cancer with response to radiotherapy. The results were somewhat different from 
Glucksmann's, inasmuch as the response to radiotherapy was best for the large-cell 
nonkeratinizing carcinoma, followed by keratinizing carcinoma. The response of the small cell 
cancer was poor. 

Our own group (Sidhu et al, 1970) observed that the results of surgical treatment of 
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carcinoma, stage I, also depended on tumor type. Keratinizing carcinomas did poorly, but 
the survival of patients with small cell cancer was surprisingly satisfactory. We also 
noted that the presence of a lymphoid infiltrate in the cervical stroma of the resected 
tumors was a favorable prognostic factor, suggestive of a good immune response. Also, 
patients older than 45 years of age at the time of diagnosis fared much better than 
younger patients. 

Cytology as a Prognostic Factor 

The late Ruth and John Graham (1951, 1953, 1954, 1960) attempted to define the biologic 
response of the patients to radiotherapy by changes in benign cells in cervicovaginal 
smears. Thus, the radiation response (RR) was the percentage of benign superficial 
squamous cells displaying radiation effect. Subsequently, the Grahams attributed significance 
to the presence of small squamous epithelial cells with finely vacuolated cytoplasm, staining 
lavender in Papanicolaou's stain (sensitivity response or SR). They reported that the 
presence of these cells correlated well with response to radiotherapy. Although the work of the 
Grahams initially found support, chiefly among Scandinavian workers, it has never received 
general acceptance. 

The concept that there are differences in the individual response to radiotherapy found some 
initial support in studies by Davis et al (1960). These workers measured the patients' response 
to radiation by administering 1,500 rads to the mucosa of the cheek of patients with 
cervical cancer. By counting multinucleated squamous cells in smears from the buccal 
mucosa as the index of radiation sensitivity, they initially found a surprisingly good correlation 
between the response of the buccal epithelium and the radiocurability of cervical 
cancer. However, in follow-up studies, the results of treatment were not convincingly favorable 
in patients with a “good” oral radiation response (Sugimori and Gusberg, 1969). 

There is no doubt that the response of the benign squamous epithelium to radiotherapy is quite 
variable, with some patients showing a remarkable response and others hardly any. Work by 
Feiner and Garin (1963), from my laboratory, on patients with ovarian and endometrial cancer 
treated by radiation, disclosed that nearly all the patients had a good radiation response. The 
reasons for this response remain obscure. In our hands, the correlation of the radiation 
response to the clinical outcome was not satisfactory. 

Cytogenetics and DNA Pioidy as a Prognostic Factor 

Atkin and his co-workers (1962, 1964, 1984) and Coxet al (1969) used cytogenetic 
techniques to assess radiosensitivity of invasive carcinoma of the uterine cervix. Atkin's data, 
based initially on karyotype analysis, and subsequently on DNA measurements, strongly 
suggested that patients with aneuploid cervical cancers respond better to radiotherapy 
and live longer than patients with diploid tumors. Conversely, the prognosis of 
endometrial and ovarian carcinomas with DNA content in the diploid range was 
superior to aneuploid cancer. As discussed in Chapter 11, the issue of DNA measurements 
in cells derived from precancerous lesions or cancer of the cervix, is highly controversial and 
may depend a great deal on the techniques used. DNA measurements by image analysis are 
discussed in Chapter 46 and by flow cytometry in Chapter 47. 



EFFECTS OF CANCER CHEMOTHERAPY AGENTS ON EPITHELIA OF THE 
UTERINE CERVIX 
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The prototype of chemotherapeutic anti-cancer agents is mustard gas [bis(|3- 
chloroethyl)sulfide], a substance first used as a war gas with devastating effects in 1917 during 
the battle of Ypres. During World War II, it was discovered that a related derivative, the 
alkylating agent nitrogen mustard (HN 2 ), was capable of selectively damaging lymphoid tissue 
in experimental animals. The target of action of alkylating agents is cellular DNA. Cross-linking 
of the double helix has been documented in vitro (summary in Koss, 1967). This mechanism 
interferes with the mitotic apparatus of cells and thereby causes cell death and, as a sideline, 
the morphologic abnormalities. This property of alkylating 
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agents has been subsequently utilized in treatment of certain malignant diseases of humans, 
such as leukemia and malignant lymphomas. Several other alkylating compounds were 
synthesized during the ensuing years for chemotherapy of cancer. 

In the late 1950s, after the introduction of these compounds as therapeutic agents, significant 
cellular abnormalities in the squamous epithelium of the uterine cervix were observed 
in the autopsy material of patients dying of leukemia (Fig. 18-7). Subsequently, sporadic 
observations in cervical smears of patients undergoing chemotherapy for various forms of 
cancer, also disclosed abnormalities of squamous cells (Fig. 18-7B). In retrospect, these 
charges were consistent with activation of human papillomavirus (HPV) infection. In the 
case illustrated in Figure 18-7A the patient was a 12-year-old virgin, strongly suggesting that 
the viral infection was an activation of a pre-existing virus. Two other alkylating agents, 
cyclophosphamide (Cytoxan, Endoxan) and busulfan (Myleran) had a major effect on a 
variety of benign tissues, resulting in significant cytologic abnormalities. 

Cyclophosphamide, an agent extensively used in the treatment of a broad variety of 
neoplastic diseases, has its effect primarily on the epithelium of the urinary bladder and is 
discussed in Chapter 22. 

Busulfan, a drug previously used exclusively in the treatment of chronic myelogenous 
leukemia, was often administered in small doses (1 to 6 mg/day) over several years. Currently, 
it is also used as one component of chemotherapeutic regimens prior to bone marrow 
transplants. 

Its therapeutic effect on neoplastic cells is beyond the scope of this chapter, but Busulfan also 
causes notable changes in benign cells of normal organs. Changes have been observed 
in the lungs, the pancreas, the spleen, the urinary tract, the uterine cervix, the breast 
and other tissues. Detailed descriptions of the changes in the respiratory and urinary tracts 
will be found in Chapters 19 and 22, respectively. Changes in the pancreas and the spleen are 
irrelevant to the topic at hand. A summary may be found in prior publications (Gureli et al, 1963; 

Nelson and Andrews, 1964; Koss et al, 1965; Feingold and Koss, 1969). 



974 / 3276 



Koss' Diagnostic Cytology &1 B& EiS^aMflbi^calftesfcis, IBtticfedures on the Epithelia of the Female Genital Tract 



* i 



*; 



-jfl 

--- , :[&, 



» 





4 



B 



Figure 18-7 Effect of chemotherapy on cervical smears. A. Section of the uterine 
cervix obtained in 1957 at postmortem examination of a 12-year-old girl treated for acute 
leukemia with a variety of drugs. The tissue pattern closely resembles the warty changes 
observed in condylomas. Also note scattered nuclear abnormalities. B. Effect of Thiothepa 
administered for a malignant tumor. A large squamous cell resembling a koilocyte is shown 
in the cervical smear. 



Busulfan Effect on Cervicovaginal Smears 

The epithelial abnormalities were observed initially in the cervices of five patients receiving 
busulfan alone and in four patients receiving other forms of therapy in addition to busulfan. 

Busulfan frequently induces artificial menopause after variable periods of administration; the 
smears assume the pattern of postmenopausal atrophy. The abnormalities involving 
principally squamous cells, resemble those seen in spontaneously occurring low-grade lesions 
or carcinoma in situ. Cell enlargement, nuclear enlargement and hyperchromasia, coarse 
granulation of chromatin, and variation in nuclear size and shape, may be observed (Fig. 

18-8). Cytoplasmic vacuolization, such as that seen in koilocytes, was also noted and 
may represent an infection with (FIPV) in immunodeficient patients (see Chap. 11). Because of 
atrophy, the abnormal cells may show distortion caused by dryness and, frequently, loss 
of cytoplasm (Fig. 18-8C). The changes resemble somewhat late irradiation effect, but the 
nuclear changes are much more pronounced. In several instances when the patients could be 
followed, the abnormalities persisted or increased, although the drug was discontinued. The 
histologic appearance of the lesions of the cervix resembles that of spontaneously occurring 
low-grade neoplastic lesions or flat condyloma (see Fig. 18-8B,D). There are no studies of 
FIPV in these lesions known to us, but the morphology is strongly suggestive of a permissive 
HPV infection. However, HPV is not likely to be a factor in nuclear abnormalities in the 
epithelia of lung, breast, or pancreas. The possibility that the alkylating agents are carcinogenic 
in humans was raised early on by Shimkin (1954) and by Boyland (1964). Interestingly, a 
patient reported 
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by Nelson and Andrews (1964) developed breast cancer while under treatment with busulfan. 

We have observed two patients, one who developed a carcinoma of the vulva under similar 
circumstances (Koss et al, 1965) and another who developed invasive carcinoma of the cervix 
after 5 years of busulfan therapy. 
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Figure 18-8 Effects of Myeleran (busulfan) effect in cervical smears. A. Cell changes 
very similar to spontaneously-occurring koilocytosis were observed several years after 
onset of busulfan treatment for chronic myelogenous leukemia. B. Biopsy of cervix 
corresponding to A showing a “warty lesion” with marked koilocytosis, suggestive of an 
active HPV infection. C. Nuclear enlargement and hyperchromasia in an atrophic smear of 
a woman treated with busulfan for chronic myelogenous leukemia. D. Postmortem changes 
in the squamous epithelium of the uterine cervix of the patient shown in C. The change is 
suggestive of human papillomavirus activation. 



Other alkylating agents, such as Thiotepa, may occasionally induce similar abnormalities of 
squamous cells in cervical epithelium (see Fig. 18-7B). It is known that patients surviving an 
intensive course of chemotherapy for various cancers are at a high risk for future cancers and 
their benefit must be carefully assessed in view of the risk factors (Kyle et al, 1975; Leone et al, 
1999; Oddou et al, 1998). 

IMMUNE DEFICIENCY 

Immunosuppressive Agents in Organ Transplantation 

Suppression of the human immune system has been introduced into the medical 
armamentarium with the onset of the era of organ transplantation. To prevent rejection of the 
transplanted organ, it became important to suppress, at least temporarily, the natural immune 
rejection mechanism. Immunosuppression may also be incidental to cancer chemotherapy (see 
above). Several of the alkylating and other chemotherapeutic agents are immunosuppressive 
by depressing one or more of the cell types active in immune response (see Chap. 5). Some of 
the most important immunosuppressive agents currently used are cyclosporine, azathioprine 
(Imuran), human anti-lymphocytic serum, certain corticoids such as prednisolone, and 
certain alkylating agents such as cyclophosphamide (Cytoxan, Endoxan) and busulfan 
(Myeleran). The mechanisms of action of these various agents are very different and the 
interested reader is referred to other sources for further information. 

The introduction of immunosuppression on a large scale, while effective in preventing 
transplant rejection in many patients, has substantially increased the frequency of certain 
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disorders that hitherto were extremely rare. This pertains to several bacterial, fungal, and viral 
diseases, which are discussed in Chapters 10 and 19 and to recognition that for the 
immunosuppressed patient, there is a significantly increased risk of cancer (Kyle et al, 

1975; Oddou et al, 1998; Leone et al, 1999). The same applies to patients with the acquired 
immunodeficiency syndrome (AIDS). Although the most frequently observed malignant 
tumors 
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are malignant lymphomas, a very wide spectrum of other types of malignant tumors have been 
observed. 

The uterine cervix is among the high-risk organs. Gupta et al (1969) were the first to 
record a case of cervical dysplasia associated with azathioprine therapy, followed by a 
report by Kay et al (1970). Besides various levels of intraepithelial neoplasia (dysplasia, 
carcinoma in situ), invasive carcinomas have also been observed (for summary, see Chassot et 
al, 1974; and Penn, 1969, 1980, 1981). 

The cervical cytologic abnormalities in the immunosuppressed patient are generally similar 
to those observed in routine material from patients with precancerous lesions or 
cancer of the cervix (Fig. 18-9AB). Occasionally, however, unusually large sizes and 
bizarre configuration of the abnormal cells may be observed (Fig. 18-9C.D). These 
epithelial abnormalities are capricious and their significance is unpredictable: in some 
instances, a carcinoma in situ has been observed and treated (see Fig. 18-9A.B); in other 
instances, the cell changes disappeared after arrest of immunosuppressive therapy (see Fig. 

18-9C.D). The experience to date strongly suggests that long-term follow-up of these patients, 
many of whom are very young, should be the rule, as is true with similar patients of the 
nonimmunosuppressed group. Again, the possibility that human papillomavirus may play a role 
in these changes cannot be ruled out. 




Figure 18-9 Effects of immunosuppressive drugs. A Markedly atypical cervical smear 
in a 27-year-old woman who received a renal transplant 2 years prior. B. A classical 
carcinoma in situ (FIGSIL) observed in the patient shown in A C,D. Atypia of squamous 
cells observed in a 24-year-old renal transplant recipient. The change vanished after 
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reduction in the dosage of immunosuppression drugs. ( C,D case courtesy of Dr. Clifford 
Urban.) 



Other Forms of Immunosuppression 

In a study of cervical and vaginal lesions associated with human papillomavirus (HPV), Shokri- 
Tabibzadeh et al (1981) reported from this laboratory on four women, three with treated 
Hodgkin's disease and one with a not-further-classified form of immune deficiency. In 
the four women, cytologic and histologic neoplastic changes were observed, and the 
presence of viral particles could be documented by electron microscopy (see Fig. 11-6). In 
one of these women, an invasive carcinoma of the vulvar introitus was observed. The immune 
deficiency of patients with treated Hodgkin's disease is well known and such patients are at 
a very high risk for development of other tumors (Arseneau et al, 1977; Brody et al, 1977; 
Krikorian et al, 1979; Tucker et al, 1988). The uterine cervix appears to be a major target, 
probably because of superinfection with HPV and its consequences. 

The confirmation of this relationship was obtained from a study of women with AIDS. As 
summarized in Chapter 11, women with AIDS have a statistically significant greater increase in 
HPV-associated cytologic abnormalities than that found for AIDS-free controls, matched for age, 
race, and sexual activity. Numerous other observations on the relationship have documented 
that AIDS is a major risk factor for cervical cancer precursors and invasive cancer. 
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ORAL CONTRACEPTIVE DRUGS 

Oral Contraceptives and Cervical Intraepithelial Neoplasia 

Widespread use of contraceptive hormonal agents has stimulated interest in the possible 
impact of these drugs on carcinogenesis of the uterine cervix. The studies were triggered by 
fortuitous observations that recipients of Planned Parenthood advice apparently had a high rate 
of precancerous lesions of the uterine cervix. Several such studies are now on record and they 
generally show a trend toward higher rates of cervical epithelial neoplasia among 
women users of oral contraceptive drugs than in the control groups who use barrier 
contraceptives (Melamed et al, 1969; see also Chap. 11). However, there is no agreement on 
whether the differences are attributable to the effect of the drugs, to a protective effect of 
barrier contraception, or to the social and behavioral characteristics of the women selecting oral 
contraceptives in preference to other modes of birth control. It is possible that protection from 
human papillomavirus superinfection is provided to women using barrier contraceptives. 
Regardless of these considerations, Planned Parenthood clinics now generally offer cytologic 
screening to women requesting and using contraceptives, undoubtedly with beneficial results 
for the recipients. 
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Figure 18-10 Effect of contraceptive medication. A Enlarged nuclei of endocervical 
cells in a 27-year-old woman, a long-term user of contraceptive medication. B. The same 
patient 6 months after discontinuation of therapy. The endocervical cell pattern was 
completely normal. C. Amultinucleated endocervical giant cell, strongly resembling the 
Arias-Stella phenomenon in a patient on contraceptive medication. D. Biopsy of endocervix 
corresponding to smear shown in C. The endocervical lining shows several large cells with 
hyperchromatic nuclei. The abnormality disappeared 6 months after discontinuation of 
medication. 



There are no known morphologic differences in the cytologic presentation of precancerous 
lesions and carcinoma of the uterine cervix in the users of any of the current methods of 
contraception. 

Other Effects 

Oral contraceptives that contain progesterone may cause nuclear enlargement in 
isolated endocervical cells, which can be quite substantial (Fig. 18-10AC). The changes, 
when seen in histologic material, often are combined with microglandular hyperplasia (see 
Chap. 10), wherein single endocervical cells have enlarged, hyperchromatic nuclei, akin 
to the Arias-Stella phenomenon in pregnancy (Fig. 18-10D; also see Chap. 8). After 
discontinuation of 
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the drugs, the changes usually disappear (Fig. 18-1 OB). Although the exact mechanism of this 
phenomenon is not known, it may be assumed that the large cells have polyploid nuclei, as has 
been shown for the Arias-Stella phenomenon. The differential diagnosis comprises dyskaryotic 
or malignant endocervical cells. The drug-induced changes are usually limited to a few 
endocervical cells, surrounded by a population of normal nuclei. In case of doubt, 
discontinuation of the drug and follow-up studies will usually solve the dilemma. 

Liver Abnormalities in Users of Oral Contraceptives 
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Although this subject is of no consequence for gynecologic cytology, it must be mentioned that 
abnormalities of the liver in the form of hamartomas, adenomas, and even hepatomas and 
angiosarcomas, have been observed in women using oral hormonal contraceptives. The 
pertinent references are listed in the bibliography. For cytologic manifestations of liver lesions in 
aspirated samples, see Chapter 38. 
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The Lower Respiratory Tract in the Absence of Cancer: 

Conventional and Aspiration Cytology 
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ANATOMY 

The respiratory tract serves the dual purpose of supplying oxygen to and removing carbon 
dioxide from the circulating blood. This exchange takes place at the level of the pulmonary 
alveoli. Oxygen-rich air is inhaled, and carbon-dioxide rich air is exhaled through a complex 

series of conduits extending from the upper or cranial portions of the respiratory tract (e.g, the 

* 

nasal cavity and the mouth ) to the thinwalled terminal alveoli of the lung via the larynx, trachea, 
and bronchi. The trachea and main bronchi are rigid, resisting collapse as pressures within the 
thorax change during respiratory movements. The musculature of the thorax and the diaphragm 
initiate inspiration by expanding the thoracic cage, thereby creating negative pressure within the 
pleural cavity that is transmitted to the elastic lungs. Avery thin layer of fluid facilitates the 
movement of the pleural surfaces against each other (see anatomy of the serous cavities in 
Chap. 25). 

The respiratory tract may be roughly divided into three portions. The cranial portion is 
supported by the bones of the skull and the cervical vertebrae; it comprises the nasal cavity 
and the paranasal sinuses, the buccal cavity, and the pharynx. The intermediate portion is 
composed of the larynx, trachea and the main bronchi; it stretches from the larynx to the hilus of 
each lung. The third portion is the lung proper, composed of lobar, segmental and smaller 
bronchi, and the alveolar system with its extraordinarily rich blood supply (Fig. 19-1A). Abrief 
discussion of the various anatomic components follows. 

Upper Airway 

The nasal cavity functions principally as a conduit for inspired air, but also serves in warming 
and moistening the air, and trapping larger dust particles. It is subdivided by the turbinate bones 
into three compartments, of which the uppermost is partially lined by the olfactory mucosa 
containing receptors for the sense of smell. The middle and lower compartments are purely 
respiratory. All three nasal compartments communicate through small orifices directly into the 
paranasal sinuses. The nasal cavity opens posteriorly into the pharynx, a space demarcated 
posteriorly by the spine and its muscles, reaching upward to the base of the skull and 
downward to be in direct continuity with the esophagus and the larynx. Of importance within the 
pharynx is the presence of rich deposits of lymphoid tissue, especially the tonsils, located 
anterolaterally on each side of the pharynx, and the pharyngeal or third tonsil (adenoids) 
located posteriorly near the base of the skull. The mouth or buccal cavity also opens 
posteriorly into the pharynx; the tongue with its complex and exquisitely developed musculature 
occupies the central portion of the buccal cavity. The ducts of numerous salivary glands open 
into the buccal cavity, providing a constant flow of saliva. 
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Intermediate Airway 

Interiorly, the pharynx communicates with the larynx anteriorly and continues posteriorly as the 
esophagus. The epiglottis forms a lid capable of closing the larynx during the act of 
swallowing and thereby prevents entrance of food particles into the lower respiratory tract. The 
larynx is contained within a system of cartilages and is in direct continuity with the trachea, a 
semi-rigid tube kept open by C-shaped rings of cartilage that are incomplete posteriorly where 
the trachea is in contact with the esophagus. Within the thorax, approximately at the level of the 
fourth thoracic vertebra, the trachea divides into two main branches — the left and right 
mainstem bronchi. 

Lower Airway 

Each mainstem bronchus enters the corresponding lung accompanied by branches of the 
pulmonary artery and veins 
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in an area designated as the hilus. The left lung is partially separated by fissures into two 
lobes; the right lung has three lobes. Thus, the mainstem bronchi divide into two lobar 
bronchi on the left and three on the right. Subsequently, each lobar bronchus divides into 
segmental bronchi (10 on the right and 9 on the left; Fig. 19-1B), which undergo 18 
dichotomous divisions into subsegmental bronchi and bronchioles that, in turn, form the 
thinwalled respiratory bronchioles, each of which opens into several alveoli. Although the 
lumina of individual bronchi become smaller with each bronchial division, the total aircarrying 
volume increases progressively to reach its greatest capacity at the level of the alveoli, which 
form the bulk of the pulmonary parenchyma. 





Figure 19-1 Diagrams of the respiratory tract. A Upper respiratory tract. B. Lower 
respiratory tract, showing lobar and segmental branching of the bronchial tree. 



Each alveolus is a small, thin-walled sac, described in detail below. Capillary branches of the 
pulmonary artery run in the alveolar walls or alveolar septa, bringing blood that is poor in 
oxygen from the right ventricle and carrying away oxygenated blood in interlobular venules to 
pulmonary veins to the left atrium. The exchange of gases takes place across the alveolar wall. 
The lung itself is nourished by branches of the bronchial arteries that come from the aorta 
and follow the branching bronchi into the lung along with the pulmonary vessels, returning 
blood through the pulmonary veins. 



Except at the hilus, the lungs are entirely surrounded by the visceral layer of the pleura. 



HISTOLOGY OF THE NORMAL RESPIRATORY TRACT 
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Epithelial Lining 

Two principal types of epithelium are encountered within the upper respiratory tract and the 
bronchial tree: nonkeratinizing, stratified squamous epithelium, which has no 
distinguishing features, and a characteristic respiratory epithelium. The olfactory mucosa, 
present in the uppermost portion of the nasal cavity, does not play a significant role in the 
cytology of the respiratory tract. The epithelia lining the respiratory alveoli and the alveolar 
macrophages will be described separately. 

Squamous Epithelium 

Stratified squamous epithelium lines the anterior portion of the nasal cavity, the mouth, 
tonsils, and central and lower portions of the pharynx. In general, the mucosa overlying and 
tightly adherent to bony structures, the hard palate, for example, and buccal mucosa that is 
subject to chronic irritation as in patients with poor dental hygiene, tends to form a superficial 
layer of keratin and therefore appears white; elsewhere throughout most of the mouth and 
oropharynx, it is nonkeratinizing (Fig, 19-2A). In the larynx, the upper or buccal aspect of the 
epiglottis is lined by nonkeratinizing stratified squamous epithelium, and the vocal cords are 
lined by a layer of thin, yet mechanically very resistant squamous epithelium (Fig. 19-2B). The 
remainder of the laryngeal mucosa may show islands of stratified squamous epithelium 
alternating with respiratory epithelium. 

Respiratory Epithelium 

Respiratory epithelium surfaces the major portion of the nasal cavity, the paranasal 
sinuses, the upper or nasal portion of the pharynx and adenoids, parts of the larynx, all of 
the trachea, and the bronchial tree (McDowell et al, 1978). 

The respiratory epithelium is a pseudostratified columnar epithelium, characterized by the 
presence of ciliated columnar cells with interspersed mucus-secreting goblet cells. The 

term pseudostratified is used to describe epithelia 
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with nuclei located at different levels, hence the stratified appearance, although most cells are 
attached to the basement membrane. The cilia are anchored to the luminal surface of the 
bronchial cells by a row of points of attachment, combining to form a readily visible dark line or 
terminal plate (see Chap. 2). At their opposite end, where the columnar cells attach to the 
basement membrane, they are tapered, leaving a triangular space between the cells within 
which are small, triangular basal or reserve cells that are the source of epithelial 
regeneration. The basic structure of the respiratory epithelium is illustrated in Figure 19-3A. 




Figure 19-2 Stratified squamous epithelium. A Oral mucosa. Note the similarity to 
squamous epithelium of the vagina, which is characteristically layered and matures toward 
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the surface. There is no keratinization. B. Vocal cord. The epithelium is stratified 
squamous but composed of tightly coherent small cells. 



The goblet cells derive their name from an approximately triangular shape, resembling a wine 
goblet, with the nucleus placed at the narrow, basal end of the cell, while the clear supranuclear 
cytoplasm is distended by mucusforming small vacuoles (Fig. 19-3B). The number of goblet 
cells is variable. They may be numerous under certain pathologic circumstances, such as 
chronic bronchitis and asthma. The fine structure of ciliated columnar and goblet cells is shown 
in an electron micrograph in Figure 19-3C. The goblet cells produce a thin layer of mucus 
that carpets the surface of the ciliated epithelium. This mucus carpet (also known as the 
mucociliary escalator) captures respired dust particles and is kept moving by the coordinated 
motion of the beating cilia in the direction of the larynx where it is removed by coughing. This 
function is lost in patients who suffer from genetic abnormalities of ciliary structure and function 
known as immobile ciliary syndrome, discussed below. 

Within the trachea and the main bronchi, the epithelium is truly stratified with two, three, or more 
layers of columnar cells, not all of which reach the surface. The cells that do not reach the 
surface have no cilia, an example of cellular differentiation determined by spatial arrangement. 

Goblet cells and ciliated cells progressively decrease in number in the smaller bronchial 
branches, and give way to nonciliated columnar and cuboidal cells. The epithelium of the 
smaller bronchioles is single layered and epithelial cells are low, columnar, or cuboidal. 

The terminal bronchiolar epithelium includes Clara cells, nonmucus-secreting cells that 
produce surfactant (see below). They are characterized by protruding apical cytoplasm 
containing PAS-positive, diastase-resistant secretory material (Fig. 19-3D) and characteristic 
electron-dense, apical cytoplasmic granules (Cutzand Conen, 1971). They can be identified 
also by immunocytochemical staining with antibody to human surfactant-associated 
glycoproteins (Balis et al, 1985). 

Asmall number of basally placed neuroepithelial cells known as Feyrter or Kulchitsky cells 
also are present, primarily at airway bifurcations. They are most numerous in fetal lungs but 
relatively sparse in the adult and are characterized by dense core neurosecretory granules in 
electron micrographs. In some individuals living at high altitudes or with chronic lung disease, 
there may be multiple minute hyperplastic nests of these neuroendocrine cells, which 
have been termed tumorlets. They have been shown to secrete a number of polypeptide 
hormones (McDowell et al, 1976b), including corticotropin that in one reported case was the 
cause of Cushing's syndrome (Arioglu et al, 1998). The Kulchitsky cells are considered to be 
the parent cells of carcinoid tumors (see Chap. 20). 

The terminal bronchioles open into a vestibule-like respiratory bronchiole with nearly flat 
epithelium from which respired air enters several communicating alveoli. 

The Alveoli 

The roughly spherical thin-walled alveolus is the functional unit of the lung, where exchange of 
oxygen and carbon dioxide takes place between air space and capillary. Ultrastructural studies 
have shown the wall of the alveolus to be surfaced by two types of epithelial cells, 
pneumocytes type I and pneumocytes type II, represented schematically in Figure 19-4A. 
Pneumocytes type I are flattened cells, few in number, with extremely attenuated cytoplasm 
that surfaces at least 90% of the alveolar wall. They have few cytoplasmic organelles, are 
metabolically inactive, cannot be visualized in conventional histologic sections, and are not 
capable of regeneration. 

R572 
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Figure 19-3 Respiratory epithelium of a medium-sized bronchus and terminal 
bronchiole. A The characteristic pseudostratified appearance of this ciliated columnar 
epithelium is due to the midcellular location of nuclei of the columnar cells and the basal 
location of nuclei of the small basal or reserve cells that lie between tapered ends of the 
columnar cells at their attachment to the basement membrane. B. Mucus-secreting goblet 
cells are interspersed between the ciliated columnar cells in this section of bronchial 
mucosa. The goblet cells are increased in patients with asthma or chronic bronchitis. C. 
Electron micrograph showing the ciliated columnar epithelial cells and interspersed goblet 
cells. Mucus is being extruded from the goblet cells. D. The respiratory epithelium of the 
terminal bronchiole is single-layered, cuboidal and nonciliated. Interspersed surfactant- 
secreting Clara cells are PAS positive (stained red). (C: Courtesy of Dr. R. Erlandson, * 
1,600.) 



The remaining 10% of the alveolar surface is occupied by more plump, rounded, or cuboidal 
pneumocytes type II. Although they too are scarcely (if at all) visible in conventional histologic 
sections of normal lung, these cells are capable of proliferating and can become hyperplastic in 
a broad variety of chronic inflammatory lung diseases. They are the source of regenerating 
pneumocytes type I. They express epithelial cytokeratins (Fig. 19-4B), are metabolically very 
active and, like the Clara cells, they synthesize alveolar surfactant, a detergent-like protein 
that lines the inner surface of the alveoli, lowering surface tension and preventing 
collapse of the airspaces (Fig. 19-4C) (Groniowski and Byczyskowa, 1964; Askin and Kuhn, 
1971). Surfactant accumulates in the cytoplasm of pneumocytes type II in the form of 
characteristic, large osmiophilic lamellar inclusions that can be demonstrated by electron 
microscopy (Fig.19-4D). The precursor proteins of surfactant and the lamellar inclusions 
are markers of pneumocytes type II. As noted, these cells can regenerate if injured, and are 
also capable of differentiating into pneumocytes type I (Kasper and Haroske, 1996). 

Pneumocytes are not likely to be recognized in specimens of sputum or bronchial brushing, but 
they can be identified in bronchoalveolar lavage (BAL) and fine-needle aspiration (FNA) 
specimens of lung from patients with chronic lung disease and may be mistaken for 
adenocarcinoma (see below). 
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Pulmonary Alveolar Macrophages 

In histologic material that has been handled carefully and processed without excessive delay, 
large phagocytic cells containing particles of dust are observed within nearly all of the alveoli 
(Fig. 19-5). These cells are sometimes referred to as dust cells or pneumocytes type III. 
Exceedingly large numbers of macrophages may be observed in the alveoli of 
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people who are heavy cigarette smokers or live in a dusty atmosphere. The ultrastructure of 
alveolar macrophages is consistent with a metabolically active cell provided with microvilli, 
lysosomes, and vacuolated inclusions. The bone marrow origin of alveolar macrophages was 
demonstrated in mice by Brunstetter et al (1971), and in humans by Thomas et al (1976) and 
Nakata et al (1999) who used the FISH (fluorescent in situ hybridization) technique (see Chaps. 

3 and 4) to demonstrate a Y chromosome in the alveolar macrophages of a female recipient of 
bone marrow from a male donor. The phagocytic function of alveolar macrophages is 
called upon in terminal bronchioles and alveoli where the respiratory tract lacks cilia, thus 
providing an additional defense against inspired foreign particles. In a series of ingenious 
experiments, Harmsen et al (1985) have shown that labeled particles instilled into the lung are 
not passively transported across the alveolar membrane but are phagocytized by alveolar 
macrophages that then migrate to lymph nodes. 




Figure 19-4 Pulmonary alveoli. A. Schematic representation of the ultrastructure of the 
alveolus showing pneumocytes type I and II, the latter with large nuclei and abundant 
cytoplasm within which are osmiophilic, dark inclusions. Overlying the pneumocytes is a 
layer of surfactant, and in the alveolar wall is a capillary separated from the alveolus by a 
basement membrane. B. The alveolus here is stained with anti-cytokeratin antibody 
(AE1/AE3) that demonstrates plump pneumocytes type II surfacing the alveolar wall, and 
the flat, greatly attenuated cytoplasm of type I pneumocytes. Pulmonary macrophages lie 
within the lumen of the alveolus. (Immunoperoxidase reaction with hematoxylin 
counterstain.) C. Immunoperoxidase reaction with anti-surfactant antibody, identifying the 
surfactant produced by pneumocytes type II. D. Electron micrograph of an alveolus 
showing the concentrically laminated cytoplasmic inclusions of surfactant precursor in the 
cytoplasm of a type II pneumocyte. (C: Courtesy of Dr. Allen Gown.) ( D: x 1 ,600). 
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CYTOLOGIC SAMPLING METHODS 
Sputum 

Spontaneously produced or artificially induced sputum is by far the simplest and most useful 
method of investigating 
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the respiratory tract. Multiple samples can be obtained at home or in the doctor's office or clinic 
without discomfort to the patient, and the diagnostic yield is excellent in many benign and nearly 
all malignant disorders. Patients should be instructed that the diagnostic material comes from 
deep portions of the lungs. They should be told to clear their nasal passages and rinse their 
mouth with water, discarding that material before collecting a specimen. Ideal diagnostic 
material is obtained from a spontaneous deep cough, which should be expelled directly 
into a wide-mouth container with fixative (vodka or whiskey will do, if necessary) and stored in 
the refrigerator where it can remain for as long as 2 to 3 weeks before processing in the 
laboratory. Often the best specimens are obtained on arising in the morning when a change in 
position will initiate a deep cough that expels bronchial secretions accumulated overnight. 




Figure 19-5 Alveolar macrophages within the alveoli. 



Unfortunately, few patients are adequately instructed in how to produce a good deep cough 
specimen, and the material submitted may consist entirely of mouth contents or saliva that is 
of no diagnostic value. Even with good cough specimens, the presence of contaminating 
material from the mouth or nasopharynx can obscure diagnostic cells and make evaluation more 
difficult. 

For patients with a nonproductive cough or no cough, it is possible to induce coughing by 
inhalation of a heated aerosol of 20% polypropylene glycol in hypertonic (10%) saline (or in 
water if the patient is salt restricted). One container may be used to collect three or four deep 
cough specimens. The composition of an adequate sputum sample is described below, and 
methods of processing are described in Chapter 44. 
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Bronchial Brushings 

With the introduction of flexible bronchoscopes (Fig. 19-6) capable of reaching subsegmental 
bronchi, the cytologic diagnosis of lung cancer relies heavily on direct bronchial brushings. Cell 
samples are obtained with a small brush threaded through a separate channel in the fiberoptic 
bronchoscope, guided to a selected site under visual control. The method permits sampling of a 
visualized mucosal abnormality or systematic sampling of all segmental bronchi to confirm and 
localize occult in situ or early invasive carcinomas detected by sputum cytology or 
suspected radiologically. Brushings may be supplemented by tissue biopsies or by 
transbronchial aspiration biopsy of lesions within reach of the fiberoptic bronchoscope, but in 
our experience, are less useful than BAL specimens for diagnosis of a more distal peripheral 
bronchoalveolar carcinoma. 




Bronchial Aspirates and Washings 

Although brushings provide a better sample of the bronchial mucosa at a given site or 
sites, aspirates and washings provide information on the status of the respiratory tract 
in small bronchi beyond reach of the bronchoscopic brush. Bronchial washing specimens 
are obtained under bronchoscopic guidance by first aspirating the accumulated contents of the 
bronchus (or bronchi) in an initial sample. Then, additional samples are obtained by repeatedly 
instilling and reaspirating (about 50 ml) normal saline from the selected bronchus or bronchi. 
The composition of samples is discussed below, and methods of processing it can be found in 
Chapter 44. 

Bronchoalveolar Lavage (BAL) 

BAL was introduced initially as a therapeutic procedure to clear the alveolar spaces of 
accumulated secretions blocking gaseous exchange, for example, in alveolar proteinosis (see 
below) and bronchial asthma (summary in Ramirez et al, 1965). Subsequently, the technique 
has been used for diagnostic purposes primarily in suspected Pneumocystis carinii 
pneumonia, replacing open lung biopsy (Stover et al, 1984; Fleury et al, 1985), and in the 
diagnosis of interstitial lung disease (Stoller et al, 1987). It has been used to identify various 
other bacterial, fungal, parasitic, and sometimes viral agents causing pulmonary infections, 
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particularly in patients with acquired immunodeficiency syndrome (AIDS) (Broaddus et al, 

1985; Kraft et al, 1998; Scaglia et al, 1998) and children with chronic granulomatous disease, 
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an inherited defect of phagocytic oxidative enzymes (Abati et al, 1996). It has also been 
reported of value in investigating and monitoring other inflammatory reactions in the lung, for 
example ozone injury of the alveolar epithelium (Bhalla, 1999), bronchiolitis obliterans 
organizing pneumonia (BOOP) (Lamont et al, 1998) and chronic pulmonary diseases, mainly 
sarcoidosis and various forms of pulmonary pneumoconioses. In patients suspected 
radiologically of having pulmonary alveolar microlithiasis, a rare disease characterized by the 
presence of alveolar calcospherites, the calcospherites can be demonstrated in BAL fluid (see 
below) (Mariotta et al, 1997). 

A recent and important application of BAL is in detecting rejection and/or infection in recipients 
of lung transplants. Rejection is heralded by an increasing percentage of polymorphonuclear 
leukocytes in the lavage specimen (Chan et al, 1996; Henke et al, 1999). BAL may sometimes 
disclose an unsuspected carcinoma, particularly bronchoalveolar carcinoma, which can 
mimic diffuse inflammatory lung disease radiologically and has been reported in patients 
monitored after lung transplantation (Garver et al, 1999). 

Procedure 

Linder local anesthetic, the bronchoscope is passed to the lung segment of interest, usually a 
secondary or tertiary bronchus, and wedged to occlude the bronchial lumen. From 100 to 300 
ml of normal saline is instilled in 20 to 50 ml aliquots, reaspirated, and the collected fluid is 
forwarded to the laboratory for processing. Evaluation of the lavage fluid is based on differential 
cell counts and immunophenotyping the cells present, as well as chemical analysis and 
bacteriologic study of the fluid retrieved from the alveolar spaces (Reynolds and Newball, 1974; 
summaries in Reynolds et al, 1977; Hunninghake et al, 1979; Crystal et al, 1984; Bitterman et 
al, 1986). If the lavage is properly performed, the cell content will be limited to the epithelium of 
the bronchioles beyond the point of occlusion and to the contents of the alveoli, mainly alveolar 
macrophages and inflammatory cells. Certain characteristics of the macrophages may be 
evaluated, for example, their ability to produce fibronectin or other factors stimulating the growth 
of fibroblasts leading to pulmonary fibrosis (Bitterman et al, 1983). The proportion and type of 
immunostimulated lymphocytes and the presence or absence of polymorphonuclear leukocytes 
also may be useful in evaluating the nature of the pulmonary disorder. The fluid may also be 
examined for the presence of surfactant. Recognition of microorganisms is described below. 

Needle Aspiration Biopsy 

The general principles of aspiration biopsy technique are discussed in Chapter 28. Special 
features of needle aspiration biopsy of the lung are described here and in Chapter 20. 

There are two techniques of pulmonary aspiration biopsy: percutaneous aspiration of lung 
lesions and transbronchial aspiration via fiberoptic bronchoscopy. Percutaneous needle 
biopsy of the lung is most commonly performed to investigate peripheral lesions that are 
inaccessible to the bronchoscope and do not desquamate cells into the bronchial tree. 

Computed tomography (CT) or, less commonly, ultrasound is used to guide the direction and 
depth of insertion of the biopsy needle; fluoroscopy is no longer used. Transbronchial needle 
aspirates, first suggested by Wang et al (1981), serve to sample enlarged para-hilar or para- 
bronchial lymph nodes or other near-hilar masses that cannot easily be reached by 
percutaneous needle biopsy. 

Contraindications to percutaneous needle biopsy include the following: 
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■ Hemorrhagic diathesis 

■ Anticoagulant therapy (unless previously discontinued with restoration of normal clotting 
time) 

■ Severe pulmonary hypertension 

■ Advanced emphysema 

■ Suspected arteriovenous malformation or aneurysm 

■ Suspicion of hydatid cyst (see below) 

■ Uncooperative patient 

Percutaneous Biopsy With Small-Caliber Needles (FNA) 

When the lesion is close to the chest wall, it can be reached with a thin, relatively short needle 
(external diameter, 0.6 mm; length, 10 cm). For deeper lesions, a longer, flexible needle (14 to 
20 cm) with the same diameter can be inserted though a thicker (17-gauge) needle that serves 
as a guide. 

Local anesthesia is applied to the chest wall and pleura. The guide is introduced into the chest 
wall, care being taken not to let it penetrate into the pleural space. The finer needle is inserted 
through the guide, and when it reaches the target in the lung, the aspiration is performed, 
moving the needle to and fro as for palpable lesions. Asingle-grip syringe may be used to 
assist in the aspiration procedure (see Chap. 28). 

Percutaneous Aspiration With Large-Caliber Needles 

Thin needles may be unsuitable for small (2 cm or less) deep-lying lesions. Such needles may 
bend during passage through the pulmonary parenchyma, and the target may be missed. A 
wider bore, sturdy needle (0.9 to 1 mm external diameter) will not bend easily and may be more 
accurately guided to the lesion. A stylus inserted into the needle lends additional rigidity to the 
needle and also prevents tissues from the thoracic wall entering the lumen of the needle as it is 
inserted. 

The technique of aspiration biopsy with a large-caliber needle is as follows. The patient is 
usually positioned horizontally on an adjustable table. An entry point, marked on the skin, is 
chosen so that the lesion can easily be reached. The skin, chest wall, and pleura are 
anesthesized. Premedication and general anesthesia are usually not necessary. With CT 
guidance, the needle is inserted at the designated entry point (close to the upper margin of a rib 
to avoid the intercostal artery) and introduced into the lesion. Care is taken to avoid large blood 
vessels and bronchi. The patient is instructed to breathe normally. When the needle has 
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reached the lesion, a change in consistency usually will be noticed. With the tip of the needle in 
the lesion, the operator rotates it clockwise and counter-clockwise to loosen small tissue 
fragments around the tip. The stylus is then withdrawn, a 10- or 20-ml syringe is attached, and 
the loosened tissue is aspirated into the needle while the patient holds his or her 
breath. The aspirated material need not (should not) be drawn beyond the lumen of the 
needle. Negative pressure is released and the needle is withdrawn from the chest. The 
aspirated material is expressed onto glass slides; the number of slides depends on the amount 
of aspirate. Air-dried and wet-fixed smears are prepared. The needle may be washed with 
sterile normal saline and the contents are preserved for cell blocks or for bacteriologic 
examination. 

Screw-Needle Biopsy 
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Now rarely used, this method is of historical interest as a technique designed to obtain 
diagnostic material from fibrocalcific granulomas, hamartomas, and other lesions that are 
not easily penetrated or aspirated with a regular needle. The intent is to avoid exploratory 
thoracotomy for diagnosis of a benign lesion. The procedure of inserting the needle is the same 
as for the large-caliber needle, described above. When the large-caliber needle reaches the 
lesion, the stylus is removed and replaced by one with a sharp point on a screw tip that 
is rotated into the target mass. The tumor, now fixed by the screw, can be penetrated by the 
needle. After some rotary movements, the instrument is withdrawn from the chest. The screw 
stylus is removed from the needle, and loose cellular material is deposited on a glass slide by 
rotating the screw. The material is smeared on one or more slides, except for sizeable tissue 
fragments that are embedded in paraffin for sectioning (Dahlgren and Nordenstrom, 1966). 

Complications of Percutaneous Aspiration Biopsy 

Serious complications are rare. The three most common complications of immediate importance 
are pneumothorax, hemorrhage, and air embolism. Also important, but exceedingly rare 
and of less immediate concern, is the possibility of seeding cancer in the needle track. 

Pneumothorax 

The frequency of pneumothorax among patients in the Karolinska Hospital series, who 
underwent single or multiple aspiration biopsies to obtain a cytologic diagnosis, was about 27% 

(Dahlgren and Nordenstrom, 1966). An approximately similar frequency of pneumothorax was 
recorded at Montefiore Medical Center. In most cases, the pneumothorax is asymptomatic and 
detected only by follow-up chest x-ray taken routinely after 6 to 12 hours; it resolves 
spontaneously, and no treatment is necessary. In about 3% of patients, the pneumothorax 
requires hospitalization and treatment (Kamholzet al, 1982). Factors influencing the frequency 
and severity of pneumothorax include the size and site of the lesion, the patient's age, presence 
of emphysematous blebs, and the operator's experience. Pneumothorax is more common in 
elderly patients and in patients with small, deeply seated lesions. The risk of pneumothorax 
precludes aspiration biopsy of the lung as an office procedure. It should be performed only 
where emergency thoracic surgical assistance is available if needed. 

Hemorrhage 

Some bleeding into the lung can be expected with every needle aspiration biopsy. In most 
cases, the bleeding is of no consequence. An occasional patient will experience transient 
hemoptysis, but we have not encountered more severe or persistent hemoptysis. In one 
instance, cardiac tamponade was reported following FNAof a lesion near the mediastinum 
(Kucharczyk et al, 1982). 

Air Embolism 

Aberle et al (1987) reported the death of a patient with Wegener's granulomatosis due to air 
embolism following percutaneous FNA. This extremely rare complication was never 
encountered during a series of 3,799 aspiration biopsies of the lung on 2,726 patients from 
Karolinska Sjukhuset (Dahlgren and Nordenstrom, 1966), nor has it been observed in many 
hundreds of patients at Montefiore Medical Center and Westchester Medical Center. 

Spread of Cancer in the Needle Track 

This complication is extremely rare. In the Karolinska Hospital series, more than 1,250 
pulmonary carcinomas were diagnosed by aspiration biopsy, but implantation metastasis was 
reported in only one patient, a 73-year-old man with inoperable squamous cell carcinoma 
(Sinner and Zajicek, 1976). Sacchini et al (1989) reported implants of pulmonary 



998 / 3276 



Koss' Diagnose- Crj/telbg^^f Rfe^Btelpafh'&taglidrBtosaAitsSyinfelof Cancer: Conventional and Aspiration Cytology 

adenocarcinoma in the chest wall of a 57-year-old woman 3 months following percutaneous 
FNAand resection of the lung cancer; a single additional case was reported by Moloo et al 
(1985). Similar complications were observed and illustrated by Koss et al (1992) and by 
Yoshikawa et al (2000). Considering that many thousands of such procedures are performed 
annually worldwide, this complication is still rare enough to be reportable. 

Transbronchial Needle Aspiration 

Transbronchial needle aspiration, first described in 1981 by Wang et al, is performed during 
bronchoscopy when an extrabronchial lesion is suspected. Athin, flexible needle is inserted 
through the bronchial wall into the suspected lesion via the bronchoscope, and the cellular 
material is aspirated and processed as for percutaneous biopsies. 

CYTOLOGY OF THE NORMAL RESPIRATORY TRACT 

Squamous Epithelium 

The squamous epithelium of the buccal cavity is constantly washed by saliva; therefore, the 
changes induced by cellular dryness are exceedingly uncommon. The exfoliated superficial 
squamous cells, which predominate in specimens of saliva as they do in scrape smears of 
other squamous mucosal surfaces, are similar in all respects to the superficial and intermediate 
squamous cells of the female genital tract. 
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There may be karyomegaly of occasional cells without apparent significance (Fig. 19-7A). 

Occasionally also, smaller squamous cells with relatively large but uniform nuclei may be 
present, comparable to the parabasal cells of cervicovaginal cytology specimens (Fig. 19-7B). 

They may be present singly, but are often in plaques and encountered more commonly in 
inflammatory disorders of the oral cavity. They are presumed to represent incomplete 
maturation of regenerating epithelium. Onion-like arrangements of benign squamous cells 
(i.e., squamous pearls) (Fig. 19-7C) and occasionally small spindly squamous cells also may 
be observed. Anucleated squamous cells are few, if present at all, but may exfoliate from the 
normal mucosa overlying and fixed to bone (e.g., hard palate), or from sites of chronic irritation 
as occurs with poor dentition. The presence of large numbers or plaques of anucleated 
squames (Fig, 19-7D) is abnormal and is an indication of oral leukoplakia (see Chap. 21). 

Respiratory Epithelium 

Contrary to squamous epithelium, which desquamates easily and is well represented in all 
exfoliated samples, the normal respiratory epithelium does not desquamate freely. 

Consequently, cells derived from this epithelium are uncommon in sputum and are typically 
seen in specimens obtained by bronchial brushing or aspiration, or after other procedures 
that dislodge them from their epithelial setting, such as bronchoscopy. If they are present at all 
in a sputum specimen, it is an indication of prior instrumentation, trauma, or severe cough. 

Flowever, respiratory epithelial cells may also originate in the nasal cavity or nasopharynx; 
therefore, their presence in a specimen is not absolute insurance of origin from the lower 
respiratory tract. 
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Figure 19-7 Squamous cells in saliva. A Superficial squamous cells of oral mucosal 
origin similar to those of cervicovaginal specimens. Note the single cell exhibiting moderate 
karyomegaly, and the bacterial background typical of saliva. B. A cluster of small 
squamous cells from deep layers of the epithelium, resembling the parabasal cells of 
cervicovaginal specimens. They are derived from an inflamed or ulcerated mucosa. The 
cells retain “intercellular bridges’’ and exhibit some cytoplasmic and nuclear 
hyperchromasia. C. Benign squamous pearl. Nuclei are small and innocent in appearance, 
and usually more numerous than in a malignant pearl. D. A plaque of anucleated 
keratinized cells suggestive of leukoplakia. 



Ciliated Cells 

Respiratory epithelium is readily recognized in cytologic material by the presence of ciliated 
columnar cells (Fig. 19-8A; see also Fig. 2-4). 

Columnar cells may appear singly or in groups or clusters of cells, depending on how forcefully 
they have been dislodged. In brush specimens, large numbers of bronchial cells are 
commonly observed, sometimes forming clusters of considerable complexity (Fig. 19-8B), and 
sometimes also with adherent reserve or basal epithelial cells (Fig. 19-8C). 
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At the periphery of such clusters, normal ciliated cells may appear at a right angle to the main 
axis of the cluster, giving the impression of feathering, clearly an artefact induced by brushing 
(Fig. 19-8B). 
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Figure 19-8 Benign bronchial cells. A Bronchial washing specimen showing dissociated 
normal ciliated columnar bronchial cells. The terminal plates to which the cilia are attached 
are well demonstrated in these optimally fixed cells. Nuclei may be relatively large and 
bulge out the bronchial cell (oil immersion). B. Bronchial brushing specimen showing 
bronchial cells in a cluster with some cells projecting out of the cluster to give a 
“feathering” appearance. C. Another cluster of bronchial cells in a brush specimen with 
adherent basal or reserve cells. D. Cuboidal bronchial cells derived from a peripheral 
bronchiole. Note one flat cell border. 



The individual cells, derived from larger bronchi, are typically cilia bearing and columnar in 
configuration, measuring about 30 to 50 pm in length and 10 to 15 pm in width. Much 
smaller, approximately square bronchial cells with scanty cytoplasm and a flat surface, 
with or without cilia, derived from terminal bronchioles, are occasionally observed (Fig. 19-8D). 

There is a prominent linear thickening or flat terminal plate at the luminal end of the 
columnar cell, anchoring the cilia (Fig. 19-8A). On close inspection, under very high 
magnification by light microscopy, the terminal plate is composed of a series of confluent 
dots representing roots of the cilia or basal corpuscles. In a well-executed Papanicolaou 
stain, the cilia stain a distinct pink color. While cilia may be damaged or lost, the terminal 
plate is usually preserved (Dalhamn, 1970). The opposite or basal end of the cell tapers off 
to terminate in a whip-like process representing the former point of attachment to the basement 
membrane. 

Clusters or sheets of dislodged respiratory cells lying flat on the slide and viewed from the 
luminal surface have a honeycomb appearance, formed by the cytoplasmic borders of 
adjacent cells, not unlike endocervical cells (Fig. 19-9A). 

The cytoplasm of the ciliated epithelial cell seen in profile is homogeneous and lightly 
basophilic or less commonly eosinophilic. Rarely, small mucus vacuoles may be observed. In 
the supranuclear cytoplasm of some bronchial cells, there are granules of brown lipochrome 
pigment, more commonly found in older patients and considered a “wear and tear” pigment 
(Fig. 19-9B). Rarely, the entire cytoplasm may eventually be filled with this pigment. 



The nuclei are usually very finely textured and oval in shape, with their long axis 
corresponding to the long axis of the cell. Sometimes, the nucleus appears to be larger than the 
transverse diameter of the slender cell, resulting in a slight bulge at the level of the nucleus 
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(Figs. 19-8Aand 19-10C). However, electron micrographs show that the nucleus is always 
surrounded by a rim of cytoplasm. Within most bronchial cell nuclei, there are usually one or 
two small, but distinct, chromatin granules and sometimes a tiny nucleolus. The sex 
chromatin (Barr body) may be readily recognized in females (see Fig. 2-4). 
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Figure 19-9 Benign bronchial cells. A. Aplaque of bronchial cells seen on end has a 
honeycomb appearance much like endocervical cells. B. Lipochrome pigment in the 
cytoplasm of a bronchial cell. This is generally considered to be an aging phenomenon and 
has no diagnostic significance. C. Bronchial cell with a nuclear hole attributed to an artefact 
of preparation has no diagnostic significance. D. Dissociated single goblet cells in a 
bronchial brush specimen showing the supranuclear cytoplasm distended by multiple 
packets of mucin. (D: oil immersion.) 



The position of the nucleus relative to the ciliated cell surface is variable, usually midway 
between the ciliated or luminal end of the cell and the tapered basal end. Chalon et al (1971) 
reported that in women of childbearing age, the position of the nucleus in the ciliated cells 
varies according to the time of the menstrual cycle, from a basal position in the proliferative 
phase of the cycle, to midposition after ovulation and to a position closer to the ciliated plate 
toward the end of the secretory phase. In men and postmenopausal women, he found that the 
position of the nucleus was always distant from the ciliated plate. Chalon et al attributed these 
variations to a changing mucopolysaccharide content of the cells during the cycle. To our 
knowledge, this has not been studied or confirmed by others. 

The normal nuclei may also show folds or creases and sometimes, intranuclear 
cytoplasmic inclusions, or clear intranuclear “holes” (Fig. 19-9C). We find the latter to be 
more common in cancer cell nuclei. Dense nuclear protrusions (nipples) may also be 
observed in benign bronchial cells and are similar to those observed in endocervical cells at 
midcycle (see Chap. 8). Koizumi (1996) concluded that the “nipples” were a common 
nonspecific effect of mechanical forces during specimen collection or processing. 

Goblet Cells 

The mucus-producing goblet cells are less common than ciliated cells. They are approximately 
the same length but usually wider than the ciliated cells, with a basally placed nucleus and 
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distended supranuclear cytoplasm that is tightly packed with faintly basophilic tiny 
vacuoles representing packages of mucus. The much wider cytoplasm of these cells toward 
their luminal surface accounts for the “goblet” shape (Fig. 19-9D). The nuclei, located near the 
narrow, basal end of the cell are similar to those of ciliated cells, described above. Cilia are 
absent but faint streaks of mucus topping the broad luminal end of the goblet cell, may 
superficially resemble cilia, and can easily be differentiated by the absence of a terminal 
plate. If there is goblet cell hyperplasia as a result of asthma or chronic irritation, goblet cells 
will be present in increased numbers in brush specimens, as in Figure 19-9D. This finding may 
be of clinical significance and should be recorded. 

Basal or Germinative Cells 

The basal or germinative cells of the respiratory epithelium are the source of epithelial 
regeneration and normally form a single layer of cells on the basement membrane. In response 
to inflammation or injury, these cells may proliferate 
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and form several layers, resulting in basal or reserve cell hyperplasia. The significance of 
basal cell hyperplasia in the diagnosis of benign disease and neoplasia is addressed later in 
this chapter. 




Figure 19-10 Pulmonary macrophages (dust cells). These cells come from the alveolar 
spaces, and are most abundant in BAL specimens. They are present in deep cough 
specimens of sputum, usually with a few leukocytes. There is variation in amount and 
staining of cytoplasm, which may have a yellowish color due to the presence of 
submicroscopic dust ( A ), or be densely crowded with phagocytized brown or black particles 
that obscure the nucleus ( B ). In the absence of phagocytosis, as illustrated in C, the 
cytoplasm may be finely vacuolated. Macrophages may be binucleated or multinucleated 
( D ), and the reactive cells have multiple nuclei or prominent nucleoli. ( C,D : oil immersion.) 



Other Epithelial Cells 

Other components of the normal respiratory tract epithelium such as Clara cells, 
neuroendocrine (Kulchitsky) cells, or pneumocytes types I and II are difficult or impossible 
to identify in clinical specimens of cytologic material without use of special cytochemical 
techniques (see Figs. 19-3D and 19-4C). Hyperplastic or atypical pneumocytes type II, 
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which may be seen in certain benign lung disorders, can enter into the differential 
diagnosis of cancer (see below). 

Artefacts Induced by Delayed or Inadequate Fixation 

If the fixation of the smears is delayed, there may be drying artefact, resulting in slight-to- 
moderate cellular and nuclear enlargement, loss of staining intensity and cellular detail, and 
often distortion of the bronchial cells with loss of cilia, but usually preservation of the 
terminal plate. Artefacts of nuclear staining caused by drying are generally well 
recognized, and typically manifest as nuclear enlargement, hypochromasia, and loss of nuclear 
detail. Drying artefact is most marked at the periphery of cell clusters and in isolated single 
cells, yet the basic uniformity of nuclear size and structure and the preservation of the 
nucleocytoplasmic ratio is still appreciated, supporting a benign diagnosis. The drying artefact 
may enhance the vacuolated appearance of the goblet cells' cytoplasm. 

Mesothelial Cells 

Although limited to the serosal surface of the lung, these cells are commonly observed in 
needle aspirates of peripheral lung lesions. They form flat clusters of cells that are separated 
by clear spaces or “windows,” but may contain large nucleoli and be mistaken for cancer cells. 

For further discussion, see Chapters 20 and 26. 

Alveolar Macrophages 

The alveolar macrophages are of great importance in evaluating cytologic material from the 
respiratory tract. Their 
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presence confirms origin of the sample from pulmonary alveoli, hence the deeper 
portions of the respiratory tract, and sputum specimens are rarely of diagnostic value in their 
absence. Macrophages are most abundant in sputum specimens from cigarette smokers and in 
specimens from patients living in dusty environs, for example, from farmers. In BAL specimens, 
they are the predominant cell type, and present in abundance. The origin of these cells from 
bone marrow has been discussed above. 

Macrophages appear most commonly as spherical or oval cells measuring from 10 to 25 pm 
or more in diameter. Their cytoplasm, usually amphophilic, may be abundant or limited in 
amount, basophilic or acidophilic, and usually contains a variable amount of phagocytized gray, 
brown, or black granular dust particles, hence the name dust cells, which is occasionally used. 

The dust particles may be below the resolving power of the microscope and simply lend a faint, 
usually yellowish color to the cytoplasm (Fig. 19-10A), or they may be numerous and dense, 
and completely obscure details of the cell structure (Fig. 19-1 OB). In smokers, as pointed out by 
Mellors (1957) and later by Roque and Pickren (1968), some of the granules fluoresce in 
ultraviolet light. In the absence of dust, the cytoplasm may contain fine vacuoles (Fig. 19-10C). 

As a rule, the periphery of the cells is sharply demarcated, but there may be one or several 
cytoplasmic extensions or processes. Walker and Fullmer (1971) described nipple- or tail- 
shaped eosinophilic cytoplasmic extensions of variable size, usually located at opposite 
ends of elongated macrophages. These cytoplasmic “tails” stain brilliantly eosinophilic, often in 
sharp contrast with the remainder of the cytoplasm. Such cells have been observed mainly in 
smokers and in people exposed to toxic inhalants (Frost et al, 1973), but their significance 
remains unknown. 

The nuclei of macrophages vary in size and number but are generally round, oval, or kidney- 
shaped, about 5 to 10 pm in diameter, with fine, evenly dispersed chromatin and small nucleoli. 
Binucleation is common, as are large multinucleated macrophages (Fig. 19-10D), including 
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an occasional giant macrophage resembling Langhans' or foreign body giant cells. Kern et al 
(2003) found multinucleated cells with 3 to 10 nuclei in the majority of their patients, and at least 
a few multinucleated giant cells with more than 10 nuclei in BAL specimens from 10% of their 
patients. The latter were most common in sarcoidosis, but also viral infections, asbestosis, and 
various interstitial lung diseases including hard metal pneumoconioses. Kinoshita et al (1999) 
described bizarre macrophages of possible diagnostic value in the BAL specimens of two hard- 
metal workers. 

The pulmonary macrophages, which are best studied in BAL specimens, not only phagocytize 
and remove respired dust particles that are not eliminated by the ciliated bronchial cells, they 
are the primary defense against invading organisms and are responsible for removing 
dead or damaged cells and any foreign matter. They are metabolically active cells that also 
ingest and process antigens for presentation to T lymphocytes and thus mediate a great 
many immunologic reactions. Activated macrophages produce cytokines that recruit other 
inflammatory cells and growth factors for fibroblasts and blood vessels (Abbas et al, 1991). 

Smoking adversely affects the pulmonary alveolar macrophages, as do a number of infectious 
and idiopathic disorders. 

The functional activity of the alveolar macrophages can be estimated by a number of different 
techniques that include quantification of phagocytosis and immunocytochemical estimates of 
lysosomal enzyme activity — a marker of phagocytic cells. Like other monocytes, they express 
the antigens CD-14 and CD-68, and exhibit strong, diffuse, nonspecific esterase and acid 
phosphatase activity; 5'-nucleotidase is a marker of activated macrophages. Wehle and Pfitzer 
(1988) reported increased activity of nonspecific esterase in smokers and in persons with 
bronchial asthma. 

Leukocytes 

Polymorphonuclear leukocytes in small numbers are very common in cytologic specimens 
from the normal respiratory tract, especially in cigarette smokers. Kilburn and Mc-Kenzie (1975) 
pointed out that particulate matter in cigarette smoke recruits leukocytes to the bronchial tree. 

However, a finding of numerous polymorphonuclear leukocytes, particularly in the presence of 
necrotic material in an acutely ill patient, suggests a major inflammatory process such as 
pneumonia or abscess (Fig. 19-11A). 

Eosinophils (Fig. 19-1 IB), or the elongated Charcot-Leyden crystals derived therefrom (Fig. 

19-1 1C), suggest an allergic process, such as bronchial asthma. 

Lymphocytes, singly or in pools, are a common finding in various inflammatory disorders; their 
presence in the appropriate clinical setting is consistent with follicular bronchitis (see below), 
but it must be remembered that they may be dislodged from tonsillar tissue in subjects 
without disease. In these benign conditions, there is typically a mixture of mature small 
and medium lymphocytes with scattered large reactive lymphoblasts and phagocytic 
macrophages (Fig. 19-1 ID). In lymphomas and leukemias, on the other hand, the lymphoid cells 
are more uniform. They present as small mature lymphocytes in the case of small-cell 
lymphocytic lymphoma or chronic lymphocytic leukemia, or as immature lymphoblasts or 
atypical mononuclear cells. Small-cell carcinoma is characterized by cells with irregular, 
hyperchromatic nuclei with coarse chromatin, nuclear molding, necrosis and streaks of DNA 
(see Chaps. 20 and 26). Tassoni (1963) stressed that pools of lymphocytes in small numbers 
may accompany lung cancer and that their presence warrants careful examination of the 
cytologic material. This has not been confirmed by others, and we have not found it useful. It 
should be noted that cigarette smokers have increased numbers of inflammatory cells in their 
airways and specifically, an increased number of CD8+ (suppressor) T lymphocytes, 
particularly in the presence of chronic obstructive pulmonary disease (Saetta et al, 1999). 
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Plasma cells are a frequent component of chronic inflammatory processes, particularly those 
involving the mouth and oropharynx. 

Monocytes may be observed occasionally and are now known to be precursors of the larger 
alveolar macrophages. 
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Using fresh sputum, Chodosh (1970) found monocytes comprising 1% to 2% of the cells in 
specimens from patients with chronic bronchitis and chronic bronchial asthma. 
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Figure 19-11 Leukocytes. A. Polymorphonuclear leukocytes (PMNs), when present as 
the predominant cell type in a cough specimen or bronchial aspirate, and particularly if 
associated with necrotic cellular debris, indicate an acute inflammatory process such as 
pneumonia, bronchiectasis, or lung abscess. B. Eosinophils, if present in at least moderate 
number, are an indicator of an allergic inflammatory process and most commonly 
associated with asthmatic bronchitis. C. Needle-shaped Charcot-Leyden crystals may 
accompany marked eosinophilia. (Bronchial wash, high magnification). D. Pools of 
lymphocytes may be dislodged by bronchoscopy or after vigorous coughing from tonsillar 
tissues or lymphoid aggregates in lymphocytic bronchitis (follicular bronchitis). Mature 
lymphocytes are mixed with follicular lymphoblasts and histiocytes. They should not be 
mistaken for lymphoma or for SSC (see Chap. 20) (High magnification). 



Mast cells have also been observed in material obtained by bronchial brushing (Patterson et 
al, 1972). 



Megakaryocytes released from the marrow in vertebral or pelvic bones enter the systemic 
venous system and traverse, or are sometimes trapped in capillaries of the lung (Fig. 19- 
12A). In passing through the pulmonary capillary bed, the megakaryocytes become 
elongated and are stripped of cytoplasm that is broken into platelets (Melamed et al, 
1966). Inevitably, some find their way into the alveolar air space, and on rare occasions, they 
may be found in sputum, bronchial brushings, or FNA specimens of the lung (Fig. 19- 
12B). They may be relatively well-preserved, with multilobate nuclei and abundant cytoplasm, 
but more commonly are only sausage-shaped nuclei. 



Other Nonepithelial Cells 
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Takeda and Burechailo (1969) reported the presence of smooth muscle cells in sputum of a 
patient who had the pulmonary form of Wegener's granulomatosis with bronchial ulceration. 

They pointed out the difficulty in correctly identifying these cells. We have seen smooth muscle 
cells on occasion in bronchial brush specimens, presumably due to vigorous brushing (Fig. 19- 
12C). 

Noncell ular Endogenous Material 
Curschmann's Spirals 

Curschmann's spirals are casts of inspissated mucus, derived from and shaped by the 
lumens of small bronchi. The characteristic coiled appearance of the spirals, with a dark 

central axis and a translucent periphery, allows easy recognition (Fig. 19-13A). 

The presence of Curschmann's spirals has long been considered diagnostic of chronic 
bronchitis or asthma, diseases in which there is an increased number of goblet cells and 
increased secretion of mucus. However, Curschmann's spirals are likely to be found in patients 
with goblet cell hyperplasia or metaplasia and increased mucus secretion of any cause. Walker 
and Fullmer (1970) documented that 
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over 90% of asymptomatic cigarette smokers have such spirals in their sputum. Plamenac 
et al (1972) found Curschmann's spirals in the sputum of former cigarette smokers for 6 years 
after cessation of smoking. There was no correlation found between the daily consumption of 
cigarettes and the number of spirals per specimen. 
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Figure 19-12 Uncommon cell types. A Megakaryocyte trapped in alveolar capillary of 
lung. B. Megakaryocyte with multilobulated nucleus and abundant, ragged cytoplasm seen 
in an FNAof lung. Most megakaryocytic nuclei are stripped of cytoplasm as they pass 
through the alveolar capillaries. C. Bronchial brush specimen with a cluster of spindly 
smooth muscle cells that have elongated nuclei with rounded ends (A; Oil immersion). 



Inspissated Mucus 

Inspissated, amorphous mucus may form small, dark staining, structureless bodies (blobs) 
that occasionally have the size and shape of nuclei (Fig. 19-13B,C). We have observed 
situations where they were mistaken for nuclei of cancer cells, particularly if they happened 
to overlay a cell. Close attention must be paid to the absence of any internal structure in the 
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blobs of mucus. 

Corpora Amylacea 

Corpora amylacea are spherical, translucent structures that may be found in alveoli of 
people who have had previous episodes of pulmonary edema. Such structures, which in all 
likelihood represent a condensation of proteins, may be observed on occasion in sputum (Fig. 

19-1 3D, E). Schmitz and Pfitzer (1984) described very similar “acellular bodies” in 1% of sputum 
specimens from 70 patients with a variety of chronic pulmonary disorders, including one 
with adenocarcinoma. They observed an association of the “acellular bodies” with Curshmann's 
spirals and correlated them with similar structures found at autopsy in alveolar spaces and 
dilated ducts of bronchial glands. 

Amyloid 

Amyloid was observed in irregular, amorphous fragments by Chen (1984) and by Neifer and 
Amy (1985) in the bronchial brushings of patients who had documented tracheobronchial 
amyloidosis. The homogeneous, waxy appearance of the fragments should raise suspicion of 
amyloid, and their apple-green birefringence under polarized light after Congo red staining 
establishes the diagnosis (Fig. 19-14AB). Neifer and Amy noted the similarity of such 
fragments to corpora amylacea, which may also stain with Congo red, but are spherical or 
oval structures that lack the apple-green birefringence of amyloid. Other cases of pulmonary 
amyloid nodules diagnosed by aspiration biopsy were reported by Tomashefski et al (1980) and 
Vera-Alvarez et al (1993). We have not seen such a case in cytologic material. 

Pseudoamyloid 

We observed a case of pseudoamyloid in a 73-year-old patient with an endobronchial lesion. 

Fragments of faintly fibrillar, eosinophilic material indistinguishable from amyloid were 
observed in bronchial brushes and in the cell block (Fig. 19-14C), which also contained a 
small fragment of bronchial epithelium. The material failed to give the Congo red reaction 
and was therefore classified as pseudoamyloid, a rare event in the lungs usually associated 
with light-chain deposits in the presence of multiple myeloma (Kijner et al, 1988; Stokes, et al, 

1997). 

Calcific Concretions 

Small calcific concretions may be observed in sputum of people with chronic pulmonary 
diseases, especially tuberculosis. They also suggest the possibility of alveolar 
microlithiasis, a rare disorder of unknown etiology in which there are numerous calcific 
deposits within the alveoli that interfere 

with respiratory exchange. The diagnosis may be suspected by radiologic findings that are 
often striking in patients with minimal symptoms (Brandenburg and Schubert, 2003) and can be 
confirmed by finding the calcospherites in sputum or bronchoalveolar washings (Fig. 19-15A,B). 

Unlike corpora amylacea, they are hard and crystalline and may fragment. They must be 
differentiated from calcium oxalate crystals, which are sometimes associated with and should 
suggest the possibility of fungal infection with aspergillus (see below). 
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Figure 19-13 Acellular components of intrinsic origin. A Curschmann spiral in 

sputum. Spiral-shaped inspissated mucus cast of a bronchiole. Note the darker staining 
central core with lighter staining edges. B,C. Mucus blobs. The mucus has condensed 
into a round droplet that is dark staining centrally and lighter staining peripherally, 
mimicking a cancer cell nucleus and cytoplasm. The “nucleus” is structureless. D,E. 
Coropora amylacea. Spherical, translucent, structureless condensates of protein, usually 
associated with pulmonary edema of some duration. ( C,E oil immersion.) 



Exogenous Foreign Material 
Ferruginous Bodies (Asbestos Bodies) 

Exposure to some forms of asbestos in respired air induces pleural and pulmonary fibrosis, 
risk of malignant mesothelioma, and, in cigarette smokers, a five- to tenfold increased risk of 
lung cancer (see Chap. 26). The inhaled uncoated asbestos fibers, measuring less than 1 pm 
in diameter and about 50 pm or more in length, are translucent and scarcely visible (Fig. 19- 
16A). In the lung, they become coated with protein and iron (hence ferruginous), giving them a 
characteristic golden-brown, segmented or beaded bamboo shape with knobbed or 
bulbous ends (Fig. 19-16B). The fibers are sometimes partially enveloped by a macrophage, 
as was first described by Frost et al (1973). The coated ferruginous bodies of asbestos fibers 
measure from 5 to 200 pm in length and 3 to 5 pm in diameter. The larger fibers are removed by 
bronchial ciliary action. Asbestos exposure is most common among certain construction, 
shipbuilding, and 
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industrial workers, and in recent years, the workers involved in demolition of older buildings in 
which asbestos was used for insulation. Routine sputum samples from individuals 
exposed to asbestos may contain the characteristic ferruginous bodies. However, they 
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are more abundant and more easily demonstrated in BAL specimens, and can be found in 
those specimens even in patients without known exposure to asbestos. There is a correlation 
between the number of ferruginous bodies in BAL samples and in lung tissue (Teschler et al, 

1994), and the presence of large numbers of ferruginous bodies in lavage specimens (>1 per 

10® cells) is indicative of considerable asbestos exposure (Roggli et al, 1986). 




Figure 19-14 Amyloid. A Amyloid involving lung, pale eosinophilic acellular material. B. 
“Apple green” birefringence of amyloid in polarized light after Congo red stain. C. 
Pseudoamyloid in a cell block section of tissue recovered by bronchial brush, resembling 
amyloid but not birefringent. Fragments of amyloid have been described in bronchial 
specimens (see text). 




Figure 19-15 Pneumoliths in bronchial irrigation specimen from a 73-year-old woman with 
chronic lung disease. A Pneumoliths are small, generally round laminated microcalcific 
bodies. B. Broken pneumolith (oil immersion). 



Rosen et al (1972) examined digests of lung tissue in surgical and autopsy specimens and 
documented the presence of small numbers of typical asbestos ferruginous bodies in the lungs 
of virtually all people living in an urban area. They are most commonly present in the lower 
lobes. Using Smith and Naylor's method (1972), Bhagavan and Koss (1976) documented a 
dramatic increase 
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in the lung content of asbestos bodies over the three decades from 1940 to 1972. Surprisingly 
high counts of asbestos bodies were found without evidence of lung disease in digests of 
sputum and lung tissue from young children and juveniles as well as adults. Thus, the 
presence of asbestos bodies in sputum does not necessarily imply asbestos-related 
disease, and must be interpreted with appropriate caution after correlation with clinical and 
radiologic findings. 




Figure 19-16 Acellular components of sputum or bronchial cytology of extrinsic 
origin. A,B. Ferruginous bodies. These are asbestos bodies, but mineral fibers of 
diverse origin can be similar in appearance. The fiber itself is thin and almost transparent 
(A), but has a golden-yellow coating of protein with iron ( B ), hence the name ferruginous, 
which is generic for all such fibers. Macrophages in a futile attempt to phagocytize and 
remove an asbestos fiber. 



Asbestos bodies may be found in FNAs of lung lesions. In a series of 1 ,256 transthoracic 
FNAs, Leiman (1991 ) found them in 57 specimens from 55 patients. They were an incidental 
finding in all cases; in none was asbestos-induced fibrosis alone responsible for the lung mass 
aspirated, except for one patient with a mesothelioma. 

Asbestos fibers are by far the most common substrate of ferruginous bodies, but other mineral 
fibers may have a similar appearance (Churg and Warnock, 1981 ; Mazzucchelli et al, 1996). 
Some of the nonasbestos ferruginous bodies are distinguished by a fibrous core that is 
opaque or colored rather than clear, and some may be curved or branched rather than 
straight. Rosen et al (1973) reported such “atypical” branching or segmentally thickened fibers 
in digests of lung and fibrous pleura. 

Undigested Food Particles 

Particles of food are commonly observed in sputum, particularly from patients with poor oral 
hygiene and must be recognized as contaminants. 

Material of Plant Origin 

Vegetable matter is one of the most common contaminants in sputum specimens. The cells 
comprising fragments of plant tissue have a characteristic heavy cellulose cell wall and 
are easily identified (Fig. 19-17A), but isolated plant cells that have lost the cellulose wall (Fig. 
19-17B,C) may be confused with cancer because of their large dark nuclei. They are readily 
recognized after some experience, even in the absence of a heavy cellulose membrane, 
because of the homogeneous staining of plant cell nuclei and the frequent presence of 
retractile, pigment granules within the cytoplasm. Weaver et al (1981) have provided a 



1011 / 3276 



Koss' Diagnoses- CTj/telbg^^f Rfe^Btelpafh'&taglidrBtosaAitsSyinfelof Cancer: Conventional and Aspiration Cytology 
detailed study of plant cells in sputum. 

Meat Fibers 

Meat fibers composed of striated muscle are easily recognized by the presence of cytoplasmic 
cross-striations and peripherally placed nuclei. Smooth muscle cells are less commonly seen. 

They are elongated spindle cells with centrally placed ovoid nuclei and are without striations. 

Neither muscle cells, fat cells, cartilage cells, nor the occasional cells of epithelial origin that are 
found in undigested food have cellulose cell membranes. 

Pollen 

Sputum may contain pollen of plant origin, recognized as spherical or oval, dark yellow or 
brown structures of variable sizes, rarely smaller than 25 to 30 pm in diameter and provided 
with a characteristic thick, retractile cell wall (Fig. 19-17D). They are more commonly found in 
the spring and summer, and particularly if the processing laboratory is exposed to outside air 
(see Chap. 8). 

Other Contaminants 

The brown, septate, boat-shaped fungal organisms of Alternaria species (Fig. 19-18A) are 
present in earth and water and are a frequent contaminant. Radio et al (1987) pointed out that 
Alternaria has been found in bronchioalveolar lavage material and may rarely be a pathogen. 

Small nematodes (Fig. 19-18B,C), also from tap water, may be found in sputum as in other 
cytologic specimens. They must be differentiated from Strongyloides stercoralis (see below). 

Usually, it is clear from the clinical setting that they are contaminants, but if there is doubt, 
repeat specimens should be obtained with care to prevent contamination. 

Copepods, another contaminant of tap water (Fig.19-18D), 
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have been reported to cause disease on rare occasions (Van Horn et al, 1992). 




Figure 19-17 Vegetable (plant) cells. A. Plant cells in flat fragments with thick 
transparent cellulose walls. The cellulose walls, which do not stain with either 
Papanicolaou or hematoxylin/eosin stains specifically identify vegetable cells. B,C. Poorly 
preserved single vegetable cells may have lost their cellulose cell wall but are still identified 
by homogeneous staining nuclei and often by pigmented granules in the cytoplasm. D. 
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Pollen, a common air contaminant. Their structure is variable depending on the flower or 
plant from which they come, but they are usually easily recognized. 



Abundant bacterial or fungal growth in a poorly preserved specimen with minimal or no 
inflammatory infiltrate suggests that the specimen was left standing for many hours at room 
temperature without fixative, and the organisms present must be disregarded. 

BENIGN CELLULAR ABNORMALITIES OF THE RESPIRATORY TRACT 

Various noncancerous processes within the respiratory tract may affect the cytologic makeup of 
smears. Many such disorders have common cytologic findings and cannot be diagnosed 
with confidence on cytology grounds alone. Knowledge of the roentgenologic and clinical 
findings is always desirable and often essential for specific classification of a 
pathologic process. In cases of inflammation, bacteriologic studies are needed, as is a careful 
search for viral cytopathic changes and the presence of fungi or parasites. Even without 
specific classification, however, knowledge of the degenerative and reactive cytologic changes 
that accompany inflammatory and other benign pathologic processes is essential if one is to 
avoid a false diagnosis of cancer. 

Benign disorders of the respiratory epithelium may be manifested by abnormalities of: 

■ Respiratory bronchial epithelium 

■ Squamous epithelium 

■ Alveolar epithelium, particularly pneumocytes type II 

■ Pulmonary macrophages 

Benign Abnormalities of Bronchial Epithelium 
Abnormalities of Ciliated Cells 

Cytologic techniques have been applied extensively to studies of the respiratory epithelium in 
various clinical settings. The information derived therefrom carries with it major diagnostic 
implications. 

Acute injury 

The loss of cilia and terminal plate is a common response of the respiratory epithelium to 
acute injury. It was demonstrated experimentally in bovine lung exposed to cigarette smoke and 
viral infection (Sisson et al, 1994), and may be observed in thermally injured patients who have 
inhaled 
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hot gases (Ambiavagar et al, 1974). In burn victims with great exposure to hot gases and 
smoke, there is extensive necrosis of respiratory epithelium followed by squamous metaplasia 
(see below), and severe degenerative changes including mitochondrial calcium deposits in 
surviving bronchial cells (Drut, 1998). 
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Figure 19-18 Contaminants. A. Alternaria species, a contaminant from air or tap water, 
is a genus of fungi and readily recognized by its shape and pigmented, segmented 
structure. B,C. Nematodes, also present in tap water, may be a contaminant and mistaken 
for pathogenic microfilaria. Compare with Figure 19-52B. Usually, it is clear from the clinical 
setting, that they are a contaminant. D. Copepod, a contaminant of tap water, rarely 
reported to cause infection. ( D : High magnification; C: oil immersion.) 



Chalon et al (1974) reported that in patients under anesthesia, after 3 hours inhalation of dry 
anesthetic gases, 40% of the respiratory epithelial cells showed loss of cilia, changes in cell 
configuration and staining, and some nuclear pyknosis. Such damage was preventable by 
humidification. 

Nonspecific Abnormalities of Bronchial Cells 
Muitinucieation of Bronchial Cells 

Multinucleation of bronchial lining cells may result from a failure of cell division after nuclear 
replication and division, and involve single well-differentiated ciliated cells (Fig. 19-19A); or 
it may be the result of cell fusion with formation of true syncytia (Fig. 19-19B). The number of 
nuclei in single cells may vary from 2 or 3 to about 20, whereas in syncytia, the number varies 
from few to over 100. The nuclei within the multinucleated cells are small, regular, and equal 
in size. Since it is known that certain viruses may produce cell fusion, and thereby true 
syncytia, the possibility of a viral infection should be considered when syncytial 
multinucleation is observed. However, in most cases, multinucleated bronchial cells are a 
nonspecific reaction to injury. They have been observed within 48 to 72 hours after a variety 
of traumas, including bronchoscopy, x-ray therapy, and exposure to fumes. They should not be 
confused with tumor cells, with which they have no common traits. 

Cell and Nuclear Enlargement 

Occasional individual ciliated bronchial cells may be considerably larger than others 
(cytomegaly), sometimes twice or more their normal size, with proportionally enlarged 
nucleus (karyomegaly), usually containing a single prominent nucleolus or multiple 
small nucleoli (Fig. 19-19C). Here again, the cilia, or at least the terminal plates, are often well 
preserved. Such cells appear under a variety of circumstances, and like multinucleation and 
nucleolar enlargement (see below), they are a nonspecific response of the respiratory 
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epithelium to various forms of injury. They may be observed after even minor trauma such as 
repeated bronchoscopies or bouts of severe coughing, and also in inflammatory 
processes such as bronchitis, bacterial or viral pneumonia, or tuberculosis, but also in 
cancer. 
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Figure 19-19 Nonspecific bronchial cell atypias. A Multinucleation. B. Syncytia. C. 
Cytomegaly and karyomegaly. D. Nucleolar prominence in otherwise bland and 
uniform bronchial cells. The cells are cuboidal, with smoothly contoured round or oval 
nuclei and delicate chromatin. They are separate or in flat plaques, unlike the cells of 
adenocarcinoma, which cluster in groups of overlapping cells. (C: oil immersion.) 



Cohen et al (1997) reported a 9-year-old boy with Ataxia-Telangiectasia (AT) who had 
aneuploid karyomegaly of bronchial cells obtained by bronchial brushings. They suggested that 
the finding of aneuploidy might be related to the known increased risk of cancer in this genetic 
disease. However, the child had had recurrent respiratory infections and was suffering from 
severe chronic obstructive lung disease; it is not clear whether the karyomegaly was due to the 
genetic defect of AT or simply reactive to injury and infection. 

Nucleolar Enlargement 

Under a broad variety of circumstances, benign bronchial cells may display prominent 
single or multiple nucleoli. The affected cells are either normal in size and shape or the 
cells are more cuboidal and slightly enlarged. Those that retain their cilia or at least their 
terminal bar should not be mistaken for cells of adenocarcinoma (see Chap. 20). Others 
having lost cilia and terminal bar are undergoing squamous metaplasia or repair (see below). 

CiHocytophthoria 

Under this term, Papanicolaou (1956) reported a unique type of destruction of ciliated bronchial 
cells occurring in some inflammatory conditions of the lung, especially viral pneumonia. The 
distal ciliated portion of the cells is pinched off, resulting in the formation of anucleated 
ciliated tufts and nucleated cytoplasmic remnants (Fig. 19-20A,B). Nuclear 
degeneration, resembling apoptosis, and the presence of cytoplasmic eosinophilic 
inclusions of various sizes (Fig. 19-20C) complete the picture. Papanicolaou initially 
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associated ciliocytophthoria (CCP) with bronchogenic carcinoma; he reported one case in 
which CCP preceded the appearance of tumor cells by 10 months. However, evidence has now 
shown that CCP is not a precancerous event, but a form of cellular degeneration often 
associated with viral infections and possibly due to adenovirus or other viral pneumonitis (see 
below). 

Lipochrome Pigmentation 

With aging, there is an accumulation of lipochrome pigment in bronchial epithelial cells, the so- 
called “wear and tear’’ pigment (see Fig. 19-9B). As already described it has no diagnostic 
significance. The pigment is brown, faintly granular and accumulates first in the supranuclear 
cytoplasm of intact, otherwise normal bronchial cells. 

Immobile Cilia Syndrome 

Abnormal cilia are common in bronchial epithelial cells of cigarette smokers and in patients 
with neoplastic and a number of chronic nonneoplastic diseases of lung (McDowell et al, 

1976a). 
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However, the immobile cilia syndrome is a rare congenital abnormality of cilia caused by 
absence of dynein arms or defective radial spokes resulting in chaotic, uncoordinated beating 
of cilia. Young children with this disease suffer illnesses resulting from a deficiency of 
mucociliary transport (Afzelius, 1976, 1981). They typically present with recurrent respiratory 
infections and sinusitis. The classic form of this syndrome, described by Kartagener in 1933, 
and now known as the Kartagener syndrome, comprises bronchiectasia, chronic sinusitis, 
and situs inversus. Because spermatozoan flagella are also affected, sterility in males has 
been noted. The disorder can be diagnosed only by electron microscopy (see Chap. 2). 

Transposition of ciliary microtubules is another cause of impaired motility of cilia (Sturgess et al, 

1980). Moreau et al (1985) reported that cytologic samples from bronchial and nasal 
brushings may be suitable for electron microscopic examination to determine if the ciliary 
structure is deformed; however, it should be noted that in some cases, ciliary abnormalities in 
respiratory epithelium may be a result rather than a cause of chronic or repeated respiratory 
infections. 
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Figure 19-20 Ciliocytophthoria (CCP). Sputum specimen from a young woman on the 
second day of her illness with a viral pneumonia. A The ciliated cytoplasmic end of a 
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bronchial cell with pyknotic nucleus is pinched off. B. In the same specimen, there were 
detached anuclear ciliated cytoplasmic tufts and cell fragments with pyknotic nuclei. C. 
Degenerating cell with eosinophilic intracy-to-plasmic inclusion. (A-C: High magnification.) 



Abnormalities of Goblet Cells 

In chronic inflammatory processes, as for example in chronic bronchitis, bronchiectasis, and 
asthma, there may be hyperplasia of goblet cells in bronchial mucosa and increased mucus 
secretion. Sputum, bronchial aspirates, and washings from such patients contain an increased 
number of goblet cells, some of which may be significantly larger than normal. This finding 
has no other known significance. 

Benign Proliferative Processes in Respiratory Epithelium 

Benign proliferations of the respiratory epithelium may occur as a reaction to injury, usually an 
inflammatory process, and cause papillary hyperplasia, basal (reserve) cell hyperplasia or 
squamous metaplasia of bronchial mucosa. These processes can have a major impact on 
the cytology of the respiratory tract. 

Papillary Hyperplasia of the Respiratory Epithelium (Creoia Bodies) 

Histology 

Hyperplastic respiratory epithelium is most commonly observed in chronically inflamed, dilated 
bronchi, that is, bronchiectasis, but may be seen in other chronic pulmonary disorders, in 
bronchial asthma, and in viral pneumonitis. The mucosa undergoes folding and 
formation of papillary projections (Fig. 19-21 A). The epithelial surface of these 
hyperplastic areas is composed of normal ciliated and goblet cells, with deeper layers of 
smaller intermediate or basal epithelial cells. The individual epithelial cells may have visible 
nucleoli but are generally uniform, coherent, and do not show the nuclear hyperchromasia, 
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coarse chromatin, or very prominent nucleoli of adenocarcinoma (see Chap. 20). 




Figure 19-21 Creoia bodies. A. Hyperplastic bronchial mucosa in bronchiectasis, a 
source of apillary fragments of bronchial epithelium in pulmonary cytology specimens. B,C. 
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Fragments of hyperplastic reactive bronchial epithelium (Creola bodies) that in C are from 
a 28-year-old patient with AIDS who has had chronic lung infections. The most peripheral 
cells have a smooth surface configuration and are recognizable as bronchial cells; deeper 
in the cluster are intermediate or basal cells. D. Creola body surfaced by mucin-secreting 
cells. Creola bodies should not be mistaken for papillary carcinoma. 



Cytology 

The hyperplastic bronchial mucosa sheds spherical or ovoid papillary clusters of bronchial 
cells. As in histologic sections, the surface is formed of well-preserved respiratory 
epithelial cells with cilia or terminal plates, whereas the core of these clusters is composed 
of uniform small cells (Fig. 19-21B,C). Cilia are not always well preserved. When the 
hyperplastic mucosa is rich in goblet cells, they will be displayed in the surface layers of the 
exfoliated clusters (Fig. 19-21 D). Of some importance is the occasional presence of tiny, 
usually single nucleoli within the nuclei of cells lining the papillae. They should not be 
mistaken for the much larger nucleoli of adenocarcinoma (see Chap. 20). These cell clusters 
were first described as a possible diagnostic pitfall by Koss and Richardson in 1955. They were 
subsequently called Creola bodies by Naylor (1962), who named them for a patient with 
asthma who produced sputum specimens with numerous such clusters. Naylor warned against 
misinterpreting these papillary cell clusters as papillary adenocarcinoma. Fie and Railey (1964) 
identified the papillaryclusters in sputa of 42% of asthmatic patients, frequently present during 
the asthmatic attack. Folded fragments of mucosa dislodged by endoscopic procedures may be 
mistaken for Creola bodies. 

A large number of such papillary clusters may be observed in cytologic specimens 
from adults with acute respiratory disorders of viral etiology, or from infants and 
children with viral pneumonitis or acute respiratory distress syndrome (ARDS) (see 
also Fig. 19-32). In those patients, there is usually a prompt return to normal after the acute 
illness has subsided. Sheets of bronchial cells originating in hyperplastic bronchial epithelium 
have been reported in Wegener's granulomatosis (Hector, 1976). 

Of prime importance in differentiating these papillary clusters of cells from the 
somewhat similar cell clusters that may be observed in well-differentiated 
bronchioloalveolar adenocarcinoma are: 

■ The presence of cilia or a terminal plate on the free surface of the outermost cells 

■ The presence of normal goblet cells on the free surface of the cluster, indicating benign 
disease 
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■ Nuclei of normal size and configuration, whereas in adenocarcinomas they are larger and are 
provided with large nucleoli 

Further points of differential diagnosis are discussed in Chapter 20. 

Basal Cell Hyperplasia 
Histology 

The small basal or germinative cells situated next to the basement membrane in the respiratory 
epithelium are normally unobtrusive and may escape the attention of a casual observer (see the 
section on the Respiratory Epithelium above). Basal (or reserve cell) hyperplasia is the result of 

abnormal multiplication of these basal cells, which can form many layers occupying a 
substantial portion of the thickened epithelium. Usually, the surface of the altered 
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epithelium is topped with a layer of ciliated respiratory epithelium and goblet cells, confirming 
that the process of epithelial maturation is preserved (Fig. 19-22A). Because the basal cells are 
small and their nuclei occupy much of the total cell volume, the epithelium may have a 
disturbing hyperchromatic appearance. Unlike small-cell carcinoma, however, the 
benign hyperplastic basal epithelium is composed of uniform cells in an orderly 
arrangement. The problem of recognition occurs only if the maturing surface of the epithelium 
is lost. 




Figure 19-22 Basal cell hyperplasia of bronchial epithelium. A Histologic section of 
bronchial mucosa showing basal cell (reserve cell) hyperplasia. Note that there are several 
layers of basal epithelium. B,C. Basal cell hyperplasia in bronchial brush specimens. The 
cells are small and generally uniform with scanty cytoplasm and relatively large 
hyperchromatic nuclei. They differ from small cell carcinoma in that the cells are coherent 
and nuclei are uniform and smoothly contoured without necrosis or molding, and without 
evidence of active proliferation. Often, there is either a straight edge to the cluster of cells, 
or some cells show evidence of maturation (see Chap. 20). D. Basal cells are best 
visualized when present in loose clusters of cells. At high magnification, they have scanty 
cytoplasm and uniform, smoothly contoured nuclei with dark staining but finely textured 
chromatin and a small nucleolus. They must be differentiated from large-cell lymphoma and 
SSC, discussed in Chapter 20. ( C,D : oil immersion.) 



Basal cell hyperplasia is a nonspecific response of the respiratory epithelium, usually induced 
by chronic inflammatory processes. Affected bronchi may be found in chronic bronchitis and 
bronchiectases, especially with bronchiectatic cavities, in tuberculosis and in other forms 
of chronic inflammation including organizing pneumonia and mycotic infections, particularly 
with mycetomas. However, such changes may also occur in bronchi adjacent to bronchogenic 
carcinoma. 

Cytology 

Normally, the basal cells are firmly adherent to the basement membrane and therefore 
exceedingly uncommon in sputum. 
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They are more commonly seen in specimens obtained by instrumentation in which there is 
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forceful disruption of the epithelium, and they usually form coherent clusters of various sizes 
made up of small rounded or polygonal cells (Fig. 19-22B-D). Several such clusters of cells are 
often present in the same specimen, and sometimes in the company of ciliated cells that are 
also dislodged in the course of bronchial intubation or other manipulations. The latter may have 
been damaged in the process or destroyed by disease and atypical in appearance. 

These clusters of small basal cells with dark nuclei and scanty cytoplasm are always 
disquieting, even to an experienced observer, as they may suggest a small-cell malignant 
tumor. Their interpretation becomes particularly difficult when the pathologist is pressured to 
make a diagnosis in cases suspected of carcinoma clinically or radiologically. Following are the 
characteristics of bronchial basal cells that allow their correct classification and diagnosis: 

■ The cells, as a rule, appear in clusters that are tightly packed and show little if any 
tendency to dissociate (see Fig. 19-22B). One edge of the cluster may be straight, 
presumably where detached from the basement membrane. 

■ The cells are small, somewhat larger than leukocytes, with relatively prominent but quite 
uniform dark, round, or oval nuclei. Nucleoli may be observed, but are tiny and 
inconspicuous (Fig. 19-22D). Cytoplasm is scanty and basophilic. At the periphery of at least 
some of the clusters, one usually finds larger cells with very similar nuclei but more 
cytoplasm, suggesting differentiation toward columnar or metaplastic squamous cells. 

■ Nuclear molding by adjacent cells, characteristic of small-cell (oat cell) carcinoma does not 
occur in the clusters of benign reserve cells. Other nuclear abnormalities observed in small- 
cell malignant tumors are absent (see Chap. 20). 

The problem of diagnosis is compounded if the clusters of small basal cells are loosely 
structured, rather than compact, and may include cells with somewhat larger nuclei. (Fig. 19- 
22C-D). Such instances of basal cell hyperplasia may be very difficult to differentiate 
from small-cell carcinoma, and have been seen in association with carcinoma elsewhere in 
the bronchi. For other points of differential diagnosis, which includes carcinoid and malignant 
lymphoma, see Chapter 20. 

Squamous Metaplasia 

Squamous metaplasia is a common reaction to injury in the bronchus and is defined as the 
replacement of respiratory mucosa by squamous epithelium. It can be limited in extent or 
diffuse and implies the capability of germinative basal cells to form squamous epithelium under 
abnormal circumstances. Both basal cell hyperplasia and squamous metaplasia result from 
chronic irritation of the respiratory tract and may be considered a means of defense or 
adaptation of the mucosa to abnormal circumstances. Whether squamous metaplasia may or 
may not revert to normal ciliated epithelium is not known; possibly the process is reversible in 
its early stages, but cytologic studies suggest that well-developed squamous metaplasia 
persists relatively unchanged for many years (Grunze, 1958). 

The mechanism of formation of squamous metaplasia of the bronchus is uncertain. While it 
may fairly rapidly follow massive damage or loss of respiratory epithelium, for example, in 
bronchopulmonary dysplasia of newborns (see below), in most cases, it appears to be a more 
gradual process of progressive squamous differentiation. 

Some histologic studies have implicated squamous metaplasia as a step in the development 
of squamous lung cancer. There is increased frequency of squamous metaplasia in cigarette 
smokers and with advancing age, paralleling an increased risk of lung cancer. Some observers 
also report increased atypia of squamous metaplasia in cigarette smokers with increasing 
number of cigarettes smoked (Kierszenbaum, 1965; Nasiell, 1966; Saccomanno et al, 1970). 
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However, the relationship of squamous metaplasia to squamous lung cancer has been brought 
into question by the frequent finding of squamous metaplasia without lung cancer (see below), 
and by our own studies of cigarette smokers in whom orderly squamous metaplasia is found in 
mainstem and lobar bronchi, whereas early lung cancer most often begins more distally in 
segmental bronchi. In the very early lung cancers that we have studied, squamous carcinoma in 
situ of the bronchus has not necessarily been associated or in continuity with squamous 
metaplasia. On the other hand, atypical squamous metaplasia is a potential precursor of 
bronchogenic squamous carcinoma (see Chap. 20). 

Squamous metaplasia is a common finding in patients free of cancer. For example, 

Spain et al (1970) found squamous metaplasia in the bronchial tree of 50% of 500 healthy 
adults of all ages who died accidentally. Cytologic evidence of metaplasia was reported by 
Plamenac et al in wind instrument players (1969), commonly in men past the age of 65 (1970), 
and in former cigarette smokers (1972). Good et al (1975) reported atypical metaplastic 
changes in the sputum of users of pressurized spray cans. These cytologic reports, not 
supported by histologic evidence, should be considered with some caution. Histologically 
documented squamous metaplasia has been observed in a broad spectrum of benign 
inflammatory lung disorders, including chronic bronchitis, bronchiectasis, lung abscesses, 
and granulomatous inflammations. Squamous metaplasia may also occur in areas of pulmonary 
infarcts and after radio- and chemotherapy. Therefore, squamous metaplasia of the 
bronchial epithelium without atypia must not be regarded as a precancerous lesion. 

Squamous metaplasia has never been implicated in the development of bronchiolar or 
adenocarcinoma of the lung, or of small-cell (oat cell) carcinoma, both of which are also 
attributable to cigarette smoking. 

Histology 

As noted, squamous metaplasia is seen in mainstem and lobar bronchi. In the earliest evidence 
of squamous metaplasia, the respiratory columnar epithelium is replaced by a superficial layer 
of flattened cells in association with basal cell hyperplasia. This may involve only limited areas 
of bronchus, usually 
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at bifurcation sites, or progress to extensive complete replacement of respiratory epithelium by 
nonkeratinizing squamous epithelium (Fig. 19-23A). Very often, the squamous epithelium lining 
the surface of the bronchus is not “pure” but includes scattered respiratory cells, or metaplastic 
squamous cells with intracellular mucin. Other cells that are only partially differentiated may 
retain their cuboidal or columnar shape and a flat free surface, but lack cilia and a terminal bar. 

These features of the metaplastic epithelium are important indications of their common origin 
with respiratory epithelium from undifferentiated reserve cells. 

The frequent coexistence of basal cell hyperplasia with squamous metaplasia suggests that the 
former precedes the latter, but whether this is always the case is open to conjecture. The two 
processes can be seen side by side in cytologic material. 

Cytology 

Cells in sputum that originate from orderly squamous metaplasia of the bronchus may be 
difficult or impossible to differentiate from the normal squamous cells of the mouth, pharynx, or 
larynx. In bronchial washings, aspirates, and brush specimens, however, the presence of 
squamous cells can be explained only by squamous metaplasia (excluding the common 
occurrence of contamination from the upper respiratory tract). Squamous metaplasia is typically 
represented by small squamous cells, often in clusters or sheets of cells with 
eosinophilic cytoplasm, resembling the parabasal cells of squamous epithelium or 
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showing partial differentiation to respiratory epithelium. The metaplastic cells usually 
adhere well to each other and may have nuclei that are vesicular and open (Fig. 19- 
23B,C) or hyperchromatic (Fig. 19-23D). As in histologic sections, the bronchial origin of 
metaplastic squamous epithelium is best demonstrated when the periphery of the cluster is 
composed of cuboidal or columnar cells with a straight edge or terminal plate (Fig. 19-23B). 

The cytologic features of squamous metaplasia of bronchial epithelium are not unlike 
squamous metaplasia of endocervical epithelium (see Chap. 10), in which the relatively small 
cuboidal cells have an angular configuration and hyperchromatic nuclei (Fig, 19-23D). 

Significant cytologic abnormalities resulting from squamous metaplasia of the trachea following 
intubation or laryngectomy are discussed below. 




Figure 19-23 Squamous metaplasia of bronchial epithelium. A. Histologic section of 
bronchus showing squamous epithelium completely replacing the respiratory epithelium in 
an example of fully developed mature squamous metaplasia. B,C. Squamous metaplasia in 
a cough specimen of sputum. The cells are cuboidal, with moderately abundant 
eosinophilic or amphophilic cytoplasm. They form loosely coherent flat plaques, much like 
endocervical squamous metaplasia with usually one straight edge. D. Bronchial brush 
specimen showing squamous metaplasia. The cells form a loosely coherent flat plaque of 
cuboidal, relatively small cells with amphophilic or eosinophilic cytoplasm. Alveolar 
macrophages and a mature squamous cell are present for comparison. 
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Tracheitis Sicca 

Squamous metaplasia is part of the repair process after injury to bronchopulmonary 
tissues, and in some circumstances, there may be significant atypia. Particularly severe 
atypias of squamous cells have been described in the trachea and tracheobronchial aspirates 
of patients with prolonged tracheal intubation and patients with tracheitis sicca (dry tracheitis) 
who have permanent tracheostomies following laryngectomy for carcinoma. They are at high 
risk of developing a new primary carcinoma of lung, and we have recommended monitoring 
them at regular intervals by tracheal aspiration cytology (see Chap. 20). The dry and constantly 
irritated mucosa of the upper trachea undergoes squamous metaplasia, sometimes with 
keratinization and marked nuclear atypia of superficial cells (Fig. 19-24A). The desquamated 
squamous epithelial cells are of variable, abnormal shapes with abundant deeply 
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eosinophilic cytoplasm and enlarged, hyperchromatic nuclei, usually accompanied by 
keratinized squamous cells with pyknotic or karyorrhectic nuclei. The presence of these 
latter cells in a tracheobronchial specimen postlaryngectomy indicates cautious interpretation. 
Even so, cytologic abnormalities as have been extensively studied and described by Nunez et 
al (1966) may be indistinguishable from squamous carcinoma (Fig. 19-24B,C) and can lead to 
an erroneous diagnosis. It is essential to have the history of tracheostomy and to be aware that 
the epithelial abnormality is in the trachea, whereas squamous lung cancer arises more distally 
in lobar or segmental bronchi. If in doubt, additional specimens should be obtained from lobar 
bronchi, which will yield only benign bronchial epithelium in patients with tracheitis sicca. 



Figure 19-24 Tracheitis sicca. A There is marked nuclear hyperchromasia in superficial 
cells of the dry, metaplastic tracheal epithelium. B,C. Tracheal aspirate cytology smear and 
cell block section from another patient with postlaryngectomy tracheitis sicca showing 
metaplastic squamous cells mimicking squamous carcinoma. ( B : High magnification.) 



“Repair” 

In 1988, Rosenthal introduced the term repair to describe cytologic abnormalities in the 
bronchial tree that were reminiscent of those occurring in the uterine cervix (see Chap. 10). The 
principal feature of these abnormalities is the presence of prominent nucleoli in otherwise 
unremarkable bronchial epithelial cells (see Fig. 19-19D). To our knowledge, there is no 
diagnostic significance to this finding, so long as the bronchial epithelial cells retain intact 
structure. Enlarged nucleoli may also occur in metaplastic cells of patients who have had 
prolonged tracheal intubation. Such cells, usually observed in tracheal aspirates, have been 
described and illustrated in Chapter 21 . 

Prominent nucleoli may also be observed in bronchial cells from patients with respiratory 
distress syndrome, including infants receiving oxygen therapy (discussed in the closing 
pages of this chapter), in burn patients (Cooney et al, 1972), and after radiotherapy (see 
below). Pneumocytes type II with prominent nucleoli are also seen in atypical pneumonias (see 
discussion below and Figs. 19-27 and 19-28). 

Benign Abnormalities of the Squamous Epithelium 




B 




* C 
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Inflammatory Changes 

Inflammatory changes within the squamous mucosa of the upper respiratory tract are of 

some importance in cytologic 

P.596 

interpretation since they can produce cellular abnormalities that may be confused with 
squamous cancer. In acute inflammatory processes involving the oral or oropharyngeal mucosa, 
there may be necrosis of squamous cells, manifested by nuclear pyknosis and apoptosis 
(karyorrhexis) with frayed cytoplasm. If there is ulceration or erosions, numerous small 
squamous cells originating from the deeper layers of the squamous epithelium make their 
appearance singly or in clusters (see Fig. 19-7B). The nuclei of such cells often have coarse 
chromatin and a heavy nuclear membrane. Any confusion with squamous cancer should be 
readily ruled out by the uniform appearance of these cells, their smooth nuclear configuration, 
and presentation in coherent cell clusters. These changes are also discussed in Chapter 21 . 

Significant abnormalities of squamous cells may occur as a consequence of radiotherapy (see 
below). 

“Pap” Cells 

In sputum of patients with an upper respiratory tract infection and laryngitis, especially 
during cold weather, small squamous cells with dark, round or oval, single nuclei may be 

seen. (Fig.19-25A). They have been named Pap cells. Dr. Papanicolaou is alleged to have 
observed these cells in his own sputum, examined because of a cough, and was concerned 
about their appearance. Indeed, superficial observation may give rise to some concern because 
of the nuclear hyperchromasia. However, the small size and regular nuclear outline of these 
generally uniform squamous cells should readily identify them. Histologic section of inflamed 
laryngeal mucosa in at least some cases demonstrates reactive epithelium that appears to be 
the source of these cells (Fig. 19-25B). “Pap cells” are not a specific indicator of laryngitis and 
are probably derived from other sites of regenerative epithelium in the respiratory tract as well. 

Abnormalities of Alveolar Lining Cells 
Bronchial “Metaplasia” of Alveolar Epithelium 

In a variety of chronic fibrosing and obstructive processes, the pulmonary alveoli are lined 
by one or more layers of small cuboidal or columnar epithelial cells that are in 
continuity with and identical or similar to the adjoining bronchioles (Fig. 19-26). This 
process is observed in chronic pneumonias of varying etiology, in pulmonary fibrosis, in 
areas adjacent to scars or old infarcts, and in some disorders associated with cystic 
degeneration of the lungs, the so-called honeycomb lung (Meyer and Liebow, 1965). It is 
generally accepted that in most cases this is not true metaplasia of alveolar epithelium, but 
results from an extension of the distal bronchial epithelium. 
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Figure 19-25 Pap cells. A Small squamous cells found in sputum of some patients with 
laryngitis, thought to be shed from regenerating epithelium of the larynx. B. Histologic 
section of larynx showing hyperplasia of immature regenerating laryngeal epithelium in a 
patient with prolonged severe laryngitis. 




Figure 19-26 Bronchial metaplasia of alveoli. Histologic section of “honeycomb lung” in 
which alveolar epithelium is replaced by cuboidal or columnar bronchial epithelium. 



Cytology 

It may be possible to recognize bronchial metaplasia of air spaces in honeycomb lung by the 
presence of cuboidal or columnar epithelial cells accompanying the alveolar macrophages in a 
carefully performed BAL specimen. Such a specimen ordinarily contains few or no bronchial 
epithelial cells, and their presence would suggest alveolar bronchial metaplasia. 

Abnormalities of Pneumocytes Type II 

Pneumocytes type II are highly reactive cells that respond to various pathologic 
processes by morphologic changes 
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that may perfectly mimic adenocarcinoma or its precursor lesions in cytologic 
samples. 

Histology 

In a great variety of pathologic conditions, the pulmonary alveoli are lined by or contain 
large and prominent alveolar epithelial cells (Fig. 19-27A). These cells are pneumocytes 
type II, as evidenced by positive immunoreaction with antisurfactant antibody (Fig. 19- 
27B), positive cytokeratin expression, and by electron microscopy (see Fig. 19-4C,D). 

The cells are large, cuboidal or rounded, with large, vesicular or hyperchromatic nuclei 
and readily visible, often prominent nucleoli. While this is a benign reactive process, it may 
closely mimic atypical alveolar hyperplasia, a putative precursor of adenocarcinoma (Nakayama 
et al, 1990) (see Chap. 20). The spectrum of pulmonary diseases with reactive hyperplasia of 
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pneumocytes type II is vast and includes viral pneumonitis, chronic pneumonias, 
pulmonary fibrosis of various etiologies, fibrosing alveolitis, infarcts, and effects of 
radio- and chemotherapy. Pneumocytes type II may form small tumor nodules in tuberous 
sclerosis (Myers, 1999). 

Cytology 

In past studies of cytologic material from the respiratory tract, reactive hyperplastic 
pneumocytes were usually identified descriptively as atypical or abnormal “bronchoalveolar 
cells.” Their identity as pneumocytes type II is relatively recent (Grotte, 1990). Although their 
benign nature is usually evident in histologic sections, when seen in cytologic preparations, 
atypical pneumocytes type II are a potentially important source of false -positive 
diagnoses of adenocarcinoma (Nakanishi, 1990; Nakayama et al, 1990; Kerret al, 1994; 

Kitamura et al, 1999). They may be seen in sputum, bronchial aspirates, BAL or FNA 
specimens from patients with persisting pneumonic infiltrates. These pneumocytes appear 
singly, in flat plaques, or in rosette-like groups of epithelial cells about the size of parabasal 
cells (Fig. 19-28A-C). They have finely textured cyanophilic cytoplasm and frequently fine or 
sometimes large cytoplasmic vacuoles (Fig. 19-28D). Nuclei are large and may be smoothly 
configured with finely textured chromatin, or irregular with moderately coarse 
chromatin and single or multiple nucleoli. In some cases, it may be difficult or impossible to 
differentiate from atypical alveolar hyperplasia or even adenocarcinoma. 




Figure 19-27 Hyperplasia of pneumocytes, type II. A. Histologic section of lung 
showing thickened alveolar septa surfaced by hyperplastic alveolar epithelium in a case of 
interstitial pneumonia. The cells are clearly different from bronchial epithelium and 
consistent with hyperplasia of type II pneumocytes. B. Same specimen of lung as in (A) 
above. The hyperplastic alveolar epithelial cells react with an antibody to surfactant in an 
immunoperoxidase reaction, confirming their identity as pneumocytes type II. (B, courtesy 
of Dr. Allen Gown, Seattle, Washington.) 



The cells illustrated in Figure 19-28D were transiently present in the sputum of a patient 
following pulmonary infarction and raised suspicion of adenocarcinoma, but were ultimately 
interpreted as atypical type II pneumocytes. Scoggins et al (1977) described three patients with 
pulmonary infarction and false cytologic diagnoses of adenocarcinoma. Bewtra et al (1983) 
reported nine cases in which the most severe cytologic abnormalities were in the second and 
third week postinfarction. Johnston (1992) also stressed the misleading nature of cytologic 
atypias associated with pulmonary infarct. We have observed similar, marked cytologic 
abnormalities associated with pulmonary infarct, but their transient nature is an important 
diagnostic clue. 
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Viral pneumonias are another, more common source of reactive, hyperplastic pneumocytes. 

Figure 19-29A-C demonstrates cells observed in the sputum of a 60-year-old woman with a 
febrile illness diagnosed as viral pneumonia. Lung biopsies carried out because of suspected 
adenocarcinoma demonstrated interstitial fibrosis of usual interstitial pneumonia with obsolete 
alveoli lined by large cuboidal cells with large nuclei and nucleoli. Immunostaining by Dr. Allen 
Gown confirmed that alveolar lining cells bound pancytokeratin and surfactant (AT10) 
antibodies, confirming their identity as pneumocytes type II (Fig. 19-29D; see also Figs. 19-4C, 

19-27B). The cells disappeared from her sputum 2 weeks later, and the patient has remained 
well for 10 years following this episode. 

In a study of BAL cytology specimens from a series of 38 patients with acute respiratory 
distress syndrome, 
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Stanley et al (1992) noted that type II pneumocytes were transiently present during the 
early and organizing (reparative) stages of the disease but did not persist after day 32 
following onset of illness. Chemotherapy for cancer also induces atypias that may mimic cancer, 
and in some cases probably represents drug-induced carcinogenesis. This is discussed in the 
closing pages of this chapter. 




Figure 19-28 Hyperplasia of pneumocytes type II. A FNA cytology specimen from the 
case illustrated in Figure 19-27. Flat plaques of cuboidal and rounded type II alveolar 
pneumocytes are seen among larger pulmonary macrophages (Diff-Quik). B. Alveolar 
pneumocytes in a bronchial lavage specimen of another patient. The cells are rounded 
with relatively large nuclei, delicate chromatin and prominent nucleoli. C. Rosette-like 
cluster of alveolar pneumocytes with hyperchromatic nuclei mimicking adenocarcinoma. D. 
Large, vacuolated cells with enlarged nuclei, coarse chromatin and prominent nucleoli. 
These cells mimicking adenocarcinoma were present transiently after pulmonary infarction 
and interpreted as reactive pneumocytes (Case courtesy of Dr. Eileen King, San 
Francisco, California). 



The important point is that utmost caution is warranted in the interpretation of cytologic 
abnormalities from patients with known febrile illness, chronic lung disorder, 
unexplained diffuse opacity of the lung, and in patients receiving anticancer 
chemotherapy or radiotherapy. Accurate and complete clinical information is essential to 
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avoid diagnostic pitfalls. 

Abnormalities of Pulmonary Macrophages (Dust Cells) 

Alveolar macrophages may display morphologic abnormalities that require careful interpretation. 

Nuclear Abnormalities 
Multinucleation 

Bi-, tri-, and multinucleated histiocytes or macrophages are often seen in sputum in the absence 
of any significant inflammatory process. Large giant cells with numerous peripheral nuclei, 
resembling the Langhans' cells of tuberculosis, may occur in nonspecific inflammatory 
processes (see below). Thus the mere presence of multinucleated macrophages in 
cytologic material cannot be correlated with a specific disease state. 

Prominent Nucleoli 

Prominent nucleoli are occasionally observed in macrophages. The concomitant presence of 
dust granules within the cytoplasm is helpful in identifying the cells correctly. This finding is of 
no diagnostic significance. 

Degenerative Nuclear Changes 

Degenerative nuclear changes that may be confused with cancer are rarely observed in 
alveolar macrophages. The cells are typically large and are provided with correspondingly 
large, hyperchromatic, but homogeneous nuclei that are 
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sometimes irregular and multiple. These cells are described and illustrated in Chapter 21 . 




Figure 19-29 Atypical pneumocytes type II in viral pneumonia. A-C. Small clusters 
and single cells with large, hyperchromatic nuclei, some with visible nucleoli, in sputum of a 
60-year-old woman with viral pneumonia. D. Lung biopsy revealed interstitial fibrosis 
consistent with usual interstitial pneumonia. The markedly prominent alveolar lining cells 
(pneumocytes) bind the anti-surfactant antibody A10 ( D , courtesy of Dr. Allen Gown, 
PhenoPath Laboratories, Seattle, WA). 
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Lipid Pneumonia 

Lipid pneumonia may be exogenous or endogenous. 

Exogenous Lipid Pneumonia 

This disorder results from aspiration of an oily substance into the lung. Thus, habitual 
users of mineral oil or oily nose drops are subject to the disease. The radiologic appearance 
of exogenous lipid pneumonia is that of a localized infiltrate or mass mimicking lung cancer, 
usually in the lower lobes. Although this disorder is much less common today than a generation 
ago, it is still encountered from time to time, particularly among older persons, and 
differentiation from lung cancer is of paramount clinical importance. 

Because oil aspirated into the lung cannot be absorbed or metabolized, it is phagocytized by 
pulmonary macrophages that carry some of the oil droplets to regional lymph nodes. 

However, much of the oil remains within the lung where the oil-containing macrophages 
generate a granulomatous inflammatory reaction in the pulmonary parenchyma. This so- 
called golden pneumonia gets its name from the gross appearance of the lipid-rich pneumonic 
tissues. 

Cytology 

Sputum is an excellent medium for diagnosis of lipid pneumonia. Adeep cough 
specimen contains lipid-filled macrophages that are diagnostic of this disease. The 
characteristic finding of large macrophages with large cytoplasmic vacuoles or 
abundant bubbly or lacy, vacuolated cytoplasm, representing lipid-filled vacuoles, is 
pathognomonic of this disease (Fig. 19-30A). The nuclei are single or multiple, but small 
and unremarkable in appearance. The differential diagnosis is limited to mucus-producing 
cancer cells, which, as a rule, have less cytoplasm and display highly abnormal nuclei. Also, 
the cytoplasmic mucin in cancer cells is almost invariably limited to a single vacuole, unlike the 
bubbly, multiple vacuoles in the cytoplasm of lipid histiocytes. If in doubt, a fresh specimen of 
sputum can be stained for fat with Oil-red-O (Fig. 19-30B) or Sudan black. 

Pulmonary macrophages in the presence of mucus-producing lung cancer may contain 
phagocytized mucin, but again, as a usually single, fairly large vacuole. Rarely will there be 
confusion with the cells of lipid pneumonia, and in those unusual cases, the issue can be 
settled by staining for mucin to determine the nature of the cytoplasmic droplets. 
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Figure 19-30 Lipid pneumonia. A A large multinucleated macrophage with phagocytized 
lipid (lipophage) in sputum of a patient with lipid pneumonia. The multiple cytoplasmic 
vacuoles or abundant lacy cytoplasm of mono- or multinucleated macrophages are 
pathognomonic. B. Oil-red-O stain for lipid in an unfixed, air-dried specimen. C. 
Endogenous lipid pneumonia due to tissue destruction in association with organizing 
pneumonia. These lipid-filled histiocytes have very fine vacuoles, are usually mononuclear 
and not enlarged. D. Lipid histiocytes of endogenous lipid pneumonia in an FNA sample 
stained with Diff-Quik. 



Endogenous Lipid Pneumonia 

Endogenous lipid pneumonia is a complication of pulmonary disease in which there is 
tissue destruction and release of tissue lipids that are phagocytized by macrophages. 

The lipid-filled macrophages accumulate at these sites of tissue damage. This may involve lung 
parenchyma distal to an obstructing bronchial lesion such as carcinoma, or in association with 

organizing pneumonia, necrotizing granulomatous inflammation, or other chronic 
inflammatory and destructive processes including the effects of radiotherapy. Endogenous 
lipid pneumonia is more common today than exogenous lipid pneumonia. The radiologic 
presentation is typically that of the primary lung disease, and endogenous lipid 
pneumonia is usually an incidental finding. 

Cytology 

Macrophages with large, bubbly vacuoles, so characteristic of exogenous lipid pneumonia in 
sputum, are rarely observed in endogenous lipid pneumonia. Small, finely vacuolated 
macrophages are more characteristic (Fig. 19-30C,D), but they are seldom recognized in 
sputum and are not specific since they can also be found in sputum of smokers (Roque and 
Pickren, 1968). The cytologic diagnosis of endogenous lipid pneumonia is virtually always 
made by aspiration biopsy (FNA), obtained because of clinical suspicion of 
bronchogenic carcinoma. The characteristic lipid-filled macrophages may be 
accompanied by cancer cells. In cases in which such macrophages are observed, the nature of 
the principal lesion must be urgently clarified by additional cytologic or histologic samples. 

The differential diagnosis is primarily with mucinous adenocarcinoma, as discussed above. 

Among the few other conditions that mimic endogenous lipid pneumonia are Gaucher's 
disease involving the lungs, and side effects of Amiodarone, a cardiac anti-arrythmic drug 
that is associated with interstitial fibrosis and foamy macrophages in the lung. Both entities are 
described below. 

Heart Failure Cells (Hemosiderin-Laden Macrophages, Siderocytes) 

“Heart failure cells,” so named because they may be found in sputum or BAL specimens of 
patients with chronic congestive heart failure, are pulmonary macrophages containing a 
large amount of phagocytized hemosiderin, which sometimes obscures the nuclei of the 
macrophages. 
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The hemosiderin, a product of hemoglobin break-down, is a golden-brown, iron-containing 
crystalline pigment (Fig. 19-31A). Such cells are the sequelae of bleeding into the pulmonary 
parenchyma. In heart failure, bleeding into the air spaces of the lung is usually caused by 
microscopic oozing from congested alveolar septal capillaries. The hemoglobin breakdown 
products are phagocytized by macrophages. It should be emphasized that “heart failure cells” 
are not a specific indicator of heart disease, but may be seen, for example, after pulmonary 
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infarction or bleeding of any cause into the lung. Friedman-Mor et al (1976) observed 
hemosiderin-laden macrophages (siderocytes) in specimens from patients in shock, and Naylor 
found them in patients with Goodpasture's syndrome (personal communication), a disease in 
which vascular damage results from autoantibodies to the basement membrane. In the very rare 
cases of primary pulmonary hemosiderosis, the sputum also can be expected to have an 
abundance of hemosiderin-containing macrophages. 




Figure 19-31 “Heart failure” cells. A Hemosiderin blood pigment in the cytoplasm of 
macrophages has a characteristic crystalline brown or golden appearance. Hemosiderin 
may be so abundant in some histiocytes as to obscure the nucleus. B. If in doubt, 
hemosiderin can be identified by a deep blue color in the Prussian blue, ferroferricyanide 
stain for iron. 



Granules of hemosiderin should not be confused with other pigments that may be phagocytized 
by macrophages. Common dust particles are usually black and coarse, or so fine as to alter 
the coloration of the cytoplasm without visible particulates. Brown melanin pigment lacks the 
crystalline appearance of hemosiderin. The rare occurrence of bile in severely jaundiced 
patients, or in the cytoplasm of metastatic hepatocellular carcinoma, is a vaguely greenish, 
granular, but not crystalline pigment. If in doubt, hemosiderin pigment can be easily 
identified by the characteristic blue color of iron in the Prussian blue ferroferricyanide 
staining reaction (Fig. 19-31B). 

CYTOLOGY OF INFLAMMATORY PROCESSES 

Acute Bacterial Inflammation 

Cytology 

Acute bacterial inflammatory processes include pneumonias of various etiologies, lung 
abscess and purulent bronchitis, and result in tissue breakdown. In these diseases, the 
sputum and aspirated bronchial material are partly or wholly made up of purulent exudate, 
a mixture of necrotic cellular material and intact and damaged polymorphonuclear leukocytes 
(see Fig. 19-11 A). The Papanicolaoustained smears appear predominantly basophilic 
(cyanophilic) because of the abundance of necrotic nuclear material forming threads and 
amorphous masses of DNA that stain blue with hematoxylin. Although one is often tempted to 
consider such smears to be of limited diagnostic value, careful study may reveal underlying (or 
complicating) causes of the inflammatory process, including various bacterial, fungal, viral, or 
parasitic infections. The identification of causative organisms is of special importance for 
effective treatment of patients with AIDS. Also, because lung cancer, particularly squamous 
carcinomas, may occasionally be masked by coexisting inflammation, careful 
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screening for cancer cells is mandatory. 

Identification of Specific Bacterial Organisms 

The great majority of acute inflammatory processes in the lung are caused by bacteria, most 
commonly pneumococci, streptococci, staphylococci, and Klebsiella species. Even with 
special bacteriologic stains, there are few morphologic features that allow more than a 
presumptive identification of the bacterial agent or agents in cytologic preparations. 

Staphylococci, streptococci, and pneumococci may sometimes be tentatively identified by their 
configuration and growth patterns in chains (streptococci) or clusters (staphylococci). Gram- 
negative intracellular micrococci are typical of Neisseria species. The gram-positive organisms 
stain blue with hematoxylin. Legionella miedadei, a cause of Legionnaire's disease, was 
identified in bronchial washings and pleural fluid by Walker et al (1983) as either extracellular or 
intracellular small, delicate, gram-negative and acid-fast positive bacilli within the cytoplasm of 
neutrophils and macrophages. In most cases, bacteriologic culture is required for confirmation 
and specific classification of the causative organisms and to determine their antibiotic 
sensitivities. Agrowing list of nucleic acid probes and monoclonal antibodies provide new 
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bacteriologic techniques to accelerate and enhance diagnostic results. Other less common 
agents that may occasionally cause acute inflammation are discussed below. 

Atypical Pneumonias 

Atypical pneumonias in adults are caused by mycoplasma, by viruses including adenovirus, 
rhinovirus and influenza virus, by some fungi including Pneumocystis carinii and 
occasionally bacterial agents. In children and some adults, respiratory syncytial virus may be 
at fault (see below for discussion of fungal and viral manifestations in cytologic material). 

The patients usually have symptoms of an acute febrile respiratory illness with a poorly 
defined segmental infiltrate on x-ray. In most cases, the disease is transient, lasting from a 
few days to a few weeks, and ends by resolution of the pulmonary infiltrate. In some patients, 
however, the disease may become chronic with progressive interstitial fibrosis. 

Cytology 

During the acute and subacute stages of atypical pneumonias, cytologic samples of sputum 
may pose significant problems in differential diagnosis. Following a vigorous bout of 
coughing, there is often abundant desquamation of ciliated bronchial cells, some showing 
nonspecific atypias in the form of cellular and nuclear enlargement and enlarged nucleoli. 

Other nonspecific abnormalities may include occasional papillary clusters of hyperplastic 
bronchial cells (Creola bodies) and ciliocytophthoria (see above), which can occur in any 
viral infection (Pierce and Hirsch, 1958), but is particularly likely in adenovirus pneumonia 
(Pierce and Knox, 1960). An extraordinary exfoliation of papillary groups of bronchial epithelium 
(Creola bodies) seen in the bronchial aspirate from a 1 -year-old child with viral pneumonia is 
illustrated in Figure 19-32A-C. 
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C 

Figure 19-32 Bronchial cell atypia in viral pneumonia. A-C. Numerous groups of 
hyperplastic bronchial epithelial cells (Creola bodies) with hyperchromatic nuclei in the 
bronchial aspirate of a 1-year-old boy with atypical (viral) pneumonia. Note the persistence 
of cilia in some of the cells. (Case courtesy of Dr. Goodman.) ( B,C : oil immersion.) 



Abnormalities of type II pneumocytes, previously discussed and illustrated in Figure 19-29, are 
another consequence of the pneumonic process. 

Knowledge of the clinical setting is always important, but particularly in these difficult 
cases. Significant epithelial abnormalities in the smaller bronchioles and adjacent alveolar 
lining cells were noted in autopsy studies of viral pneumonias as long ago as the influenza 
pandemic of 1918 (Winternitz, 1920). Thus, the history of an acute, febrile illness should 
act as a deterrent to the cytologic diagnosis of cancer. The patient should be monitored 
with additional specimens until symptoms abate and radiologic abnormalities resolve, or until 
there is confirmed evidence of cancer on repeat specimens. The cytologic changes 
accompanying viral pneumonia can be expected to clear over a period of 4 to 6 weeks, and 
often sooner. 

Chronic Inflammatory Processes 
Chronic Bronchitis and Pneumonia 

These disorders are usually the sequelae of acute bacterial infections or atypical pneumonias 
and are recognized clinically 
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because of persisting cough, low-grade fever, and various roentgenologic images. The 
cytologic manifestations of chronic bronchitis and pneumonia in sputum and bronchial washings 
encompass a range of benign abnormalities. Nonspecific atypias of bronchial lining cells 
and squamous metaplasia are the most typical reactions to chronic inflammatory processes. 

Reserve cell (basal cell) hyperplasia and an increase in mucin-secreting cells are 

common. 

Chodosh (1970), who followed patients with chronic bronchitis by total and differential cell 
counts of 24-hour sputum samples, observed that the total number of exfoliated epithelial cells 
rose and fell according to the stage and activity of their disease, yet the differential count of 
various epithelial cell types (e.g., ciliated, nonciliated, goblet cells) remained relatively constant. 
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As expected, there was an increase in neutrophils and a drop in macrophages during acute 
exacerbations of disease, whereas the reverse sequence occurred during recovery. 

Diffuse Alveolar Damage 

Diffuse alveolar damage is the result of injury to distal alveoli resulting from a single injurious 
event, usually within the prior few days to weeks. The damage may be extensive, or it may be 
limited to a small region of the lung. There are a great variety of causes including inhalants, 
drugs, oxygen toxicity, irradiation, shock, and sepsis. Histologically, there is an early, acute 
phase characterized by pulmonary edema, a proteinaceous exudate, and hyaline membrane 
formation. This is followed in a few days or a week by hyperplasia of type II pneumocytes in 
what is apparently a reparative effort. The damage may resolve or may be followed by 
organization and fibrosis. 

Cytologic samples obtained by BAL early in the course of the disease consist of amorphous 
proteinaceous material, alveolar macrophages, neutrophils, and atypical type II pneumocytes, 
described above (Beskow et al, 2000). 

Interstitial Lung Diseases 

Under this heading, there are a number of clinically divergent lung disorders grouped as 
idiopathic interstitial pneumonias. They have common cytologic denominators and 

cannot be specifically identified on the basis of cytologic findings, although various special 
techniques have been applied to specimens of BAL in an attempt to clarify the nature of some 
abnormalities. In this group of diseases, it is essential to have accurate knowledge of clinical 
history and roentgenologic findings to avoid errors of interpretation. 

Idiopathic Interstitial Pneumonias 
Pathology and Clinical Data 

The interstitial pneumonias were first defined by Liebow (1975) and recently reclassified by 
Katzenstein (1997). Idiopathic interstitial pneumonias comprise a heterogeneous group of 
disorders of unknown etiology (hence “idiopathic”), having in common inflammation and 
progressive fibrosis of alveolar spaces, resulting in obliteration of alveoli and 
synchronous dilatation of bronchioles, leading to formation of pseudoglandular spaces. 

Nogee et al (2001 ) described a mutated gene regulating the production of surfactant protein C 
in a case of familial interstitial disease in an adolescent girl. There is no evidence, so far, that 
this or similar mechanisms are operative in other sporadic cases. The final stage of the disease 
is the so-called honeycomb lung (or end-stage lung) characterized by grossly visible cysts 
surrounded by firm, fibrosed lung tissue. Early histologic changes include hypertrophy of 
alveolar pneumocytes type II, gradually replacing alveolar epithelium by cuboidal cells 
with large nuclei, and hypertrophy of bronchiolar epithelium with bronchiolar 
metaplasia in alveoli. 

The common clinical denominator of these disorders is progressive difficulty in breathing 
(dyspnea) caused by the impaired exchange of oxygen and carbon dioxide across the alveolar 
septum (alveolar-capillary block). Roentgenologic studies show a diffuse and progressive 
opacification of both lung fields. 

Although from a cytologic point of view, this entire group of diseases can be 
considered as a single entity, there are subtle clinical and histologic differences among 
the various entities, which have been subclassified as follows: 

■ Usual interstitial pneumonia (UIP) 



1034/3276 



Koss' Diagnose- Crj/telbg^^f Rfe^Btelpafh'&laglidrBteisaAitsSyinfelof Cancer: Conventional and Aspiration Cytology 

■ Nonspecific interstitial pneumonia (NSIP) 

■ Desquamative interstitial pneumonia (DIP) 

■ Acute interstitial pneumonia (AIP) or Hamman-Rich syndrome 

■ Respiratory bronchiolitis-interstitial lung disease (RB-ILD) 

■ Chronic “idiopathic” pulmonary fibrosis 

In addition, several diseases of known or suspected cause may result in a similar clinical and 
pathologic picture and may be considered in this group of disorders. These are: 

■ Farmer's lung and various other types of allergic pneumonitis (eosinophilic 
pneumonia) 

■ Pneumoconioses (e.g., silicosis, asbestosis, anthracosis) 

■ Sarcoidosis (see below) 

■ Drug-induced pneumonitis (to be discussed separately later in this chapter) 

Cytology 

While the diagnosis often is apparent from clinical and radiologic findings, there may sometimes 

be striking atypias of reactive bronchiolar epithelium or pneumocytes type II that can 
raise questions of adenocarcinoma. These were discussed above. 

Localized chronic interstitial inflammatory processes that mimic lung cancer are most 
likely to be investigated by FNA biopsy. In most cases, the aspirate is easily recognized as 
inflammatory and benign, but on occasion, there is exuberant reactive hypertrophy and 
hyperplasia of bronchoalveolar epithelium derived from pseudoglandular spaces in the 
lung, lined by atypical cuboidal cells. The aspirate may then yield globoid or ovoid 
papillary clusters of cuboidal bronchiolar or alveolar lining cells with 
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small but visible nucleoli, usually arranged in a monolayer (Figs. 19-27 and 19-28). The small 
size of these cells, their uniform appearance, and regular small nuclei should help prevent a 
mistaken diagnosis of adenocarcinoma. Kern (1965) reported significant cell abnormalities in 
sputum of 11 patients with interstitial pneumonia, some with the Hamman-Rich syndrome. In 
two patients, the atypical cells led to an erroneous diagnosis of adenocarcinoma. In retrospect, 

Kern was dealing with atypical pneumocytes, type II. 

Another important source of diagnostic error in aspiration biopsy of the lung, particularly in 
chronic inflammatory disease, is the presence of mesothelial cells, discussed in Chapters 20 
and 26. 

With the introduction of BAL, many attempts have been made to identify these inflammatory 
disease processes more specifically by differential cell counts and immunophenotyping the 
cells, and by chemical analysis of the supernatant. The fundamental cytologic observations are 
as follows: In normal, nonsmoking persons, the total cell count in BAL specimens is 
lower than in smokers; the difference is caused by an increase in alveolar macrophages 
in smokers. In various interstitial lung diseases, there is an increase in macrophages, 
lymphocytes, and polymorphonuclear leukocytes. Achronic process is favored when 
lymphocytes are predominant, and a more acute inflammatory pneumonitis is favored when 
polymorphonuclear leukocytes are increased. Further characterization of macrophages and 
lymphocyte subtypes has been possible for some time through immunophenotyping (Costabel 
et al, 1985), but is of little practical value at present, except perhaps in suspected 
lymphoprol iterative disorders. 
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Figure 19-33 Tuberculosis. A Slender, elongated epithelioid cells with elongated, 
sometimes carrot-shaped nuclei and ( B ) multinucleated Langhans' giant cell in the sputum 
of a patient with tuberculosis. (Case courtesy of the late Dr. Magnus Nasiell, Stockholm.) 

C. Multinucleated Langhans'-like cell in sputum of a patient with viral pneumonia. The 
finding of such a cell per se is nonspecific. D. FNA of tuberculosis in lung showing a cluster 
composed of epithelioid histiocytes and spindle cells suggestive of a granuloma. 



BAL has also been studied in adult respiratory distress syndrome (summary in Hyers and 
Fowler, 1986). This potentially lethal, but occasionally reversible disorder is a complication of 
prolonged exposure to high concentrations of oxygen. It is characterized by the presence of 
polymorphonuclear leukocytes and high-molecular-weight plasma proteins in the 
lavage specimen, reflecting the increased permeability of damaged alveolar capillaries and 
interstitial tissues in the alveolar septa. 

Giant-Cell Interstitial Pneumonia 

Flard-metal workers who are exposed to the dust of a number of metallic industrial pollutants 
such as tungsten, cobalt, diamond dust, titanium, beryllium, and others may develop a peculiar 
form of chronic interstitial lung disease characterized by the presence of large multinucleated 
giant cells 
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and fibrosis of interalveolar septa. There are several reports of cytologic abnormalities in 
this disease (Valicenti et al, 1979; Davison et al, 1983; Tabatowski et al, 1988). The sputum, 
bronchial washings, and BAL fluid in such patients are reportedly characterized by the 
presence of numerous giant cells with multiple nuclei. Particles of phagocytosed material 
may be observed in the cytoplasm, and the metals can be characterized by analytical electron 
microscopy. Kinoshita et al (1999) reported two well-documented cases due to tungsten carbide 
and cobalt in which bizarre macrophages were found in BAL specimens. It now appears that 
the likelihood of disease, at least in the case of exposure to beryllium, is greatly increased in 
individuals with a genetic predisposition to develop sensitivity to this metal (Marshall, 1999). 
Tabatowski et al emphasized that the cytologic diagnosis of interstitial pneumonia must be 
supported by clinical and occupational data. The presence of giant cells in cytologic 
samples is not specific, per se, as such cells may occur in a broad variety of chronic 
inflammatory disorders, and sometimes without an obvious cause. 
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Giant-cell pneumonia of newborn infants and children is idiopathic or ascribed to a virus, 
most commonly to measles. 

Aspiration Pneumonia 

Individuals who have a suppressed cough reflex, for example, as the result of a stroke, alcohol 
or drug intoxication or postanesthesia, are at risk of aspiration pneumonia (Marik, 2001). 

Aspiration pneumonia may be acute or chronic. In acute aspiration pneumonia, foreign 
material inspired and then expelled in a sputum sample cannot be distinguished from 
contaminants of the oral cavity; the cytologic findings are nonspecific and reflect the degree of 
associated acute inflammation. A finding of foreign material in bronchial aspirate or 
lavage specimens excludes the possibility of oral cavity contamination and is diagnostic of 
aspiration. 

In cases of chronic aspiration pneumonia, one may find foreign material within the 
inflammatory exudate in a cough specimen, either partially embraced by macrophages or 
phagocytized by foreign body giant cells. The exudate is pleomorphic, and includes many 
polymorphonuclear leukocytes as well as the lymphocytes and histiocytes that typically 
characterize chronic inflammation. The diagnosis of aspiration pneumonia, whether acute or 
chronic, may have important legal implications. 

Quantitation of lipid-laden macrophages has been proposed as an index of aspiration 
pneumonitis (Corwin and Irwin, 1985) and applied to BAL in adult patients (Silverman et al, 

1989; Langston and Pappin, 1996; Knauer-Fischer and Ratjen, 1999) and to various cytologic 
samples from infants and children (Colombo and Hallberg, 1987; Collins et al, 1995; Yang et al, 

2001). The lipid-laden macrophages can be visualized in air-dried, unfixed smears by staining 
with the oil-soluble dye, Oil-red-O (see Fig. 19-30B), or after fixing in formalin or formalin vapor 
(Yang et al, 2001). We found that the stain can work adequately on conventionally prepared 
smears of bronchial irrigation or sputum specimens preserved in 50% alcohol but not processed 
through xylol or other lipid solvents. The proportion of lipid-laden cells versus the total number 
of macrophages was proposed as a grade of risk by Corwin and Irwin (1985). The grading 
system later was simplified by Yang et al (2001 ) who concluded that an absolute or relative 
increase of lipid-laden macrophages was a sensitive but not particularly specific method for the 
diagnosis of aspiration pneumonitis in pediatric patients. 

Specific Inflammatory Processes 

Tuberculosis 

Clinical Data 

Tuberculosis, caused by the acid-fast mycobacterium tuberculosis, is a worldwide 
infectious disease still rampant in the developing countries. It has seen a recent resurgence in 
the US and other industrialized countries because of AIDS. The disease has two principal forms 
depending on the portal of entry of the highly infectious organisms. The common pulmonary 
form is caused by inhalation, whereas the rare intestinal form is caused by ingestion, usually 
in milk. 

The disease is characterized by formation of minute granules (granulomas), composed of 
immobilized macrophages that resemble epithelial cells and are therefore called epithelioid 
cells. Fusion of the epithelioid cells leads to the formation of giant cells with a peripheral 
wreath of nuclei known as Langhans' cells. The center of these granulomas often is necrotic 
and the cheese-like necrotic tissue is known as caseous necrosis. 

In pulmonary tuberculosis, the upper lobes are first involved, and as the disease progresses, 



1037/3276 



Koss' Diagnose- Crj/telbg^^f Rfe^BtetpaJtl&taglidrBtosaAitsSyinfelof Cancer: Conventional and Aspiration Cytology 

large areas of confluent granulomas undergo caseous necrosis. Expulsion of the necrotic 
material through the bronchi leads to formation of cavities that are the hallmark of late stages 
of the disease. The sputum of patients with cavitating tuberculosis is rich in acid-fast bacteria 
and is the most important source of infection to others. Prevention of cavity formation by drugs 
is the main goal of public health measures. 

Early diagnosis followed by treatment is curative of pulmonary tuberculosis. The customary 
mode of disease detection is by culture of the organism or by a specific polymerase chain 
reaction (PCR) (see Chap. 3). Still, there are many cases of the disease that are not recognized 
clinically and may be mistaken for other infectious or neoplastic diseases. Recognizing the 
possibility of tuberculosis in cytologic samples would be of paramount importance to the patient 
and to society. 

Cytology 

Nasiell et al (1972) were among the first to study the sputum and bronchial secretions of a large 
group of patients with pulmonary tuberculosis. They reported identifying the component cells of 
the tubercle, the epithelioid cells, and Langhans' giant cells, in sputum (Fig. 19-33A,B). The 
identifiable epithelioid cells usually appeared in loose clusters as elongated or somewhat 
spindly slender cells, sometimes carrot-shaped with one end broader than the 
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other, and were a bit smaller than bronchial cells. They had eosinophilic cytoplasm with poorly 
defined cell borders, and pale nuclei that generally followed the elongated shape of the cells. It 
is likely that epithelioid cells with a more rounded configuration were present as well, but could 
not be distinguished from other mononuclear macrophages. The multinucleated Langhans' 
giant cells have peripherally arranged nuclei, but multinucleated giant cells with 
centrally placed nuclei also may be present. 

The original study by Nasiell et al was reported to show a high degree of specificity for 
epithelioid cells and Langhans' giant cells, and the combination of the two was considered most 
specific. In a later report from the same group, however, their original observations could not be 
sustained (Roger et al, 1972). In our own experience, the presence of multinucleated 
giant macrophages in cytologic material, even giant cells of Langhans' type, is of 
limited diagnostic value. Such cells may be observed in a broad variety of other inflammatory 
disorders (Fig. 19-33C), and in occasional patients for unknown reasons. 

Percutaneous FNAs usually yield only granular necrotic debris and a mixture of 
inflammatory cells, a dirty aspirate, including mono- and multinucleated macrophages with, 
perhaps, occasional comma-shaped epithelioid cells. The presence of a granuloma-like cluster 
of spindly (comma-shaped) epithelioid cells and histiocytes in an FNA should raise question of 
tuberculosis, but is not diagnostic (Fig. 19-33D). 

In the BAL specimens of patients with active tuberculosis and sarcoidosis, Floheisel et al (1994) 
reported an increased proportion of lymphocytes, predominantly activated T cells. The CD- 
4/CD-8 ratio of lymphocytes was increased in sarcoidosis (see below) but not in tuberculosis. 

The frequently similar radiologic presentation of tuberculosis and lung cancer, and their 
occasional coexistence, must be borne in mind when the cytologic diagnosis of tuberculosis 
is contemplated. Confirmation of tuberculosis by bacteriologic studies is essential, 
particularly in high-risk patients with AIDS in whom the disease is severe and likely to 
disseminate. In such patients, the granulomas are less well formed, more often necrotic, and 
likely to contain a greater number of acid-fast organisms. Unfortunately, stains for acid-fast 
bacilli in sputum smears or cell block sections have been of very limited value in our hands. 
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Mycobacterium Avium intraceiiuiare 

Pulmonary infections with the acid-fast bacterium, Mycobacterium avium intraceiiuiare 
(MAI), have acquired new significance with the onset of AIDS, and brief discussion of this 
disease is warranted. Once an extremely rare cause of disease in the human, it is now one of 
the most common opportunistic infections in AIDS and other immunodeficient patients, in whom 
it is a potentially lethal infection. The organism is found worldwide in soil and water. Beginning 
in the lung or gastrointestinal tract, it disseminates throughout the reticuloendothelial system 
and to the central nervous system. The involved tissues are choked with numerous swollen, 
foamy macrophages that contain enormous numbers of acid-fast organisms. Massive 
abdominal lymphadenopathy and splenomegally caused by an overwhelming MAI 
infection may mimic a malignant lymphoma. We are unaware of any systematic cytologic 
study of pulmonary MAI infection. However, in FNAsmears of lymph nodes from those patients, 
numerous bacterial rods are found within large foamy macrophages. In hematologic stains such 
as Diff-Quick, the organisms do not stain, but appear as clear or pale oblong structures within 
the cytoplasm of macrophages (see Chap. 31 ). In the immunocompetent patient with pre- 
existing chronic lung disease, MAI can sometimes cause a superimposed indolent 
granulomatous and cavitating infection that is clinically and pathologically similar to 
tuberculosis. Indolent infections with M. avium have been reported in elderly patients without a 
known predisposing immunologic defect (Prince et al, 1989). 

Other Bacterial Infections 

Material for culture can be secured in sputum, BAL, bronchial brush, or FNA specimens. On 
occasion, unusual bacterial organisms may be identified directly in such specimens. For 
example, Lachman (1995) identified Rhodococcus equi in BAL and bronchial brush 
specimens, and Hsu and Luh (1995) reported Fusobacterium nucieatum in an FNA. 

Sarcoidosis 

The granulomatous disease, sarcoidosis, differs from tuberculosis in that there is no 
caseous necrosis within the granulomas. The disease is most common in young African- 
Americans, and whereas the lung is frequently affected, sarcoidosis is a systemic disease of 
unknown cause. In most patients, the disease is chronic, involving lymphoid tissue and many 
other organs including the eye, bones, heart, etc. 

Mycobacterium tuberculosis has long been suspected of having some role in the 
pathogenesis of sarcoid, perhaps associated with a defect of cellular immunology. Bacterial 
proteins of M. tuberculosis have been reportedly demonstrated in sarcoid tissue by PCR. 

Nasiell et al observed both epithelioid cells and multi nucleated giant cells in sputum of some of 
their patients with sarcoidosis. 

We have observed well-formed granulomas composed of epithelioid cells and Langhans' giant 
cells in FNA specimens of several cases of pulmonary sarcoidosis (Fig. 19-34A-C). A 
characteristic, though not invariable or fully specific feature is the presence of laminated 
crystalline inclusions (Schaumann's bodies) in multinucleated giant cells (Fig. 19-34D). 

Such cells are suggestive of sarcoidosis. 

Zaman et al (1995) reported their findings in BAL specimens from a series of 26 patients with 
sarcoidosis and concluded that in an appropriate clinical setting, a combination of the 
following would suggest pulmonary sarcoidosis: multinucleated giant cells with highly 
reactive nuclear changes; reactive alveolar macrophages and epithelioid cells; 
lymphocytosis; and a clean background. As noted above, Hoheisel et al (1994) found an 
increased 

P.607 



1039/3276 



Koss' Diagnose- Crj/telbg^^f R!s^Btelpafh'&1aglidrBtes3Ait3§yinfelof Cancer: Conventional and Aspiration Cytology 

percentage of lymphocytes in BAL specimens with predominance of activated T cells and an 
increased CD-4/CD-8 ratio. It should be re-emphasized that the finding of multinucleated giant 
cells or lymphocytosis in itself is nonspecific, and can be observed in a variety of inflammatory 
processes or even in the absence of disease. 




Figure 19-34 Sarcoidosis. A. Sarcoid granuloma in FNAof lung from a 38-year-old 
woman and ( B ) confluent noncaseating granulomas in a needle core biopsy of lung from 
the same patient. C. Sarcoid granuloma in bronchial cytology of another patient. Note the 
multinucleated Langhans' giant cell with adherent rounded and elongated epithelioid cells. 
D. Schaumann body, a laminated crystalline inclusion in a multinucleated Langhans 1 giant 
cell, considered very suggestive of sarcoidosis. This was in a sputum specimen from a 
woman later confirmed to have sarcoidosis on biopsy of a neck node ( D \ courtesy of Dr. 
Klaus Schreiber). 



If sarcoid is suspected clinically, a transbronchial FNAof mediastinal lymph node may be more 
effective than percutaneous aspirate (Koerner et al 1975). In those cases, care must be taken 
not to confuse the epithelioid cells with cancer cells. Even with cytologic or histologic evidence 
of noncaseating granulomas, however, prudence requires that a final diagnosis of sarcoidosis 
be confirmed clinically and by negative bacteriologic study. 

Actinomycosis and Nocardiosis 

Actinomycosis and nocardiosis are suppurative infections caused by gram-positive branching 
filamentous bacteria once thought to be fungi because of their morphology. Both are 
saprophytic organisms, but may be pathogenic in patients with impaired cellular immunity. 
Actinomyces grow under conditions of reduced oxygen, and are common inhabitants of the 
tonsillar crypts and gingival crevices. The organism does not invade healthy tissues and in 
order to cause disease it must be injected into the tissue under anaerobic conditions, thus 
usually in association with trauma, for example, in the oral cavity. Consequently, they may be 
present in the sputum as contaminants of no clinical importance. They are readily 
identified by their pattern of growth in colonies made up of dense masses of hematoxylin- 
stained, tangled filaments that radiate outward and tend to be eosinophilic at the periphery 
(Fig. 19-35A). In the female genital tract, actinomycotic colonies are usually associated with 
long-term use of an intrauterine device (see Chap. 10). Pulmonary lesions caused by 
actinomyces usually represent secondary or complicating infections of already-damaged or 



1040/3276 



Koss' Diagnose- Crj/telbg^^f Rfe^Btelpafh'&taglidrBtesaAitsSyinfelof Cancer: Conventional and Aspiration Cytology 

inflamed lung tissue. Actinomyces derived from tonsillar crypts may produce lung abscesses 
from which the organism can grow into the pleura and chest wall with resulting empyema and 
fistulous tracts. The actinomycotic colonies are visible grossly as small yellow particles (sulfur 
granules). If the organism is observed in bronchial brush or bronchial aspirate from an 
infected segment of lung, or is found in a FNA of a pulmonary lesion, its role as a 
pathogen is secure (Koss et al, 1992). 
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Figure 19-35 Actinomyces and nocardia. A. The long filamentous actinomyces are best 
visualized at the periphery of the colony and are a common contaminant in specimens of 
sputum. B. Nocardia in sputum, a loose cluster of long, thin, branching filamentous 
organisms. C. Nocardial lung abscess in the same patient. 



The clinical presentation of nocardiosis is similar to actinomycosis, and usually also is an 
infection of immunocompromised individuals. It is caused by inhalation of the organism, which is 
widely present in the soil. Nocardia is an aerobic branching filamentous bacterium that is 
grampositive and resembles actinomyces but is weakly acid-fast. The organism may cause 
pulmonary abscesses (Fig. 19-35B,C). It does not usually form colonies (“sulfur granules”) 
characteristic of actinomyces. Culture is required for positive identification of the organism. 

Wegener's Granulomatosis 

Wegener's granulomatosis is a disease of unknown etiology, characterized by vasculitis of 
small and medium size vessels and necrotizing granulomatous inflammation involving the upper 
respiratory tract and lung, where it may sometimes mimic cavitating tuberculosis. 
Glomerulonephritis and generalized vasculitis are common. In the proper clinical setting, the 
diagnosis may be suggested by FNA of lung that yields amorphous or filamentous necrotic 
tissue (a “dirty” background) and an inflammatory cellular infiltrate containing mono- and 
multinucleated macrophages and, in some cases, epithelioid cells (Fekete et al, 1990; Pitman et 
al, 1992; Kaneishi et al, 1995). Five cases diagnosed by transbronchial biopsy were reported 
by Lombard et al (1990). Takeda and Burechailo (1969) observed smooth muscle cells in the 
sputum of a patient with Wegener's granulomatosis, and Hector (1976) described sputum 
cytology in two cases of Wegener's granulomatosis, but the findings were nonspecific. There is 
no evidence that sputum is an effective diagnostic technique for this disease. 
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The diagnosis must be verified by biopsy and by positive anti-neutrophil cytoplasmic 
antigen test (cANCA) confirmed by enzyme-linked immunosorbent assay (ELISA) for 
proteinase 3 (Savige et al, 1999; van der Geld, 2000). 

Lange r ha ns' Cell Histiocytosis (Langerhans' Cell Granulomatosis, Eosinophilic 
Granuloma) 

Langerhans' cell histiocytosis in the lung is part of a spectrum of diseases characterized by 
monoclonal proliferation and infiltration of many organs by Langerhans' cells (Willman et al, 

1994; Vassallo et al, 2000). The Langerhans' cells are dendritic, antigen-presenting cells, 
characterized by expression of the CDIa antigen and the presence (in electron micrographs) of 
penta-layered, rod-shaped intracytoplasmic structures known as Birbeck granules (Birbeck et 
al, 1961). 

The Langerhans' cells are associated with eosinophils and, in its localized form, the disorder is 
called eosinophilic granuloma. In cases of multiorgan involvement, the disease was once 
thought to be a different entity and was called histiocytosis X or Letterer-Siwe disease. 

These terms are now obsolete. The Hand-Schiiller-Christian syndrome (a triad of 
exophthalmos, diabetes insipidus, and bone lesions involving primarily the skull) is a 
disease of childhood most often caused by eosinophilic granuloma. 
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Langerhans' cell granulomatosis is now thought to represent a reactive rather than a neoplastic 
process (Lieberman et al, 1996; Vassallo et al, 2000; Yousem, et al, 2001), although clonality 
has been reported in extrapulmonary lesions (Willman, 1994). It accounts for an estimated 5% 
of adult patients with interstitial lung disease (Gaensler et al, 1980) who may present with 
cough and dyspnea. In chest x-rays, the upper and middle lobes of the lung are predominantly 
involved with interstitial infiltrates, sometimes accompanied by cystic changes. The disease can 
occur as a single, isolated nodule and mimic carcinoma of the lung (Fichtenbaum, 1990; Khoor 
et al, 2001). 

Cytology 

When suspected clinically, the diagnosis can be supported by BAL in which more than 5% of 
large mononuclear cells are CDIa positive (Chollet et al, 1984; Auerswald et al, 1991). 

Occasionally, a transbronchial or percutaneous aspirate may yield Langerhans' cells measuring 
10 to 12 pm and resembling macrophages with long cytoplasmic processes. The round 
or oval nuclei are finely textured and typically have a cleaved or convoluted contour, 
resulting in an appearance of nuclear creases. These cells do not show any evidence of 
phagocytosis and are CDIa and S-100 positive. In a classical case, the Langerhans' cells 
are accompanied by numerous eosinophils and lymphocytes; Charcot-Leyden crystals may 
occasionally be present (see Fig. 19-1 1C). Flowever, this classic cytologic presentation is 
uncommon. Most patients have a good prognosis, although some may end with pulmonary 
insufficiency due to fibrosis and cystic change; thus the importance of an accurate diagnosis 
(Colby and Lombard, 1983). In most cases, confirmation of the diagnosis will require lung 
biopsy, which may be successfully performed as a transbronchial biopsy, in at least some 
instances. For additional discussion, see Chapters 31 and 36. 



TABLE 19-1 DIFFERENTIAL DIAGNOSIS OF MORPHOLOGIC MANIFESTATIONS OF VIRAL 
INFECTIONS IN THE RESPIRATORY TRACT OF MEN 



Epithelial Cytoplasmic Nuclear Multinucleated Cell 
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Target Cell 


Inclusions 


Inclusions 


Giant Cells 


Degeneration 


Herpes simplex 


Respiratory 

squamous 


No 


Yes, 
ground- 
glass and 
eosinophilic 


Yes 


No 


Cytomegalovirus 


Respiratory 


Yes, 

eosinophilic 

or 

basophilic 
with halo 


Yes, 

basophilic 

or 

eosinophilic, 
large halo 


Occasional 


No 


Parainfluenza 


Respiratory 


Yes, 

eosinophilic 
with halo 


No 


No 


Yes 


Adenovirus 


Respiratory 


No 


Yes, 

multiple 

basophilic 


No 


No 


Respiratory 
syncytial virus 


Respiratory 


Multiple 
basophilic 
with halos 


No 


100% 


Slight 


Measles 


Respiratory 


Multiple 

small 

eosinophilic 


Rare 


100% 


Slight 



(Modified from Naib ZM, et al. Cytological features of viral respiratory tract infection. Acta Cytol 
12:162, 1968.) 



SPECIFIC VIRAL INFECTIONS 

Over the years, specific cytopathic changes have been described for different viral infections of 
the respiratory tract. Credit for many of the initial observations goes to Naib et al (1963, 1968). 
The issue is particularly important for patients with ADS, who are prone to viral infections that 
may be treated with antiviral pharmacologic agents. Infectious viruses are obligatory cellular 
parasites, often forming inclusion bodies as they multiply within cells. Table 19-1, modified from 
Naib et al (1968), summarizes the principal cytopathic changes attributed to several different, 
common viral infections identified by culture. Frable et al (1977) described their findings in 33 
cases of upper respiratory tract viral infection diagnosed by cytology. A description of cell 
changes for each specific virus follows. 

Herpes Simplex Virus 

As discussed in Chapter 10, herpes simplex is a DNA virus related to herpes virus type II, 
varicella-zoster virus, and to cytomegalovirus. Until a few years ago, herpetic tracheobronchitis 
and pneumonia had been considered rare disorders affecting markedly debilitated patients. We 
now know it is not uncommon. Herpesvirus infection has been observed in burn patients (Foley 
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et al, 1970) and in cancer patients (Rosen and Hajdu, 1971). It is a fairly frequent cause of 
respiratory tract disease that affects children as well as adults, although again, particularly 
patients with AIDS. At the Montefiore Hospital, 30 
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documented cases of herpetic pneumonia were observed during a 2-year period from January 
1975 to December 1976, and many more since that time. Yet, while several of the patients had 
cancer or were immunodeficient, about half had no clinical evidence of immune 
incompetence. Similar observations were recorded by Frable et al (1977). Lindgren et al 
(1968) observed that herpes virus may be recovered from respiratory secretions of adults 
without evidence of disease. Clinically, most patients present with high fever and intractable 
cough, with or without roentgenologic evidence of pneumonia. Vesicles and ulcerative lesions 
may be present in the mouth and the upper respiratory tract (Fig. 19-36A). 

Cytologic examination of sputum reveals multinucleated cells with moderately enlarged 
basophilic nuclei of ground-glass appearance (Fig. 19-36B), or nuclei with margination 
of chromatin and large intranuclear eosinophilic inclusions (Fig. 19-36C,D). The nuclei 
are molded by contact with each other. There are no cytoplasmic inclusions. Herpes 
virus can be specifically identified in cells and tissues by immunocytochemistry with monoclonal 
antibody and by in situ hybridization with cDNA(see Chaps. 3 and 4). Most immunocompetent 
patients recover spontaneously without antiviral therapy. 






* 




Figure 19-36 Herpes simplex. A Herpetic tracheitis showing confluent shallow ulcers in 
the congested mucosa. B. A multinucleated cell with nuclear molding and ground-glass 
nuclei in suptum specimen. C. Binucleated bronchial cell with preserved terminal bar and 
cilia and a single well-formed, homogeneous nuclear inclusion in each nucleus. D. 
Binucleated bronchial cell with nuclear molding, a homogeneous central inclusion within 
each nucleus, and nuclear clearing about the inclusion with margination of chromatin. 
(B,C: High magnification; D: oil immersion.) 



It cannot be sufficiently emphasized how essential the cytologic or virologic identification of this 
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disease is for the patient. Patients with a history of treated cancer may develop herpetic 
pneumonia that mimics metastatic tumor. In those patients, a cytologic finding of 
herpes may prevent unnecessary or even harmful treatment. It is worth emphasizing that 
in debilitated patients with advanced stages of cancer or AIDS, herpetic pneumonia may 
complicate diseases caused by other infectious agents, primarily fungi. 
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Varicella-Zoster Virus 

Varicella-zoster virus is closely related to the herpes virus. Skin lesions such as varicella 
(chicken pox) and herpes zoster are caused by this virus. In children, and in patients with AIDS, 
the virus can cause pneumonia. Herpes virus-type inclusions may be observed in epithelial 
cells of the bronchioles and within the desquamated cells in the alveoli. 

Cytomegalovirus 

Cytomegalovirus (CMV) is a DNA virus related to herpes. In debilitated infants and 
immunocompromised patients, the virus may cause a fatal illness. 

CMV is characterized in histologic sections and cytologic specimens by the presence of 
markedly enlarged cells (hence the name) with large, basophilic intranuclear inclusions 
surrounded by a clear halo, and sometimes, tiny satellite basophilic inclusions in the 
cytoplasm (Fig. 19-37A,B). They may be demonstrated in sputum (Fig. 19-37C,D), as first 
shown by Naib (1963) and Warner et al (1964). While most affected cells are mononuclear, 

Naib (1963) also noted that the inclusions may be seen in multinucleated giant cells. Epithelial 
and endothelial cells are involved widely throughout the body, including bronchiolar and 
alveolar epithelial cells and macrophages. In infants, the characteristic inclusions are best 
demonstrated in exfoliated renal tubular cells in the urinary sediment (see Chap. 22). In patients 
with AIDS, CMV infection maybe associated with multiple other viral and fungal agents. In 
questionable cases, the virus can be documented by immunocytology with a specific antibody, 
by in-situ hybridization, or by PCR. 




Figure 19-37 Cytomegalovirus (CMV) targets epithelial and endothelial cells, which are 
enlarged with large nuclei that contain a homogeneous basophilic inclusion with 
surrounding halo. There may be one or more tiny cytoplasmic inclusions. A,B. Histologic 
sections of lung showing cytomegalovirus inclusions in desquamated cells within alveoli. 
C,D. Sputum with cytomegalovirus inclusions in exfoliated cells. ( C,D : oil immersion.) 
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Adenovirus 

Koprowska (1961) described eosinophilic intranuclear inclusions attributed to adenovirus in 
respiratory epithelial cells within smears of respiratory secretions. Naib et al (1968) pointed out 
that the affected respiratory cells and their nuclei are usually enlarged but retain their 
cilia. The enlarged nuclei contain multiple spherical eosinophilic inclusions with halos 
(Fig. 19-38). The inclusions in some cells merge into a single basophilic mass. The term 
smudge cell was used to describe them. Pierce and Knox (1960) observed massive 
ciliocytophthoria in adenovirus infection (see above). 

Parainfluenza Virus 

In children with this viral infection, Naib et al (1968) described uniform epithelial cell 
degeneration with 
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ciliocytophthoria of respiratory epithelial cells. There are multiple eosinophilic 
cytoplasmic inclusions, but no intranuclear inclusions. 




Figure 19-38 Adenoviral infection: enlarged bronchial cells with preservation of 
cilia. In the nucleus are multiple round, in reality, eosinophilic inclusions with halos (oil 
immersion). (Courtesy of Dr. Zuher Naib, Atlanta, GA) 



Respiratory Syncytia! Virus 
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This infection, which can be fatal, occurs principally in infants or children with primary 
immunodeficiency. It may be seen in immunocompromised patients following bone marrow or 
organ transplant, or after chemotherapy for neoplastic disease. It may occur in normal 
individuals. 

The classical cytologic finding in infections with respiratory syncytial virus (RSV) is the 
formation of very large syncytial cell aggregates, measuring 100 pm or more in diameter 
(Fig. 19-39). Naib et al (1968) described multiple, deeply basophilic inclusion bodies with 
clear halos within the degenerated cytoplasm of the multinucleated syncytial giant cells. 

Immunocompromised children with fatal RSV infection typically have a giant cell pneumonia 
(Hall et al, 1986). 




Figure 19-39 Respiratory syncytial virus (RSV). Histologic section of lung from autopsy 
of an infant who died with RSV bronchitis, showing the large multinucleated syncytial cells 
in a bronchiole destroyed by inflammation. 



In what may have been an earlier stage or more subtle form of the disease, Zaman et al (1996) 
described one or more discrete eosinophilic cytoplasmic inclusions in mononuclear 
pneumocytes of a BAL specimen from a 45-year-old man who was immunocompromised after 
stem cell transplantation for multiple myeloma. Multinucleated giant cells were rare. There were 
no nuclear inclusions and no nuclear molding. Parham et al (1993) also described pink 
intracytoplasm ic inclusions in a May-Grunwald-Giemsa-stained BAL specimen of a child with 
RSV following bone marrow transplantation, confirmed by immunofluorescence and electron 
microscopy. 

Measles (Rubella) 

This common infection of childhood is caused by an RNA virus of the paramyxoma family. The 
infection is usually of a transient nature, but may be fatal in debilitated children in developing 
countries or in immunocompromised patients regardless of age. The disease is characterized 
by formation of multinucleated giant cells (Warthin-Finkelday cells) that may occur 
throughout the reticuloendothelial system, mainly in lymphoid tissue and lymph nodes. Measles 
pneumonia is one of the potentially fatal manifestations of the disease. 

As early as 1955, Tompkins and Macauly reported finding Warthin-Finkelday giant cells in 
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nasal secretions before the appearance of other clinical signs of measles such as Koplik's 
spots and skin rash, an observation later confirmed by Beals and Campbell (1959) and by 
Mottet and Szanton (1961 ). It was proposed as a means of early cytologic diagnosis of 
measles. 

The Warthin-Finkelday cells have up to 100 nuclei and contain spherical eosinophilic 
intracytoplasm ic and intranuclear inclusions. Similar cells were observed by Naib et al 
(1968) in material from the respiratory tract and by Abreo and Bagby (1 991 ) in sputum. Harboldt 
et al (1994) described two types of giant cells in an immunosuppressed patient with measles 
pneumonia: Warthin-Finkelday giant cells and syncytial epithelial giant cells. The latter 
are formed by coalescence of hyperplastic alveolar epithelial cells, probably pneumocytes type 
II, and contain no more than 35 nuclei, whereas Warthin-Finkelday giant cells, which are found 
throughout the reticuloendothelial system, contain up to 100 nuclei. Both types of giant cells 
have intranuclear and intracytoplasm ic, sharply demarcated eosinophilic inclusions. 



Po/yomavirus 

The homogeneous basophilic nuclear inclusions of polyomavirus, affecting mainly the 
urinary tract and the central nervous system, may occur in bronchial cells (Fig. 19-40). The 
virus may also cause a fishnet chromatin structure identical with that seen in urothelial cells 
(see Chap. 22). 
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The pulmonary infection appears to be incidental and has no known clinical significance. 




Figure 19-40 Polyoma virus. A. Sputum specimen with viral inclusion in bronchial cell. B. 
At higher magnification, the nuclei of affected cells have lost chromatin structure and 
appear homogeneously basophilic and slightly enlarged. In a later stage of degeneration, 
the chromatin takes on a coarse “fishnet” structure (B: oil immersion). 



Human Papillomavirus 

Koilocytes, cells that are pathognomonic of a permissive human papillomavirus infection, have 
been observed in cytologic material derived from solitary papillomas of the bronchus. The 
possible role of the virus in the pathogenesis of solitary bronchial papillomas and in 
bronchogenic squamous cancer is discussed in Chapter 20. Human papillomavirus in 

laryngeal and tracheobronchial papillomatosis is discussed in Chapter 21. 



NONSPECIFIC INTRACYTOPLASMIC INCLUSIONS 

Small eosinophilic intracytoplasm ic inclusions are not infrequently observed in 

desquamated bronchial cells of patients with or without cancer. Similar inclusions are commonly 
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seen in cells of the urinary sediment (see Chap. 22 for further discussion of their nature). The 
eosinophilic cytoplasmic inclusions seen in ciliocytophthoria (see above) are 
morphologically similar. These inclusions represent degenerative cytoplasmic aggregates of 
intermediate filaments and have no diagnostic significance. They should not be confused with 
viral inclusions. It has been suggested that such inclusions are more numerous in the presence 
of metastatic urothelial cancer. This has not been our experience. 

PULMONARY MYCOSES 

Although lung diseases caused by fungi have been known for many years in endemic areas, 
the movements of populations, treatment of patients with immunosuppressive agents, and 
mainly the onset of AIDS have significantly increased the prevalence of this group of diseases 
in the US and other countries. Many of the organisms can be identified in routinely 
Papanicolaou-stained cytologic material from the respiratory tract, although some require 
culture or special staining procedures for identification. Sputum or BAL specimens are 
commonly used for diagnosis, and fiberoptic bronchoscopy with BAL cytology is reported to 
approach 90% sensitivity; together with transbronchial biopsy, diagnostic yield has been as 
high as 98% (Broaddus, 1985). With the availability of new drugs, the proper identification of 
these organisms has become an urgent, potentially lifesaving task. 

Pathogenic Fungi 

This group of fungi is primary pathogens (i.e., they are capable of causing disease in otherwise 
normal, healthy persons). Only a few of the most common and most important organisms seen 
in cytologic preparations will be discussed here. The reader is referred to other sources for 
more extensive description. 

Cryptococcus neoformans (hominis) 

Once uncommon, cryptococcal infections are now frequently observed in AIDS, and 
occasionally in immunosuppressed leukemic patients. The diagnosis is of considerable 
clinical importance. While the disease typically presents as a meningitis (see Chap. 27), the 
lung is believed to be the site of entry for the fungus (see below); hence, its early detection 
and treatment may prevent dissemination. 

Histology 

Lung involvement may be diffuse or localized. In the diffuse form, as the organism extends 
throughout the alveolar space, its thick mucoid capsular material can suggest pulmonary 
alveolar proteinosis. In its localized granulomatous form, the fungal lesions can mimic 
bronchogenic carcinoma (Fig. 19-41 A). The cryptococcal infection in 
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lung and particularly in meninges has a characteristic sticky mucoid appearance that should 
suggest the proper diagnosis on gross examination. 
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Figure 19-41 Cryptococcus. A Gross photograph of cryptococcal pneumonia, which has 
a greywhite mucoid appearance and may mimic a mucinous lung cancer. B. A cluster of 
cryptococcal spores in sputum under high magnification. Note that the thick capsule is only 
faintly stained by the Papanicolaou stain. C. Narrow-based budding of Cryptococcus 
(arrow). D. Cryptococcal yeast varies in size; some are phagocytized by macrophages, 
others lie free. The capsules stain red with mucicarmine. (B-D: Oil immersion.) 



Cytology 

The spherical yeast form of the organism, as it is seen in the sputum, varies greatly in size 
from 5 to 25 pm in diameter, and has a thick, sharply demarcated transparent capsule (Fig. 
19-41B). It produces a single, teardrop-shaped bud (spore) attached to the mother cell by 
a narrow pedicle (Fig. 19-41C). The organisms are faintly stained in both Papanicolaou and 
Diff-Quick stains. They may be found free or phagocytized within mononuclear alveolar 
macrophages or multinucleated giant phagocytes (Fig. 19-41D). The thick mucoid capsule 
stains with mucicarmine (Fig. 19-41D), periodic acid-Schiff (PAS), and Gomori 
methenamine silver stains, facilitating identification in sputum as in spinal fluid (see 
Chap. 27). In fresh sputum specimens, the organisms can be stained supravitally with 1% cresyl 
blue in distilled water and counterstained with Sudan IV in 70% alcohol (Beemer et al, 1972). 

Blastomyces dermatitidis 

Pulmonary blastomycosis caused by Blastomyces dermatitidis was described in detail by 
Johnston and Amatulli (1970). The disease, observed mainly in young people, produces 

granulomatous lesions and abscesses in the skin. The fungus may also involve the lungs 
wherein it causes pneumonias that can mimic bronchogenic carcinoma. It may be fatal if 
untreated. Primary diagnosis of this disease by cytologic examination of sputum should 
be the rule. 

In sputum, the yeast forms of the organism are spherical, about the same size or larger 
than Cryptococcus, from which they differ by absence of the thick, mucoid capsule 
(Fig. 19-42A). The organism has a retractile, thick wall, stained by methenamine silver 
(Fig. 19-42B). It produces single buds, which are often rounded and are attached to the 
mother cell by a broad, flat surface. The form of the bud and its attachment differ from the 
teardrop-shaped bud of Cryptococcus. The organisms may be phagocytized by macrophages 
or found free. Other forms of blastomycosis have not been reported in cytologic material. 
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Coccidioides immitis 

Coccidiomycosis, previously endemic to the San Joaquin Valley in California, the western and 
southwestern regions of the US, and Central and South America, now has a worldwide 
distribution. In New York State, there have been approximately 30 cases a year for the last 5 to 
10 years, 
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almost all in immunodepressed individuals who have traveled to endemic areas (Chaturvedi et 
al, 2000). The pulmonary form of the disease produces infiltrates that may be 
pneumonic, may mimic tuberculosis because of cavitary lesions, or may present as a 
lung mass that can simulate a neoplasm. In most cases, primary infections are 
asymptomatic and the disease is self-limiting; but in a small percentage of patients, progressive 
generalized forms of the disease may occur. 




Figure 19-42 Blastomycosis. A. Sputum with two blastomyces yeast in a macrophage. B. 
Blastomyces are stained by Grocott silver stain. Note the cluster of organisms, which were 
engulfed by a phagocytic giant cell, not well shown. There are other extracellular 
organisms, including one with broad-based budding. 



The organism in sputum has been described by Naib (1962), Guglietti and Reingold (1968), 
and Johnston (1992) as large spherules with thick walls, measuring from 20 to 100 pm in 
diameter. Minute endospores may be observed within the spherule in sputum (Fig. 19- 
43A), often more readily than in histologic sections. The endospores stain reddish in 
Papanicolaou stain (Guglietti and Reingold, 1968). Rosenthal (1988) observed the organisms in 
FNA of cavitary lesions; and Raab et al (1993) described and illustrated the cytologic findings 
in 73 patients diagnosed by FNA They noted large amounts of granular, eosinophilic debris in 
the smears, with a paucity of inflammatory cells. Many of the spherules had a crushed or 
fractured appearance, and some were calcified. 
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Figure 19-43 Coccidiomycosis. A. Large thick-walled spherule in sputum, almost as 
large as an intermediate squamous cell, containing endospores. B. Methenamine silver 
stain of same specimen. (Case courtesy of Ms. Carol Bales and Ms. Gretchen Torres.) 



Paracoccidioides brasiiiensis 

Paracoccidiomycosis is endemic to Brazil and other parts of South America. The fungus 
Paracoccidioides brasiiiensis is characterized by large spores surrounded by multiple 
peripheral buds, sometimes described as a ship's wheel (Fig. 19-44). Tani and Franco (1984) 
examined sputum and bronchial cytology specimens from 45 patients with lung involvement 
and were able to identify the organism in Grocott-stained specimens from 43 of the 45 patients, 
primarily in cell block sections. Most of the specimens were purulent or hemorrhagic and 
contained epithelioid cells and multinucleated giant cells within inflammatory exudate. They 
concluded that cytology was an effective diagnostic technique for this infection. 

Histopiasma capsuiatum 

Histoplasmosis is seen predominantly in the southern states and the Ohio and Tennessee 
valleys. Many organs of 
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the body may be affected. The pulmonary forms of the infection can mimic tuberculosis 
and may be a cause of sclerosing mediastinitis. 




$ ' 



V 



Figure 19-44 Paracoccidiomycosis: Thick-walled spherules with peripheral buds 
resembling the spokes on a ship's wheel (high magnification). 



The tiny organisms (2 to 4 pm in diameter) are best recognized when seen within the 
cytoplasm of a macrophage, which they may fill with tiny dot-like structures with clear 
halos (Fig. 19-45). Johnston (1992) reported great difficulty in identifying this organism in 
sputum, and without special stains such as the Grocott methenamine silver stain, it is virtually 
impossible. The disease is not uncommon in AIDS patients (Salzman et al, 1988; Tomita and 
Chiga, 1988) and when suspected, the organisms are best demonstrated by silver staining of 
BAL specimens. (Blumenfeld and Gan, 1991). 
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Sporothrix schenkii 

Pulmonary sporotrichosis is uncommon. Clinically, it may mimic tuberculosis, but there are no 
specific signs or symptoms. 

Farley et al (1991) described finding multiple, small (2-4 pm) ovoid, eosinophilic 
intracytoplasm ic yeast in macrophages of Papanicolaou-stained sputum from two patients 
with culture-confirmed sporotrichosis. Gori et al (1997) reported making this diagnosis by 
sputum cytology in an HIV-infected patient. 




Figure 19-45 Histoplasmosis: Numerous tiny dot-like yeast with clear halos are seen 
here engulfed by histiocytes in the spleen. They measure about 2 pm (oil immersion). 



The yeast has a nonstaining cell wall, giving the appearance of a thin halo. They closely 
resemble Histoplasma capsulatum, from which they may be differentiated by their tendency to 
form elongated, budding cigar bodies 2 to 3 pm thick and up to 10 pm in length. Hyphae 
formation at body temperature is unusual. This fungus should not be confused with Candida 
albicans, which is extracellular and often forms pseudohyphae (see below). 

Rhinosporidium seeberi 

Rhinosporidiosis is primarily an infection of the nasal mucosa and upper respiratory tract, 
endemic in parts of India, Central, and South America. In tissues, the fungus is in the form of 
a large sphere or sporangium measuring 25 to 300 pm in diameter. The sporangium has 
a thick homogeneous wall and clear cytoplasm containing many small endospores. 

The fungus cannot be cultured, and diagnosis requires direct examination of tissue or cell 
samples. Gori and Scasso (1994) reported cytologic findings in two cases. 

Opportunistic Fungi 

The opportunistic fungi that are normally found as saprophytes may become pathogenic in 
debilitated or immunocompromised patients. Masses of such fungi may inhabit bronchi as 
fungus balls (mycetomas) for prolonged periods, and may cause significant atypias of the 
bronchial lining that can lead to an erroneous diagnosis of cancer, as illustrated below. The 
error may be compounded by the radiologic presentation of a single pulmonary lesion mimicking 
cancer. 
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Fungi of the class Phycomycetes, which include Aspergillus and Mucor species, are 
widely distributed in nature and can produce an alarming and often deadly form of 
pneumonia in susceptible individuals. They have a propensity to invade pulmonary vessels, 
thereby causing infarction, necrosis, and abscess formation (phycomycosis). Organs such as 
the orbit and brain can be infected as well. This dramatic clinical picture with its ominous 
prognosis, has now been recognized as a fairly frequent complication of intensive 
multiagent chemotherapy of cancer and in AIDS patients. Chest x-rays may show 
pneumonic consolidation, solitary or multiple nodules or masses, and cavitation with or without 
intracavitary masses (mycetomas) (McAdams et al, 1997). 

Candida albicans (Mon Hia or Thrush) 

Budding yeast and/or pseudohyphae of Candida may be observed in specimens taken from 
the oral cavity or vagina where the warm, moist environment provides ideal growth conditions 
(see Chaps. 10, 15, and 21). In well patients, it is usually considered an innocuous tenant. In 
immunosuppressed or debilitated patients, and not infrequently in terminal cancer patients, it 

may become invasive and disseminated, 
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causing urinary tract and pulmonary infections (Fig. 19-46), and sometimes septicemia with 
endocarditis. Its presentation in sputum and other pulmonary specimens is as described in other 
sites (see the chapters cited above). 

Pseudohyphae of monilia must be differentiated from hyphae of Trichoderma sp, a common 
contaminant (Fig. 19-46B). 

Aspergillus Species (Aspergillosis) 

Aspergillus may produce a diffuse pulmonary infection or solitary lung lesions (so-called 
solitary aspergilloma), observed mainly in debilitated and AIDS patients. It has a strong 
tendency to invade blood vessels with infarction and necrosis of tissues, and cavitation 
harboring a fungus ball (mycetoma). Early cytologic diagnosis of aspergillosis leading to 
effective treatment may be life-saving. 

Microscopic Features 

The rigid, thick, brown, septate hyphae of the fungus are readily identified when present in 
sputum or bronchial wash specimens (Fig. 19-47A). The hyphae branch at an angle of 
approximately 45°, one of the features that differentiates this fungus from the Mucor species 
(see below). Under proper aerobic conditions, fruiting heads or conidiospores will be formed 
(Fig. 19-47B). 

A characteristic feature of aspergillosis, mainly with the species Aspergillus niger, is 
the formation of calcium oxalate crystals, first reported in cytologic material by Reyes et al 
(1979). The crystals, which may be observed in sputum, bronchial washings, BAL, and pleural 
fluid are colorless, sheaf-shaped structures that are strongly birefringent under polarized light. 
Presence of the crystals alone, even if the organism cannot be identified, is highly suggestive 
of aspergillosis. The differential diagnosis includes the rhomboid, birefringent crystals of 
barium sulfate, once used as a roentgenographic contrast medium (Shahar et al, 1994), and 
the very rare intracellular calcium crystals observed by Vigorita et al (1979) in a patient with 
tuberculosis. 

Thick-walled bronchiectatic or abscess cavities containing fungus balls (mycetomas) (Fig. 19- 
47C) may be surfaced by atypical metaplastic squamous epithelium (Fig. 19-47D) or ragged 
reactive hyperplastic basal epithelium (Fig. 19-47E.F). 
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Figure 19-46 A Candida. Spores and pseudohyphae growing in the bronchial mucosa. 
See other chapters for additional illustrations. B. Trichophyton sp, a common cause of 
dermatophycomycosis and a contaminant in saliva resembling Candida pseudohyphae 
(A,B: High magnification). 



Mucor Species (Mucormycosis) 

This family of fungi, like aspergillus, is capable of invading blood vessel walls and causing 
vascular thromboses and infarcts (mucormycosis). Its principal representative is Mucor, but 
several other related fungi may cause disease (Johnston, 1992). Infection with Mucor occurs in 
diabetics and in debilitated or immunocompromised patients. 

The fungi are recognized by broad, ribbon-like, nonseptate hyphae of variable diameter 

that branch at 90° (Fig. 19-48). Unlike Aspergillus, the hyphae are wavy and folded. The 
organism has been identified in sputum, bronchial brushings, and BAL. 

Pneumocystis carinii 

Pneumocystis carinii, a ubiquitous organism, has assumed a major role in pulmonary pathology 
and cytology since the onset of AIDS. Because of its microscopic appearance, the organism 
was long considered to be a protozoan parasite, although its molecular biologic features now 
indicate that it is a fungus (Edman et al, 1988). The mature organism forms small cysts, 
measuring 4 to 6 pm in diameter, containing tiny trophozoites that, upon rupture of the cyst, 
are released, and in turn, mature to form new cysts. Before the onset of AIDS, pneumonia 
caused by P. carinii was only occasionally observed in debilitated infants and 
immunocompromised adults. Today, it is often the first and dominant major complication 
of AIDS. The clinical presentation of P carinii pneumonia is highly variable, ranging from 
minimal pulmonary infiltrate to rapidly progressive and extensive pneumonia. Because recovery 
depends on prompt treatment, rapid diagnosis is essential. 

Once the disease is suspected in an immunodeficient patient, either because of respiratory 
symptoms or clinical signs, BAL specimens are generally recommended for diagnosis (Stover et 
al, 1984; Broaddus et al, 1985). Bronchial 
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brushing is of limited additional value (Djamin et al, 1998). BAL has almost completely 
replaced open lung biopsy, which was previously considered necessary for diagnosis. 

While the organisms also may be found in spontaneous or induced sputum (Bigby et al, 1986), 
and in bronchial washings, they are generally few and difficult to identify. 
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Figure 19-47 Aspergillus. A. Aspergillus in sputum showing septate, rather rigid hyphae 
branching at an acute angle. B. Fruiting head of aspergillus identified at autopsy, a 
response to aerobic conditions. (Case courtesy of Dr. M. B. Zaman.) C. Thick-walled 
abscess cavity with aspergilloma. Both halves of the cavity are shown. D. Atypical 
squamous metaplasia of the cavity wall shown in C. E Markedly inflamed wall of another 
bronchiectatic cavity containing an aspergillus fungus ball (aspergilloma). The lumen is 
lined by irregular reactive basal epithelial cells. Elsewhere, there was marked basal cell 
hyperplasia. EAcluster of small, dark, tightly packed basal epithelial cells in bronchial 
washings from the same patient prior to surgery. The cells are consistent with origin from 
the lining epithelium illustrated in E ( B : High magnification.) (E and Efrom Koss and 
Richardson, 1955.) 



Cytology 

The P. carinii organisms themselves are not easily identified in conventional smears 

with the Papanicolaou or Diff-Quick stain, though their very likely presence is signaled by the 
finding of finely vacuolated or foamy proteinaceous alveolar casts in bronchial wash 
specimens (Naimey and Wuerker, 1995). 
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In the proper clinical setting, these casts are essentially diagnostic of Pneumocystis infection 
(Fig. 19-49A). The cysts, which are unstained by conventional cytology stains, account for the 
vacuoles found in the casts. They are spherical, oval, or cup-shaped structures with one 
flat surface, measuring 4 to 6 pm in diameter. Within the cysts, one or two tiny dot-like 
trophozoites or sporozoites, measuring 0.5 to 1 pm in diameter, may be seen (Sun and 
Chess, 1986). The trophozoites that are released from a cyst appear as numerous small dots. 

The walls of the cysts and the trophozoites are stained and readily identified by the Grocott 
methenamine silver (GMS) or Gram-Weigert stain (Fig. 19-49B,C). 
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Figure 19-48 Mucormycosis. A Bronchial aspirate with mucormycosis in a patient with 
malignant lymphoma. B. Mucormycosis in brushing cytology of upper respiratory tract from 
an immunosuppressed patient with kidney transplant. The hyphae are folded and wavy, flat 
and broad compared with aspergillus, and nonseptate. They branch at right angles 
compared to the rigid, acute angle branching of aspergillus. ( AB : High magnification.) 







Figure 19-49 Pneumocystis carinii. A. Bronchial wash specimen showing a 
proteinaceous cast of an alveolus containing many tiny vacuoles. The vacuoles are due to 
the presence of unstained Pneumocystis cysts. The Grocott methenamine silver stain ( B ) 
or Gram-Weigert stain (C) may be used to stain the cysts. 



P carinii also can be visualized in unstained or Papanicolaou-stained slides by their bright 
yellow fluorescence under the fluorescence microscope (Ghali et al, 1984; Chandra et al, 

1988), but this diagnostic technique is seldom used. It should be noted that the walls of 
cryptococci also 
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are fluorescent (Sun and Chess, 1986), but the size and configuration of the P. carinii 
organisms are quite different. A number of monoclonal antibodies to P. carinii are now 
available for immunocytologic identification of the organisms (Kovacs et al, 1986; Blumenfeld 
and Kovacs, 1988; Elvin et al, 1988). Kovacs et al (1988) reported over 90% sensitivity and 
100% specificity in the immunocytologic diagnosis of P. carinii in induced sputum samples. The 
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more sensitive PCR technique has been described recently by the same group (Olsson, 1996); 
but it may be too sensitive, picking up cases in which these ubiquitous organisms are present 
without infection. In a comparison of immunofluorescence and PCR with direct staining 
techniques, Armbruster et al (1995) favored a combination of the Diff-Quick stain and the 
fluorescent dye, Fungifluor. For the present, we find the methenamine silver staining 
technique on BAL specimens to be our diagnostic method of choice. 




Figure 19-50 Allescheria boydii. Pulmonary mycetoma caused by Allescheria boydii. A 
Composite photograph of cell abnormalities found in the patient's sputum. These were 
thought to represent squamous cancer. Cyst lining, partly well differentiated ( B ) and partly 
atypical squamous epithelium ( C ). The causative organism: conidia on conidiophores ( D ) 
and a tuft of conidiophores (E). (From Louria DB, et al. Pulmonary mycetoma due to 
Allescheria boydii. Arch Intern Med 117:748-751, 1966.) ( D : oil immersion.) 



P. carinii trophozoites must be differentiated from 
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histoplasma, which does not form cysts, has a more uniformly round configuration, and does 
not present in clusters. Because histoplasma elicits a granulomatous reaction, it is very rarely 
seen in sputum or BAL specimens. The differential diagnosis is more important in histologic 
sections than in cytologic samples. 
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A/ternaria 

This species was discussed as a contaminant (see above). It may be a cause of 
hypersensitivity pneumonitis in woodpulp workers (Schleuter et al, 1972) and can rarely cause 
pulmonary granuloma (Lobritzet al, 1979). 

Cytology of Mycetomas 

Mycetomas are fungus balls lodged in a bronchiectatic cavity. The markedly inflamed, thick wall 
of an aspergilloma cavity (see Fig. 19-47C) can simulate a cavitating carcinoma on x-ray. The 
epithelial lining of such a cavity may undergo reactive basal cell hyperplasia and squamous 
metaplasia with marked atypia that may lead to a diagnostic error in cytologic samples. 
Figures 19-47E and F illustrate an early case in which cells shed from the reactive basal cell 
hyperplasia surfacing an aspergilloma cavity were mistakenly interpreted as small-cell 
carcinoma (SSC). 

In our experience, the most striking cytologic abnormalities were seen in a case of pulmonary 
mycetoma caused by Allescheria boydii, reported by Louria et al (1966). This patient with an 
unusual, clinically suspect solitary lesion of the right upper lobe of the lung had markedly 
abnormal squamous cells in specimens of sputum on several occasions, resulting in an 
erroneous diagnosis of squamous cancer (Fig. 19-50). The fungus ball lay within a solitary cyst 
that was lined in part by well-differentiated squamous epithelium and in part by highly atypical 
epithelium from which the abnormal cells undoubtedly originated. There are few safeguards to 
prevent such errors occurring from time to time. 

Opportunistic Organisms as Contaminants 

Opportunistic fungi and certain other organisms are common contaminants in specimens of 
sputum, some because they are saprophytic inhabitants of the mouth and oropharynx and 
others derived from air or water during collection and processing. How very common they are 
was demonstrated by my colleague, Dr. M. B. Zaman, in an unpublished study of the sputum 
specimens obtained from men enrolled in the Early Lung Cancer study described in Chapter 20. 
Zaman examined the sputum specimens from 4,968 male cigarette smokers who were followed 
for 5 to 8 years with examinations of sputum cytology scheduled every 4 months. Ninety 
percent of the men had five or more sputum specimens examined. The most common 
organisms of interest were Actinomyces, Candida, and Aspergillus (Table 19-2); less commonly 
found organisms are listed in Table 19-3. Obviously, the mere presence of these organisms in 
sputum of a patient with or without symptoms of pulmonary disease is no guarantee that the 
organism is causative of infection. 



TABLE 19-2 OPPORTUNISTIC ORGANISMS COMMONLY FOUND IN SPUTUM 
SPECIMENS OF CIGARETTE-SMOKING MEN 

Organism in sputum No. men with opportunistic organisms 

With lung cancer (154) No lung cancer (4814) 

Actinomyces 145(94%) 4586(95%) 

Candida 61(40%) 1605(33%) 

Aspergillus 5(3%) 68(1.4%) 
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TABLE 19-3 FUNGI AND OTHER ORGANISMS UNCOMMONLY FOUND IN SPUTUM 
SPECIMENS OF 4,968 CLINICALLY WELL CIGARETTE-SMOKING MEN 


Organism 


No. men with organism in sputum 


Aspergillus 


73 


Mucor 


5 


Sporotrich 


1 


Geotrich 


2 


Alternaria 


11 


Algae 


8 


Unclassified 


11 


Total 


111 




PARASITES 




Amoebiasis 

Entamoeba histolytica was identified in sputum by Kenney et al (1975) in a case of 
amoebiasis involving the lung. The parasite was identified by its characteristic nucleus and 
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phagocytized erythrocytes (Fig. 19-51). Other usually saprophytic amoebae have been 
recovered in sputum and in BAL specimens from immunocompromised patients (Newsome et al, 

1992). 

Trichomoniasis 

Trichomonas buccalis (T. elongates) is a common inhabitant of the oral cavity in conditions 
of poor hygiene. Walton and Bacharach (1963) reported finding trichomonads in three 
specimens from the respiratory tract, but did not classify them further. It is not known whether 
the organisms were an oral contaminant. (See also a report by Osborne et al, 1984.) 

Trichomonads are described in detail in Chapter 10. 

Strongyloidiasis 

The larval form of the small nematode Strongyloides stercoralis (threadworm) penetrates 
the victim's skin and achieves wide circulation through the bloodstream before maturing and 
settling in the small intestine. Autoinfection by larvae produced in the intestine is common and 
accounts for the hyperinfective forms of this disease, usually under poor hygienic 
conditions and in the immunodeficient patient. The case described by Kenney and Webber 
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(1974) occurred in an immunocompetent person, but the 32 fatal cases described by Purtilo et 
al (1974) were in patients with a wide variety of disorders including malignant tumors, burns, 
radiation exposure, and other debilitating diseases in which the common denominator was 
reduced cell-mediated immunity. It must be emphasized that only two people in this group of 
patients had blood eosinophilia. 

Cytology 

There are several reports of cytologic diagnosis of strongyloidiasis in sputum, summarized by 
Johnston (1992). Examination of sputum may lead to early diagnosis and treatment of this 
potentially fatal disorder. In one striking example that we observed, the fresh sputum 
specimen was quivering due to movement of the filariform larvae in the case of a patient 
with hyperinfective disease (Fig. 19-52AB). The larvae have a worm-like configuration, with a 
thick, rounded forward end and a characteristic V-shaped notch at the sharply pointed tail 
end of the filiform. The noninfective rhabditiform larvae with cross striations of the body 
may also be recognized (Fig. 19-52C) (Humphreys and Hieger, 1979). 




Figure 19-51 Entamoeba histolytica. Cell block of sputum in a patient with intestinal 
amoebiasis and lung abscess. The organism may be identified by the characteristic round 
eccentric nucleus, with a central karyosome and finely granular nuclear material. (From 
Kenney M, et al. Amebiasis. Unusual location in lung. NY State J Med 75:1542-1543, 1975. 
© Medical School of the State of New York.) 



Ancylostoma Duodenale (Hookworm) 
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Acute superinfection with hookworm is uncommon, and hookworm larvae in sputum have not 
been reported to date. Avariety of filariform organisms not further identified but commonly 
present in drinking water may closely resemble them (see Fig. 19-18B,C). With knowledge of 
the clinical setting, there should be no difficulty in recognizing these as contaminants. 

Echinococcus 

Lung cysts caused by the larval form of the tapeworm Echinococcus granulosus or E. 
multilocularis (hydatid cysts) are endemic in Europe and Asia. Oztek et al (1997) found 
scolices of the tapeworm in Papanicolaou-stained sputum or bronchial washings/brushings from 
11 of 111 patients in Turkey with histologically proven hydatid cysts, and hooklets in specimens 
from 26 patients. The disease is being seen with increased frequency in the US. Allen and 
Fulmer (1972) reported identifying the scolex of the parasite with its characteristic 
hooklets in the sputum of a patient with the disease and two cases were reported by Tomb 
and Matossian (1976) (Fig. 19-53A). Acase diagnosed by FNA biopsy of lung was reported by 
Koss et al (1992). 

Giardia lamblia 

The presence of this gastrointestinal parasite in BAL fluid was reported by Stevens and 
Vermeire (1981). It is commonly found in biopsies of duodenum, and may be seen in cytologic 
specimens (see Chap. 24). 

Lung Flukes 

Paragonimus westermani is a common invader of the lung in parts of East Asia, namely in 
Korea, parts of China, Thailand, and Indonesia. The infection is acquired by eating uncooked, 
infected shellfish. The pulmonary lesions clinically resemble chronic tuberculosis and 
may form cavities that communicate with the bronchus. Generalized spread of the infection to 
other organs, including the brain, may occur and can be fatal. The parasite is identified by 
finding ova in the sputum, which is typically blood-tinged and contains many leukocytes, 
including eosinophils, and Charcot-Leyden crystals. The ova measure about 100 pm in 
their long axis, and have a thick, yellowish-brown, 
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oval shell with a more thickened, distinctly flattened end or operculum (Fig. 19-53B). 
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Figure 19-52 Strongyloides stercoralis. A Unstained sputum specimen from a 69-year- 
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old man with hyperinfection complicating lung cancer. The microfilaria were readily 
visualized in sputum that was literally quivering on the slide due to their vigorous 
movement. B. Stained specimen. One can just make out the blunt, rounded, forward end 
and bifid sharp tail. C. In another patient, the rhabditiform larvae were found in sputum (and 
in spinal fluid). Note the cross-striations. (B,C: H&E Stain.) 



Willie and Snyder (1977) reported finding the ova in bronchial washings, and McCallum (1975) 
in fluid from a lung cyst. Rangdaeng et al (1 992) identified the ova in a FNA of a lung abscess 
from a 19-year-old Nigerian woman with a history of prior treatment for lymphoma of the breast. 

Microfilariae 

Filariasis is a common disease in developing countries, but rare in the US and Europe. Avasthi 
et al (1991) reported a patient from India in whom the diagnosis of Bancroftian microfilariasis 
was made by FNA of the lung from a 25-year-old man who had coexisting pulmonary 
tuberculosis. See also reports by Anupindi et al (1993) and Walter et al (1983) describing 
various species of filariae in pulmonary material. 




Figure 19-53 A Echinococcus granulosus. Scolexwith hooklets in an FNA specimen 
that penetrated the right lower lobe of lung and entered a hydatid cyst of the liver. B. 
Paragonimus westermani ovum. (Case courtesy of Nancy Morse.) (A H&E stain; AB: 
High magnification.) 



Dirofiiariasis 

Dirofiiaria immitis, the dog heartworm, may be transmitted to humans by mosquitoes. The 
microfilaria are carried 
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through the venous circulation to the lung where they die, causing small peripheral infarcts 
and granulomas. Akaogi et al (1993) reported a case of pulmonary dirofiiariasis in which 
transbronchial brushing cytology yielded papillary bronchiolar epithelium with high 
nuclear/cytoplasmic ratio, macronucleoli and nuclear irregularity mimicking carcinoma. 

The organism was not identified. 

Microsporidia 

Intestinal microsporidiosis caused by tiny intracellular parasites of the Microsporidians 
family is an important cause of debilitating diarrhea and weight loss in immunodeficient AIDS 
patients (Weber et al, 1994). The organism rarely involves the lung and only a small number 
of such cases have been reported in patients with disseminated disease (Lanzafame et al, 
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1997; Scaglia et al, 1998; Schwartz et al, 1993). Remadi et al (1995) identified microsporidian 
spores, measuring about 1.5 pm, within macrophages in BAL specimens from an AIDS 
patient. The tiny spores are not easily seen in Papanicolaou-stained preparations, but may be 
visualized with a fluorescent mycology stain or by immunofluorescence antibody staining. 

OTHER BENIGN DISEASES AND CONDITIONS OF THE RESPIRATORY TRACT 

There are a few other conditions of the respiratory tract in which cytologic techniques may 
contribute to the diagnosis and treatment. 

Alveolar Proteinosis 

Pulmonary alveolar proteinosis, first described by Rosen et al in 1958, is now understood to be 
a disease of impaired macrophage function. The disease may be primary and idiopathic or 
secondary to infections, hematologic disorders, inhaled fumes, or inorganic dusts. In its most 
common acquired form, it is an autoimmune disorder caused by antibodies targeting cell surface 
receptors for granulocytemacrophage colony stimulating factor, which is expressed on alveolar 
macrophages. Most patients present with insidious onset of progressive exertional dyspnea and 
cough; the 5-year survival rate is about 75% with deaths due to respiratory failure or 
uncontrolled infection. Biopsies of the lung show preserved alveolar architecture with 
alveoli filled by phospholipid-rich proteinaceous material that ultimately blocks respiratory 
exchange and may lead to the death of the patient (Fig. 19-54A). 

There is good evidence that the material filling the alveoli is surfactant, probably due to 
defective removal by alveolar macrophages (Golde et al, 1976) rather than excess production 
by type II pneumocytes (see Trapnell et al, 2003, for a recent review). BAL has been the 
treatment of choice, and it provides symptomatic relief, improved physiologic and radiologic 
findings, and increased survival. 

Sputum of patients with pulmonary alveolar proteinosis has been studied by Carlson and 
Mason (1960), Burkhalter et al (1996), Mermolja et al (1994), and by the late Dr. M. Wilson Toll 
in our laboratories (unpublished data). The presence of chunks or globules of amorphous 
or fibrillar PAS-positive proteinaceous casts containing or associated with cellular debris, 
macrophages and inflammatory cells is suggestive of this disease in the proper clinical 
setting. It is not diagnostic, and Toll has pointed out that very similar material may be 
observed in sputum of patients with other chronic lung disorders (Fig. 19-54B). 

The diagnosis considered clinically can be confirmed by BAL (Martin et al, 1980). BAL 
specimens are opaque, muddy or milky in appearance. Smears and cell block sections contain 
granular, lipoproteinaceous, eosinophilic material that may be mistaken for mucus or casts of P. 
carinii. It is brightly stained in the PAS reaction, with or without diastase digestion, and 
contains large, foamy alveolar macrophages with PAS-positive cytoplasmic inclusions 
and a few inflammatory cells of other types. Surfactant proteins have been demonstrated by 
immunohistochemical stains (Wang etal, 1997; Schoch etal, 2002); and multilamellar 
osmiophilic bodies and tubular myelin, similar to condensed surfactant, have been 
demonstrated in the alveolar material by electron microscopy (Sosolik et al, 1998). 

Malakoplakia 

Malakoplakia is a rare enzymatic disorder of macrophages that have an impaired ability to 
process and digest coliform bacteria, which accumulate in lysosomes. The peculiar 
granulomas that characterize the disease are composed of epithelioid histiocytes with abundant 
cytoplasm that contains concentrically laminated bodies (Michaelis-Guttmann bodies), 

rich in calcium and iron, formed on enlarged lysosomes containing residual bacteria. The 
granulomas are located in the bronchial wall subjacent to the epithelium and may be identified 
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in bronchial brushings that disrupt the epithelium, releasing characteristic epithelioid 
macrophages with Michaelis-Guttmann bodies (Fig. 19-55C). Malakoplakia was first 
observed in the urinary bladder as umbilicated soft yellow plaques (from Greek, malakos = soft, 
hence, soft plaque). It is described in detail in Chapter 22. Two cases of bronchial malakoplakia 
that we encountered are illustrated in Figure 19-55. Schwartz et al (1990) and Shin et al (1999) 
reported cases diagnosed by transbronchial biopsy; and Sughayer et al (1997) and Lambert et 
al (1997) reported cases diagnosed by percutaneous FNA The causative organism in all these 
cases was Rhodococcus equi. 



Rheumatoid Granuloma 

Rheumatoid granulomas may occur in the lung and pleura. Although there is a classic cytologic 
presentation of rheumatoid pleurisy in effusions (see Chap. 25), only very limited information is 
available on the cytologic findings in sputum or bronchoalveolar specimens. Johnston and 
Frable (1979) described one patient in whom bronchial washings disclosed necrotic material 
and cells of uncertain derivation, possibly epithelioid macrophages. Kolarz et al (1993) reported 
that patients with rheumatoid arthritis had an increased number of activated (FILA-DR+) helper 
(CD4) lymphocytes in BAL specimens, which was most marked in patients with lung 
involvement. 
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Figure 19-54 Pulmonary alveolar proteinosis. A. Histologic section showing structurally 
intact alveoli filled with dense protein precipitate. There is very little cellular reaction. B. 
Protein cast, mimicking proteinosis. Proteinaceous material observed in a cell block of 
sputum (high magnification). There was no evidence of pulmonary proteinosis, which is a 
frequent finding. 
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Figure 19-55 Malakoplakia. A Subepithelial bronchial nodule composed of large 
epithelioid histiocytes with abundant eosinophilic cytoplasm. B. Careful inspection at higher 
magnification reveals Michaelis-Guttmann bodies within the cytoplasm of some epithelioid 
cells. C. Bronchial brush cytology specimen showing epithelioid cells with intracytoplasmic 
Michaelis-Guttmann bodies. D. Bronchial malakoplakia in a 15-year-old girl with congenital 
AIDS. A Gram stain showed the bacteria Rhodococcus equi within the epithelioid 
histiocytes. (A-C: Courtesy of Dr. Timothy Greaves, Los Angeles, CA.) 
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Gaucher’s Disease 

Gaucher's disease is a familial disorder of lipid metabolism, caused by a defective enzyme, 
glucocerebrosidase, resulting in an accumulation of faulty glucocerebrosides in various organs, 
mainly the liver, spleen, and bone marrow. The disease may be observed in infants, juveniles, 
or adults and is diagnosed by recognition of the characteristic large macrophages that store the 
cerebrocide. 

Gaucher's disease involving the lung was described by Schneider et al (1977) and diagnosed 
by aspiration biopsy of a pulmonary infiltrate by Johnston and Frable (1979). Carson et al 
(1994) identified Gaucher cells in a BAL specimen from a child. The characteristic Gaucher 
cells in this type of specimen resemble mononuclear pulmonary macrophages with 
small eccentric nuclei and abundant striated and finely vacuolated cytoplasm. An 
example of Gaucher cells is illustrated in Chapter 38. They may be superficially similar to the 
foam cells of lipid pneumonia but have striated and strongly PAS-positive cytoplasm (due 
to accumulated cerebroside), and numerous irregular lysosomes by electron microscopy. 

Inflammatory Pseudotumor (Sclerosing Hemangioma) 

These uncommon benign lesions form a well-delineated pulmonary mass that can mimic lung 
cancer on x-ray. They occur mainly in adolescents and young adults. There are several 
histologic variants: some of the lesions are composed predominantly of proliferating fibroblasts 
(benign fibrous histiocytoma type), and some predominantly of inflammatory cells, often with 
a dominant plasma cell component (plasmacytoma type). This diversity of histologic patterns 
resulted in a number of different names attached to these lesions, among which are sclerosing 
hemangioma, benign fibrous histiocytoma, plasmacytoma, and granulomatous 
inflammatory lesions. 
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Figure 19-56 Inflammatory pseudotumor. A,B. An FNAof a pseudotumor of lung in a 
40-year-old man demonstrates a mixed pattern of spindly fibroblasts, histiocytes, and 
variable numbers of plasma cells. The appearance is that of a chronic inflammatory 
process (high magnification). 



We have observed several examples of this lesion diagnosed by percutaneous lung aspiration 
(Koss et al, 1992). Smears of the aspirates from the benign fibrous histiocytoma type 
disclosed loosely structured bundles of slender fibroblasts and single, slender fusiform 
cells, accompanied by scattered inflammatory cells (Fig. 19-56A,B). In the plasmacellular 
type, the smears disclosed mainly plasma cells in company of macrophages and 
scattered fibroblasts. Somewhat similar observations were reported in a needle aspirate by 
Bakhos et al (1998), and in bronchial brushing cytology by Usuda et al (1990). In the bronchial 
wash specimen from a case presenting as an endobronchial polyp, Devouassoux-Shisheboran 
et al (2004) reported numerous clusters and sheets of small to medium, mononuclear cells with 
round or oval nuclei, dispersed chromatin, inconspicuous nucleoli, and scanty cyanophilic 
cytoplasm. Numerous foamy macrophages were also present. 



Follicular (Lymphocytic) Bronchitis 

Follicular bronchitis is uncommon and of unknown etiology, but presumably reflects a chronic 
inflammatory process. It is characterized by lymphoid deposits in the submucosa of the 
bronchi, similar to follicular cervicitis. 

Bronchial brushing may remove fragments of lymphoid tissue, and the resulting smear shows 
dense aggregates of lymphocytes of varying degrees of maturity (see Fig. 19-1 ID). 

Mitotic figures may be observed among follicle center cells. Similar clusters of lymphocytes may 
be dislodged from tonsillar tissue, and it may be difficult to exclude this possibility. The cytologic 
presentation is essentially that of follicular cervicitis (see Chap. 10). The differential 
diagnosis comprises small (oat) cell carcinoma, lymphoma and leukemia, none of which 
forms equally dense aggregates of lymphoid cells in a mixed pattern of immature and mature 
lymphocytic cells. 
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THERMAL INJURY 

Acute Thermal injury 

The effects of inhaling hot gases and smoke have been studied by Ambiavagar et al (1974) in 
burn victims. In severely burned patients, there was extensive necrosis (“burning”) of cells. The 
mucus aspirated from the respiratory tract of such patients was thick. There was marked 
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destruction of ciliated cells. In less severely burned patients, the abnormalities were less 
marked, and normal ciliated cells were present next to injured cells. The degree of cytologic 
damage correlated well with prognosis; patients with severe cellular damage either died or 
survived only with the greatest difficulty. Patients with relatively slight damage recovered. 

Mitochondrial calcification was noted in ciliated cells of burn patients by electron microscopy 
(Drut, 1998). 

Cooney et al (1972) reported abnormal squamous cells in the sputum of 36 burn patients 
admitted to a burn center. The cells were enlarged, polygonal, oval, or spindly, often 
multinucleated and provided with hyperchromatic nuclei. They probably represented atypical 
squamous metaplasia of bronchial lining. Evidence of viral pneumonitis (herpes and 
cytomegalovirus) and moniliasis were seen in five of those patients. 

Chronic Thermal Injury 

Ambiavagar et al (1974) followed a few burn patients by repeated cytologic sampling from the 
respiratory tract and reported an increase of squamous cells in specimens aspirated from the 
trachea and bronchi as the patients recovered. They suggested that squamous metaplasia 
was taking place in the injured tracheobronchial tree. We observed atypical squamous 
metaplasia of bronchial mucosa in sputum and bronchial brush specimens from 
firemen exposed to smoke inhalation; the lesion was reversible. 

TREATMENT EFFECTS 

Certain forms of therapy, especially radiation and cancer chemotherapy, may cause significant 
changes within the respiratory tract as in tissues of other organs, notably in the uterine cervix 
and urinary bladder (see Chaps. 18 and 22). The abnormalities of bronchial cells and 
pneumocytes type II observed after radiotherapy are similar to irradiation-induced atypias in 
other cell types. Both the squamous and respiratory epithelia may be greatly affected, and they 
may produce cells so abnormal as to suggest the presence of a malignant tumor. 

Radiation Therapy 
Squamous Epithelium 

Acute radiation changes may be observed in squamous cells in sputum for several 
weeks or months after completion of irradiation and care must be taken that they not 
be mistaken for residual squamous carcinoma. Much of this is due to the effect of 
irradiation on oropharyngeal epithelium, but metaplastic squamous mucosa of the 
tracheobronchial tree also may be affected. Radiation atypia has been observed not only as a 
result of direct irradiation, but also when the target of therapy is in the neck or thorax. The 
mechanism is unknown but likely due to scattering of the radiant energy from nearby target 
tissues (abscopal effect). Minimal cellular changes may persist for months or years after the 
acute effects regress. 

Cytology 

The radiation changes induced in squamous epithelium are not unlike those seen in the female 
genital tract (see Chap. 18). Of these, marked cellular enlargement associated with 
proportionate enlargement of the nucleus is of prime interest, because it may be mistaken for 
cancer. The enlarged nuclei of huge irradiated squamous cells are often wrinkled or 
wavy, and have a peculiar “empty” look with very finely granular chromatin (Fig. 19- 
57A). Other changes include multinucleation, prominent nucleoli (Fig. 19-57B), and 
nuclear or cytoplasmic vacuolization. Nuclear hyperchromasia with cytoplasmic 
keratinization may be indistinguishable from squamous carcinoma. Figure 19-57C shows 
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irradiation atypia simulating a squamous cancer pearl in sputum of a 20-year-old man following 
irradiation to the chest for metastatic choriocarcinoma. 

Chronic radiation effects may be seen for many months after completion of treatment. The 
squamous cells show slight irregularity and mild hyperchromasia of nuclei, and cytoplasmic 
eosinophilia (Fig. 1 9-57D). The diagnosis is made only with knowledge of the history of prior 
irradiation. 

Respiratory Epithelium 

The acute effects of irradiation on respiratory epithelium may occasionally result in nonspecific 
multinucleation of ciliated bronchial cells described earlier (see Fig. 19-19AB). However, 
the most characteristic effect, strongly suggestive of irradiation, is marked 
enlargement of all cellular components with preservation of the nucleocytoplasmic 
ratio. These otherwise well-formed large bronchial cells have prominent nuclei, and 
either enlarged nucleoli or several large chromatin granules (Fig. 19-58A). 

Multinucleation and intranuclear cytoplasmic inclusions or nuclear holes in the enlarged cells 
are very suggestive of irradiation effect (Fig. 19-58B). In extreme cases, bizarre cellular forms 
with cellular and nuclear enlargement may far exceed what is usually seen with carcinoma, and 
one should exercise great diagnostic caution even in the absence of a history of irradiation. In 
fact, the finding of very bizarre giant cells is more commonly caused by radiation than 
by the uncommon giant cell carcinoma. The history of irradiation warrants very careful 
search for remnants of the terminal bar or cilia, which may prevent an unwarranted diagnosis of 
cancer. 

Chronic Radiation injury 

Radiation-induced changes in the lung parenchyma progress with time following completion of 
treatment, and 



often appear clinically and histologically out of proportion to the irradiation administered. In 
histologic sections, the initial marked enlargement of bronchial epithelial cells is accompanied 
by bronchial metaplasia of alveoli and/or hyperplasia of pneumocytes type II with proliferation of 
interstitial fibroblasts and progressive interstitial fibrosis (Fig. 19-58C). The presence of a few 
irradiated bronchial cells may be the only evidence of pulmonary parenchymal irradiation in 
such cases (Fig. 19-58D). 
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Figure 19-57 Acute irradiation effect on squamous epithelium. A Sputum specimen 
from a young woman with Hodgkin's disease following irradiation to the neck and 
mediastinum. There is marked cellular and nuclear enlargement with loss of nuclear 
chromatin texture. This degree of cellular and nuclear enlargement is virtually 
pathognomonic of acute irradiation effect. The cell may be of oral mucosal origin and 
presumably was irradiated by scattering of the radiation beam. B. Cellular enlargement, 
multinucleation, nuclear vacuolization, and prominent chromocenters or nucleoli. C. Sputum 
specimen from a 20-year-old patient after irradiation to the lung for metastatic 
choriocarcinoma. This keratinized squamous pearl is indistinguishable from squamous 
carcinoma. D. Late irradiation effect on squamous epithelium: The cytologic pattern is 
nonspecific, and interpretation is based on clinical correlation with the known history of 
prior irradiation. There is cytoplasmic eosinophilia and slight nuclear enlargement with 
hyperchromasia. Note the strong similarity to radiation-induced atrophy and atypia in 
cervicovaginal smears. (C: oil immersion.) 



With the passage of time, there is progressive diffuse interstitial pulmonary fibrosis 

associated with metaplastic changes within the alveolar and bronchial lining epithelia. 
Enlargement of pneumocytes type II and squamous metaplasia are the dominant epithelial 
abnormalities. 

Cytology 

The late irradiation effects in sputum and bronchial brush specimens vary from minimal 
nonspecific atypias and squamous metaplasia, as is often seen in the absence of irradiation 
(see Fig. 19-23), to less common extreme degrees of atypical squamous metaplasia. In 
this latter instance, the cells of bronchial origin may show marked cytoplasmic 
eosinophilia, distortion of cell shapes, and nuclear hyperchromasia or pyknosis, 
combining to create a cytologic image mimicking epidermoid cancer. The exfoliated 
cells are sometimes arranged in strips, consistent with origin in the bronchial epithelium. 

Carcinoma Versus Radiation Effect 

From time to time, the cytopathologist may be called upon to determine whether or not there 
is residual viable carcinoma in patients undergoing irradiation for lung cancer. Acute 
radiation pneumonitis is accompanied by pulmonary edema, desquamation of a great many 
degenerated bronchoalveolar epithelial cells, much necrosis, strands of smeared nuclear 
material, and an accumulation of leukocytes. In this material, it is nearly impossible to exclude 
the 



presence of rare cancer cells. Equally difficult in some cases, as noted above, is the differential 
diagnosis between marked radiation-induced atypical metaplasia and cancer, particularly when 
recurrence of irradiated squamous carcinoma is anticipated. A good rule is to not make the 
diagnosis of cancer unless cancer cells not affected by irradiation are clearly identified 
at least 6 weeks after completing treatment. That is usually the case if there is viable 
residual or recurrent carcinoma. The history of radiation should caution against the cytologic 
diagnosis of cancer on less-thancertain evidence. 
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Figure 19-58 Acute irradiation effect on bronchial epithelium. A Marked enlargement 
of bronchial cell with proportional enlargement of nucleus after 6,000 rad irradiation. B. 
Cellular enlargement, multinucleation, nuclear vacuolization and loss of chromatin 
structure. Cilia may be retained (oil immersion). Late irradiation effect on lung. C. 
Interstitial fibrosis is a late effect of irradiation, with hypertrophic alveolar epithelium and 
prominent nuclei in alveolar and stromal cells. D. Marked nuclear enlargement and 
hyperchromatic in a patient treated for lung cancer. 



Chemotherapy 

Chemotherapy-induced histologic abnormalities of the bronchial epithelium were first reported 
by Weston and Guin in 1955, in children undergoing leukemia treatment. They observed 
nuclear abnormalities such as enlargement and hyperchromasia in normal epithelia. Similar 
histologic abnormalities have been noted in adult patients receiving chemotherapy, especially 
alkylating agents. 

Busulfan 

Busulfan (Myleran), an alkylating agent used for treating chronic myelogenous leukemia, is 
discussed in Chapter 18. It is capable of inducing severe alterations in bronchial and alveolar 
epithelium, and in interstitial tissues of the lung (for summary of pertinent early literature, see 
Koss et al, 1965; Feingold and Koss, 1969). The pulmonary abnormalities received the name of 
busulfan lung (Heard and Cooke, 1968). Clinically, these patients are dyspneic because of 
interstitial pulmonary fibrosis that radiologically may mimic diffuse, lymphangitic spread of 
carcinoma. 

Very large cells with correspondingly large, hyperchromatic or sometimes vesicular 
nuclei are seen in histologic sections of the bronchial epithelium (Fig. 19-59A), 
bronchioles and alveoli (Fig. 19-59B), and are found in sputum (Figs. 19-59C) and 
bronchial brush (Fig. 19-59D) specimens. The most severely damaged, abnormal cells are 
pneumocytes type II. 

In the case of busulfan-induced atypias of the respiratory tract, as with drug-induced changes 
in the uterine cervix, the differential diagnosis with cancer may present a significant challenge. 
There is increasing evidence, as discussed in Chapter 18, that the changes induced by some 
of the alkylating agents are carcinogenic. 
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A case is on record of bronchogenic adenocarcinoma occurring in a patient receiving long-term 
busulfan therapy (Min and Gyorkey, 1968). Another such case seen by one 
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of us (LGK) was that of a 69-year-old man with chronic myelogenous leukemia who had been 
receiving busulfan therapy (4 mg/day) for 2 years. He developed severe dyspnea, suggestive 
of acute busulfan lung. His sputum contained a moderate number of abnormal squamous cells 
suggestive of busulfan effect and other cells that were highly suggestive of carcinoma. This 
patient's chest radiograph showed only diffuse fibrosis with no localizing lesion, and he was not 
treated. At autopsy, a small, poorly differentiated squamous carcinoma was found in a busulfan 
lung. It should be noted that busulfan is often administered to patients prior to bone 
marrow transplant and may account for cellular abnormalities seen in some of those patients. 

Other changes caused by busulfan are described in Chapters 18 and 22. 













Figure 19-59 Busulfan (Myleran) treatment effect. A. Drug-induced atypia of bronchial 
epithelium in a patient treated for chronic myelogenous leukemia. The epithelium is 
disorderly, nuclei are enlarged and vesicular or hyperchromatic. B. Atypia of bronchiolar 
epithelium. Busulfan-induced atypia mimicking carcinoma in sputum (C1,C2) and bronchial 
brushing ( D ). 



Bleomycin 

Bleomycin, an antibiotic with antineoplastic properties, has been used for several years in 
treating testicular tumors and squamous carcinomas of various organs. The drug induces 
keratinization and death of squamous cancer cells, which in turn, induces formation of 
multinucleated macrophages that phagocytize keratin (Burkhardt et al, 1976). The 
principal effect of the drug on the lung is the development of an interstitial pneumonia and 
interstitial fibrosis (Luna et al, 1972) that is similar to busulfan lung except that cellular 
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abnormalities are minimal (Fig. 19-60A). Extensive squamous metaplasia of the bronchial 
lining is observed on occasion, and significant cytologic atypia has been observed when 
bleomycin is used in conjunction with other drugs in combination chemotherapy (Fig. 19-60B). 

P.631 

Of interest, the interstitial fibrosis of Hamman-Rich syndrome also was associated with 
epithelial atypias in a report by Kern (1965) who classified cells as “suspicious” in 2 of 11 such 
patients. 




Figure 19-60 Bleomycin effect. A Bleomycin treatment of lymphoma resulted in 
interstitial pulmonary fibrosis with only minimal alveolar epithelial hyperplasia. B. In 
combination with Chloromycetin, Bleomycin caused marked atypia of bronchial epithelium 
in a brush specimen. 



Cyclophosphamide 

Cyclophosphamide (Cytoxan), an alkylating agent widely used in treatment of neoplastic 
disease, is noted primarily for its effect on urothelium of the bladder (see Chap. 22). It may 
cause significant atypias of bronchial and alveolar epithelium as well. Figure 19-61 A shows 
metaplasia and atypia of bronchoalveolar epithelium attributed to cyclophosphamide treatment 
in a woman with breast cancer. Bronchial cell atypia in a bronchial brush specimen of another 
patient receiving Cytoxan is shown in Figure 19-61B,C. 

We observed diffuse pulmonary fibrosis in a patient receiving cyclophosphamide in large 
doses for 3 years. Several additional cases of this type have been recorded, summarized in 
early reports by Patel et al (1976) and Mark et al (1978). 

A case report of pulmonary fibrosis and busulfan-like syndrome caused by chlorambucil 
(Leukeran) was described by Rose (1975). Cole et al (1978) reported alveolar lining cell 
dysplasia as well as interstitial pulmonary fibrosis in a patient who was treated with 
chlorambucil for polycythemia vera. Wada et al (1968) observed a statistically significant 
increase in lung cancer among workers engaged in the manufacture of mustard gas, 
which is closely related to nitrogen mustard, the prototype of all chemotherapeutic alkylating 
agents including cyclophosphamide and chlorambucil. 

Methotrexate 

This drug acts by inhibition of the enzyme folic acid reductase and is extensively used in the 
treatment of various neoplastic diseases including choriocarcinoma and certain leukemias. 
It has also been used in the treatment of patients with psoriasis, rheumatoid arthritis, and 
other benign disorders. The drug causes liver abnormalities and occasionally pulmonary 
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complications (Clarysse et al, 1969) in the form of interstitial pneumonias and apparently 
granulomas (Filip et al, 1971). Van der Veen et al (1995) described two fatal cases of 
pulmonary fibrosis in aged patients after low-dose methotrexate therapy for rheumatoid 
arthritis. Postmortem examination disclosed extensive pulmonary fibrosis, obliterative 
bronchiolitis and hyperplasia of type II pneumocytes. There are no known cytologic studies of 
these patients. 

Carmustine (bis-Ch/oroethy /nitrosourea [BCNU]) 

Nitrosoureas are a group of anticancer chemotherapeutic agents used extensively in the 
therapy of many malignant tumors including leukemias, lymphomas, melanomas, Ewing's tumor, 
various carcinomas, and brain tumors. Fatal interstitial pulmonary fibrosis has been reported by 
Holoyeet al (1976). 

One of our patients who died apparently as a consequence of chemotherapy for a brain 
tumor had cytologic abnormalities in what we now believe to be reactive type II 
pneumocytes that were a perfect mimic of adenocarcinoma (Fig. 19-62 A, B), including 
cells in mitosis (Fig. 19-62C). The patient, whose death was attributed to viral pneumonia, 
had been treated with the chemotherapeutic drug, carmustine (BCNU). At autopsy, there was 
no evidence of tumor in the lung. There was interstitial pulmonary fibrosis and cell gigantism 
(Fig. 19-62D) that was first thought to represent drug effect but later attributed to viral 
pneumonia. It was probably due to the combined effect of the chemotherapeutic drug and viral 
infection. Additional 
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experience is still required to ascertain the precise effects of this drug on the cytology of the 
lung. 




C 



Figure 19-61 Cyclophosphamide (Cytoxan) effect. A Histologic section of lung from a 
woman who had been receiving cyclophosphamide treatment for breast cancer and 
developed respiratory symptoms. There was atypical bronchial metaplasia of terminal 
bronchioles and alveolar epithelium. She did not have lung metastases. B,C. Bronchial 
brush cytology specimens from another patient on long-term cyclophosphamide treatment 
showing nuclear enlargement with prominent chromocenters and small nucleoli in bronchial 
cells. 
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Combination Chemotherapy 

Single-drug chemotherapy is now the exception rather than the rule, increasing the likelihood of 
drug-induced cytologic atypias. Examples of bronchial cell abnormalities in a BAL specimen 
from a 22-year-old man on multidrug therapy for acute lymphocytic leukemia is illustrated in 
Figure 19-63AB, and in squamous cells in sputum from another patient with Hodgkin's disease 
in Figure 19-63C. Bronchial epithelial atypia in a child on multidrug therapy for leukemia is 
shown in Figure 19-63 D. Complete and accurate clinical information is increasingly important in 
the interpretation of cytologic specimens. 

Amiodarone 

Amiodarone is representative of a new class of very potent antiarrhythmic drugs used to treat 
cardiac arrhythmias. The drug, taken over a number of years in large doses, may cause a 
variety of toxic effects involving a number of organs such as the skin, thyroid, liver, bone 
marrow, and others. In a certain proportion of patients, lung lesions may develop. The 
frequency of lung disease has been significantly reduced with lower doses of the drug, 
averaging 200 mg daily. 

The clinical manifestations of pulmonary toxicity include progressive dyspnea and cough. 

A pleural effusion may occasionally be observed (Stein et al, 1987). Roentgenologic findings 
are bilateral pulmonary infiltrates, initially affecting mainly the lower lung lobes. The basic 
injury from the drug appears to be an accumulation of phospholipids in the cytoplasm 
of macrophages. The appearance has suggested a drug-induced storage disease. Large 
mono- and multinucleated macrophages with finely vacuolated, foamy cytoplasm are 
characteristic of this disorder and have been described in BAL or in pleural fluid (Martin 
et al, 1985; Stein et al, 1987; Mermolja et al, 1994; Bedrossian et al, 1997) (Fig. 19-64). Stein et 
al (1987) stressed the similarity of the foamy macrophages to cells in lipid pneumonia. 
Osmiophilic lamellar inclusion bodies were observed in lysosomes by electron microscopy 
(Colgan et al, 1984; Dake et al, 1985), corresponding to foamy inclusions in alveolar 
macrophages by light microscopy (Israel-Biet et al, 1987; Myers et al, 1987; Bedrossian et al, 

1997). Reactive hyperplasia and damage to type II pneumocytes, a massive 
accumulation of large alveolar macrophages, and interstitial fibrosis have been reported 
(Colgan et al, 1984). 

Amiodarone lung must be differentiated from other disorders with similar clinical and 
roentgenologic presentation; the diagnosis requires correlation of clinical and roentgenologic 
data. Because BAL is safer than open lung biopsy for seriously ill patients, it is the preferred 
diagnostic procedure 
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to identify abnormal macrophages. Whether induced sputum may be equally effective has not 
been tested. 
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Figure 19-62 BCNU. Probable effects of carmustine (bis-chloroethylnitrosourea, BCNU) 
and viral pneumonia. Bronchopulmonary cytology and lung tissue at autopsy of a 29-year- 
old man with an astrocytoma treated by irradiation to the brain and systemic chemotherapy 
with BCNU. The patient died of respiratory failure after a febrile illness of 2 weeks' 
duration. A Round papillary cluster of cells with prominent nucleoli. B. Asingle, very large 
cell with prominent nucleolus. C. Cell in telophase of miosis. D. Autopsy sections of lung 
showed interstitial fibrosis and scattered cells with giant nuclei, probably a drug effect. 
Alveoli were lined by prominent type II pneumocytes, and in this illustration, a syncytium of 
desquamated atypical pneumocytes with prominent nucleoli are seen within an alveolus. 



Organ Transplantation 
Bone Marrow Transplantation 

Autologous and allogeneic bone marrow transplants are used to protect the hematopoietic 
system of the patient from the effects of high-dose chemotherapy and sometimes total 
body irradiation. This approach is used in the treatment of patients with systemic cancer, 
most commonly patients with lymphoma, leukemia and, until recently, for metastatic breast 
cancer. The transplant recipients are severely immunosuppressed by their drug treatment 
and are susceptible to opportunistic infections. Lobenthal and Hajdu (1990) described their 
findings in various cytologic specimens that included cerebrospinal fluid and respiratory tract 
samples from 328 patients receiving bone marrow transplants, mainly for treatment of 
leukemias. Sputum, bronchial washing and BAL specimens of 92 patients were examined. 

Their principal observations were marked enlargement and nuclear hyperchromasia of 
epithelial cells, presumably pneumocytes type II, attributed to total body irradiation. In several 
patients, P. carinii and cytomegalovirus infections were observed. The investigators were 
not successful in predicting recurrent leukemia in these patients based on cytologic changes. 

Abu-Farsakh et al (1995) studied the BAL specimens from 77 recipients of bone marrow 
transplants who developed pulmonary symptoms or lung infiltrates on chest x-ray. The purpose 
of the study was to determine whether cytologic findings in BAL were of prognostic value. 
Bizarre epithelial cell changes were observed in specimens from 14 patients, some of which 
affected pneumocytes type II. These cells had markedly enlarged, hyperchromatic nuclei that 
were similar to the nuclear changes observed in atypical pneumonias, interstitial pulmonary 
fibrosis, or busulfan lung (see above). Also of note was the presence of 36 nonbacterial 
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infections, 14 caused by fungi, mainly Aspergillus, and 19 that were viral (14 with 
cytomegalovirus and 5 with herpes simplex). In this series, there were three statistically 
significant indicators of a poor prognosis: (1) low lymphocyte counts (<5/hpf); (2) presence 
of hemosiderin laden macrophages; and (3) opportunistic viral or fungal infections. 
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Figure 19-63 Atypia induced by combination chemotherapy. A,B. BAL cytology from a 
22-year-old man under treatment for acute lymphocytic leukemia, showing enlarged and 
atypical columnar cells (/l) and goblet cells ( B ). C. Squamous pearl perfectly mimicking 
squamous carcinoma in bronchial irrigation cytology of a young woman with Hodgkin's 
disease. She was treated with Velban, Leukeran, and radiotherapy. D. Chemotherapy- 
induced bronchial epithelial atypia in a child with acute leukemia. (A-C: High 
magnification.) 



Lung Transplantation 

Selvaggi (1992) reported her observations on six patients receiving lung transplantation. BAL 
specimens were used to monitor the rejection of the transplanted organs. The principal 
cytologic findings included hyperplasia of pneumocytes type II and the presence of 
inflammatory cells. Cytomegalovirus and Candida species infections were each observed in 
one patient. When compared with concurrent lung biopsies, cytologic studies were a poor 
predictor of organ rejection. 

NEONATAL LUNG DISEASE 

Bronchopulmonary Dysplasia of Newborns 

Northway and Rosan (1969) define bronchopulmonary dysplasia as a disorder of the 
respiratory tract occurring in neonates with respiratory distress syndrome, treated with 
intermittent positive-pressure respirators and high oxygen concentration for more than 6 days. 
The high oxygen pressure induces pulmonary injury, which can be monitored by radiographic 
and cytologic examination of pulmonary secretions. Northway and Rosan identified four stages 
of bronchopulmonary dysplasia that can be described as follows: 

■ Stage I of oxygen toxicity (1 to 3 days of age) is characterized by bronchial epithelial 
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necrosis. The chest radiograph shows fine granular densities, and the cytologic 
examination of aspirated secretions shows excessive shedding of normal bronchial 
cells. 

■ Stage II (4 to 10 days of age) is characterized by nearly complete opacification of both 
lungs. Cytologic examination shows loss of ciliated respiratory cells. Abnormal, 
bizarre cell forms appear toward the end of this stage, indicating progressive necrosis and 
the beginning of epithelial regeneration. This stage of disease still responds favorably to 
withdrawn or reduced oxygen therapy. 

■ Stage III (10 to 20 days of age) is a period of cellular atypia and transition to chronic 
disease. Radiographic examination shows areas of radiolucency in the previously completely 
opacified lungs. Cytologic specimens show squamous metaplasia and mitotic activity 
suggestive of healing of the denuded epithelial areas (D'Ablang et al, 1975). There is an 
increase in thick and viscid mucus secretions. 
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■ Stage IV represents irreparable, chronic lung disease. The cytologic findings in this 
stage of the disease show progressive squamous metaplasia and atypia, probably of 
pneumocytes type II. At autopsy, the lungs show squamous metaplasia of bronchial lining, 
marked interstitial fibrosis, and emphysema. D'Ablang et al confirmed the above findings in a 
major study, and suggested that careful monitoring by x-ray examination and cytology could 
identify the high-risk infants (Fig. 19-65). 



1078/3276 



Koss' Diagnoses- Crj/telbg^A Rfe^BtetpaJhIi1aglidrBteis3Ait3§yinfelof Cancer: Conventional and Aspiration Cytology 




Figure 19-64 Am iodarone lung, BAL. A. The presence of numerous alveolar 
macrophages with abundant vacuolated cytoplasm characterizes this disorder (high 
magnification). B. Higher-power magnification of the macrophages, some of which are 
binucleated (inset). Note the unusual configuration of the vacuolated cytoplasm. Asingle 
bronchial cell in the field also shows a cytoplasmic vacuole. C. Electron micrograph of one 
of the lavaged macrophages showing very numerous cytoplasmic lamellar inclusions, 
resembling fingerprints, reflecting accumulation of lipids. (Courtesy of Dr. G. S. Zaatari, 
Dallas, TX. From Stein B, et al. Amiodarone pulmonary toxicity: clinical, cytologic, and 
ultrastructural findings. Acta Cytol 31:357-361, 1987.) ( B : oil immersion; C: * 11,000.) 



Other Pulmonary Disorders in Neonates 

Doshi et al (1982) reported on the value of tracheal aspiration cytology in a number of 
pulmonary disorders other 
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than bronchopulmonary dysplasia. Thus, hyaline membrane disease, pneumonia, amniotic 
fluid, meconium aspiration, and pulmonary hemorrhage were described. Of note was the 
finding of massive desquamation of bronchial cells, ciliocytophthoria and fragments of 
hyaline membranes in hyaline membrane disease. Meconium aspiration was 
characterized by the presence of fragmented squames and coarse cellular debris. 
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Anucleated squames were the dominant cytologic finding in amniotic fluid aspiration (see 
Chap. 27). 
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Figure 19-65 Cytologic manifestations of bronchopulmonary dysplasia of newborns in 
aspirated bronchial secretions. A,B. Stage II: respiratory columnar cells with loss of cilia 
(. A ); cohesive clusters of deep bronchial epithelial cells ( B ). C,D. Stage III: atypical cells of 
bronchial epithelial origin (C); some cells with mitotic activity ( D ). The findings correspond 
to regeneration of bronchial epithelial lining. E,F. Stages III and IV: squamous metaplasia of 
bronchial lining (E); bizarre squamous cells ( F ). These findings correspond to replacement 
of bronchial epithelium by atypical squamous metaplasia, evidence of irreversible 
pulmonary damage. (A-F: High magnification.) (From D'Ablaing G, et al. Neonatal 
pulmonary cytology and bronchopulmonary dysplasia. Acta Cytol 19:21-27, 1975.) 
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At the onset of the 21st century, cancer of the lung remains the most common cause of cancer 
deaths in men and women alike, as it has been for many years (Landis et al, 1999). The link 
between lung cancer and cigarette smoking was emphasized half a century ago by Wynder and 
Graham (1950) and became officially recognized in 1957 when the Surgeon General of the 
United States, Leroy E. Burney, issued a statement declaring, “Excessive smoking is one of the 
causative factors in lung cancer.” This was followed by a Public Health Service Monograph, 
“Smoking and Health” published in 1964 (PHS monograph 1103) that exhaustively reviewed the 
health effects of cigarette smoking and clearly established the relationship between cigarette 
smoking and lung cancer. It may be assumed that a subsequent decrease in cigarette smoking 
accounts for the recent modest drop in the incidence and deaths from this disease in the US. 
The relationship between cigarette smoking and lung cancer is complex, however, and 
individuals differ in their susceptibility to the carcinogenic effects of cigarette smoking and 
probably other environmental agents (Spitz, 1999); the challenge of the future will be to identify 
those who are constitutionally at risk. 

Lung cancer is also an occupational disease. The earliest recorded cases of occupational lung 
cancer, first recognized in 1879, were among the Schneeberg and Joachimstal miners of 
Czechoslovakia who were exposed to radon gas in material known as Pitchblende, from which 
Pierre and Marie Curie extracted and isolated radium. In the US, lung cancer in Colorado 
uranium miners has been attributed to radiation (Archer et al, 1974; Saccomanno et al, 1988). 
Arsenic, long known to produce cutaneous hyperkeratoses, is now also recognized as a cause 
of lung cancer. At least 12 substances found in the workplace are considered to be lung 
carcinogens in humans, and 5% of lung cancers in the US have been attributed to occupational 
exposure (Doll and Peto, 1981). The industrial agents reported to cause lung cancer include 
chloromethyl ether, mustard gas, polycyclic aromatic hydrocarbons, crystalline silica, nickel, 
chromium, beryllium, cadmium, and asbestos, the last in association with cigarette smoking 
(Braun and Truant, 1958; Cordova et al, 1962; Talcott et al, 1989; Rosenman and Stanbury, 
1996; Steenland et al, 1996; Beckett, 2000). Of these, asbestos is of particular interest to the 
cytopathologist because these fibers can be identified in specimens of sputum (see Chap. 19). 
Asbestos fibers may be observed in sputum simultaneously with cancer cells, as was first 
demonstrated by An and Koprowska in 1962. For a comprehensive review of the pathology of 
asbestos associated diseases, see Roggli et al, 1992. 

Finally, human papillomavirus (HPV) has been implicated in the pathogenesis of squamous lung 
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cancer. Syrjanen et al (1989) reported finding HPV types 6 and 16 in 9 of 131 squamous lung 
cancers. On the other hand, Stremlau et al (1985) hybridized tissue from 24 lung tumor biopsies 
with 10 different HPV types and found only 1 carcinoma with HPV (type 16). The latter occurred 
in a woman with a history of treated cervical carcinoma and the lung tumor may have 
represented metastatic cancer. Thus, the evidence that HPV has a role in carcinogenesis of 
the lung is unconfirmed. See also comments on the role of HPV in cervical cancer (Chap. 

11), lesions of the oral cavity and larynx (Chap. 21), and the esophagus (Chap. 24). 

The relative frequency of the histologic subtypes of lung cancer in the US has changed 
dramatically over the last several decades (Vincent et al, 1977; Johnston, 1988; Devesa et al, 

1991; Sobue et al, 1999). Squamous cancers, which were predominant in the 1950s and 
1960s, now account for no more than 30% of cases. At the same time, peripheral 
adenocarcinomas of the lung have increased in frequency and are now the most 
common type of lung cancer in the US. The reason for this is unknown but has been 
attributed to changes in the manufacture of cigarettes, the use of filter tips, or the possible 
effects of other environmental cofactors. As a result, sputum cytology, which best detects 
early squamous carcinomas, is less useful as a screening tool now than in prior years. 

On the other hand, percutaneous aspiration of peripheral lung lesions has become 
increasingly important in early diagnosis of small peripheral carcinomas, even as tiny as 
2 to 5 mm, and may prove of value in assessing lesions found by high-resolution spiral or 
helical computed tomography (CT) (Henschke et al, 1999). 

Surgery remains the treatment of choice for all but small-cell lung cancer; even with recent 
advances in chemotherapy and radiotherapy, the best opportunity for long-term survival 
and cure of lung cancer lies in early diagnosis and surgical resection. A major feasibility 
study of early lung cancer detection, encompassing over 30,000 cigarette-smoking men who 
were followed for 5 to 8 years (Berlin et al, 1984; Flehinger et al, 1984; Fontana et al, 1984; 

Frost et al, 1984) has now been concluded (Melamed et al, 1984; Melamed and Flehinger, 

1987; Flehinger et al, 1988; Melamed, 2000) and is summarized below. The results of this study 
failed to show a decrease in death rates from lung cancer, leading the American Cancer 
Society and other influential agencies to recommend against screening for lung 
cancer. Chest x-rays and sputum cytology were considered to be diagnostic tools for 
symptomatic patients only. Because symptomatic lung cancer is usually advanced 
lung cancer, however, the opportunity for early diagnosis and cure is lost. In a recent 
evaluation of the statistical basis for this recommendation, Dempster (1998) concluded that the 
study data “strongly support a finding 
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of benefit from routine screening of high-risk populations.” Flehinger and Kimmel (1987) 
have estimated that annual radiographic screening alone would decrease mortality from 
adenocarcinoma of the lung by up to 18%. The results of extensive Japanese lung cancer 
studies also suggest that surgical removal of very small adenocarcinomas, discovered by the 
new methods of CT, can improve the cure rate significantly (Noguchi et al, 1995). 

Ongoing studies of lung cancer detection, using spiral CT (spiral or helical CT), known as the 
Early Lung Cancer Action Project (ELCAP), summarized later in this chapter, may yet modify 
future recommendations regarding screening for lung cancer (Henschke, 2000). This project, if 
successful, is likely to pose new challenges for interpretation of cytology of sputum, bronchial 
brushes, bronchoalveolar lavage, and particularly transbronchial and percutaneous needle 
aspirates. 
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It must be emphasized that cytology is a method of choice in the diagnosis of 
radiologically detected lung lesions suspected of being malignant. Thus, it is appropriate 
to analyze briefly the existing methods of diagnosis of lung cancer with attention to the role of 
cytology. 

METHODS OF DIAGNOSIS OF LUNG CANCER 

Asymptomatic Population 

The original approach to the detection and diagnosis of early lung cancer in asymptomatic, 
high-risk individuals was based on an examination of conventional chest roentgenograms and 
sputum cytology. At present, spontaneously produced or artificially induced sputum only rarely 
leads to the discovery of an occult lung cancer (see below). Most early (small) lung cancers in 
asymptomatic individuals are incidental findings on routine chest roentgenograms, and 
increasingly sophisticated imaging techniques such as spiral CT are now proposed to screen 
for the very earliest, potentially curable cancers. Whether these techniques will lead to earlier 
diagnosis and more successful treatment of lung cancer is the subject of ongoing studies. 

Symptomatic Population 
Roentgenologic Techniques 

For patients with symptoms of cough, hemoptysis or chest pain and radiologic abnormalities, 
whether or not suggestive of lung cancer, there are several avenues of further investigation. 
Conventional and high-resolution CT may help clarify the nature of a suspicious lesion or 
narrow the diagnostic possibilities. More specific diagnosis requires morphologic examination 
and analysis by cytologic techniques or by biopsy. 

Cytologic Techniques 

Cytologic examination of sputum, bronchial secretions, and aspirates has a dual purpose: 

■ To determine the presence of tumor 

■ To classify the tumor as accurately as possible according to predominant histologic 
type. This task is of considerable importance, since it may influence the mode of treatment 
in individual cases. The identification of small-cell carcinoma (SSC) versus all other 
(non-SSC) types is of primary importance. 

In competent hands and with experience, cytologic procedures serve to render the diagnosis of 
lung cancer with precision, speed, and accuracy equal to or even superior to other techniques. 

The benefits of cytologic methods are substantial, as they often offer the option of treatment 
planning without the need for an open biopsy. It should be emphasized, however, that the 
interpretation of cytologic findings must always be made in the context of clinical 
findings, since certain benign processes can induce cellular changes that mimic a malignant 
neoplasm (see Chap. 19). 

Sputum 

Sputum cytology is the oldest and simplest of these diagnostic procedures and is readily 
available to every medical practitioner (summary in Wandall, 1944). It can provide a diagnosis 
in about 80% of primary lung carcinomas, depending on tumor type and stage. As already 
noted, cytology of sputum is most effective in the diagnosis of squamous carcinomas of the 
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lung, although other types of cancer can be recognized and diagnosed as well. Sputum 
cytology also may provide a substrate to search for diagnostic molecular markers of lung 
cancer (Tockman et al, 1997; Ahrendt et al, 1999). 

Bronchial Brushings and Washings 

Samples obtained by the fiberoptic bronchoscope also are very effective in the diagnosis and 
differential diagnosis of cancer. Brush specimens, obtained directly from the suspect lesion, 
often provide an excellent sample and exact information on the location of the disease. 

The rigid bronchoscope, now seldom used, limits examination to the mainstem, lobar, and lower 
lobe segmental bronchi. 

Bronchoaiveoiar Lavage (BAL) 

This technique was discussed in detail in Chapter 19. With increasing incidence of peripheral 
adenocarcinomas, BAL has begun to play a more important role in the diagnosis of lung 
cancer. Initial reports of lung cancer diagnosed by BAL (Springmeyer et al, 1983; Lindner et al, 

1987) were supported by a recent study in which BAL was positive for malignant cells in 14 of 
30 patients with endoscopically invisible tumors, whereas transbronchial biopsy was positive in 
only 5 of those patients (Wongsurakiat et al, 1998). The technique was also very effective 
in the diagnosis of lymphangitic carcinomatosis caused by metastatic cancer (Levy et 
al, 1988), but not as useful for other metastatic cancer. As ever-smaller lesions of the lung are 
detected by spiral CT, whether used as a diagnostic or screening tool, BAL will come under 
further evaluation (Sone et al, 1998; Henschke et al, 1999). BAL specimens may also be 
used for molecular analyses in the search for diagnostic or prognostic markers 
(Tockman, 2000). 
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Percutaneous Fine-Needle Aspiration Biopsy (FNA) 

This method, performed under radiologic guidance, was described in Chapter 19, with a 
discussion of potential complications. It has been recognized since the 1970s as a critically 
important diagnostic technique (Koss et al, 1992), and is particularly valuable in the diagnosis 
of space-occupying lesions located in the periphery of the lung and in the mediastinum. The 
technique is used with increasing frequency to investigate pulmonary infiltrates as well as more 
discrete masses in the lung. 

Transbronchial FNA Biopsy 

Transbronchial FNA biopsy (TBFNA) is performed during fiberoptic bronchoscopy for diagnosis 
of tumor masses located outside the bronchial lumen. In early reviews of this procedure 
(Schenk et al, 1987; Gay et al, 1989), the method was found to be useful in selected cases of 
primary and metastatic cancer. It is also of potential value in the recognition and diagnosis of 
inflammatory disease and certain benign mediastinal or parabronchial masses. 

Cell Block Technique 

Given an adequate specimen, a selected portion of the sputum, bronchial brush specimen or 
needle aspirate may be fixed, embedded in paraffin and processed by histologic techniques to 
supplement the cytologic examination. Cell block sections provide the advantage of a 
microbiopsy, and are highly recommended for examination of any specimen in which 
tiny tissue fragments are present or if there is residual material after the smears have 
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been prepared. It is not recommended as a substitute for the cytologic technique. Cell 
block sections are particularly useful if immunostains or other special stains are required. 

CT-Guided Core Biopsies 

This method utilizes an automatic gun provided with an 18- or 20-gauge cutting needle to obtain 
core biopsies of lung lesions. The method has been applied with a success rate which depends 
on the size of the lesions (Haramati, 1995; Arakawa et al, 1996; Laurent et al, 2000). Thus, 
Tsukada et al (2000) recorded a diagnostic accuracy of about 66% for lesions 6 to 10 mm in 
diameter, 79% for lesions 11 to 20 mm in diameter, 87% for lesions 21 to 30 mm in diameter, 
and 93% for larger lesions. Connor et al (2000) reported on a comparison of fluoroscopic or 
CT-guided core biopsies with FNAon 103 patients. These investigators concluded that the 
core biopsy was superior to FNAfor the diagnosis of benign lesions and superior to 
FNA in establishing tumor type in cancer. The reported rate of complications, mainly 
pneumothorax (about 30%) and hemoptysis (1% to 2%), was comparable for both methods, 
with about 3% of patients requiring treatment for pneumothorax. 

Haramati (personal communication, July 11, 2001) now utilizes the guided core biopsies for 
presumed benign lesions and FNAfor presumed malignant lesions, with excellent results. It is 
likely that core biopsies of lung lesions will be carried out more frequently in the future, as 
interventional radiologists become increasingly skilled with this technique. The cytopathologist 
will be called upon to evaluate these specimens. 

CLASSIFICATION OF LUNG CANCER 

Most lung cancers are derived from the epithelium of the bronchi and bronchioles, 
although some tumors may originate in epithelial cells lining the alveoli. The term 
bronchogenic carcinomas is commonly used to describe these tumors. They may be 
classified into the following main groups: 

■ Carcinomas exhibiting predominantly squamous differentiation, classified as squamous or 
epidermoid carcinomas. 

■ Carcinomas forming glandular patterns, mimicking bronchi or alveoli, classified as 
bronchogenic adenocarcinomas of various types or as bronchioloalveolar 
carcinomas. 

■ Carcinomas composed of undifferentiated small cells, resembling the basal or reserve cells 
of the bronchial epithelium, forming the group of small cell carcinomas or SSCs. 

■ Carcinomas composed of undifferentiated or poorly differentiated large cells, some 
of which may exhibit glandular or squamous differentiation, or even endocrine 
features. 

■ Rare types of carcinomas, including tumors with endocrine features. 

Carcinomas of lung may have mixed histologic patterns, in which case minor components 
are disregarded and the carcinoma is classified by the predominant pattern; if there are two 
different major components, the tumor is classified as a mixed-pattern carcinoma. 

Most important from the clinical point of view is an accurate cytologic diagnosis of 
SCC and its differentiation from all other (non-small-cell) carcinomas. SCC is highly 
responsive to irradiation and chemotherapy, which is the treatment of choice, whereas 
all other malignant lung tumors (except for malignant lymphomas) are best treated by 
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surgery. 

Malignant lymphomas, soft -part sarcomas, metastatic tumors and other less-common 
pulmonary neoplasms will be described separately. Benign tumors and tumors of low 
malignant potential, will be discussed in the closing pages of this chapter. 

As a basis for the discussion of cytologic findings, the classification of bronchogenic 
carcinomas shown in Table 20-1 has been adopted here. It should be emphasized that this 
classification is not rigid and that transitions between and among the various types of 
bronchogenic carcinoma may be observed. In a thorough analysis of histologic types of 234 
cases of lung cancer, Reid and Carr (1961) emphasized that only 37% of these tumors were 
homogeneous and the remainder were mixed, although they often showed a single dominant 
pattern. Roggli et al (1985) also found variations in the histologic pattern in two thirds of lung 
cancers, and in 45% there was more than one major histologic classification. This has been our 
experience also, and 
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it has considerable bearing on the cytologic diagnosis of tumor types in sputum and bronchial 
material. 



TABLE 20-1 CLASSIFICATION OF PRIMARY LUNG CARCINOMAS AND RELATED 

TUMORS 

Squamous carcinoma 

Keratinizing (well-differentiated) 

Poorly differentiated (epidermoid) 

* 

Large-cell undifferentiated carcinoma 
Small-cell undifferentiated carcinoma (SCC) 

Oat cell carcinoma 
Intermediate cell type 
Adenocarcinoma 

Adenocarcinoma of central bronchial origin 
“Acinar” carcinoma 
Solid carcinoma with mucin formation 
Papillary carcinoma 
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Bronchioloalveolar carcinoma 
Adenosquamous carcinoma 
Mucoepidermoid carcinoma 
Spindle and giant-cell carcinoma 
Neuroendocrine tumors 
Carcinoid 

Atypical carcinoid (well-differentiated neuroendocrine carcinoma) 

Large-cell carcinoma with endocrine differentiation 
Rare carcinomas 

Although a more detailed classification was recently proposed for the World Health 
Organization by an expert pathology panel of the International Association for the study 
of Lung Cancer (Travis et al, 1999), the simple classification shown here is adequate 
for our purpose. 

★ 

Most of these are undifferentiated large-cell adenocarcinomas, undifferentiated 
squamous carcinomas, or a mixture of both. 



STAGING OF PRIMARY LUNG CANCER 

The TNM system, which is based on characteristics of the primary fumor, lymph nodes , and 
presence of metastases, was devised by the American Joint Committee on Cancer (AJCC, 
1997). It is widely used to classify invasive lung carcinomas into five stages, and is of value for 
prognosis and as a guide to therapy. 

■ Occult carcinoma: Tumor proven by cytologic diagnosis but not visualized by radiologic 
imaging or bronchoscopy, and location not found 

■ Stage 0: Squamous carcinoma in situ, and microinvasive carcinoma 

■ Stage IA: Carcinoma confined to the lung, no more than 3 cm in diameter 

■ Stage IB: Carcinoma confined to the lung, greater than 3 cm in diameter 

■ Stage II: Carcinoma with metastases to peribronchial or hilar lymph nodes or invading tissue 
adjacent to lung 

■ Stage III: Carcinoma with metastases to mediastinal lymph nodes 

■ Stage IV: Carcinoma with distant metastases 
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Surgically resectable stage IA carcinomas have a 5-year survival rate of about 70% (Melamed 
and Flehinger, 1987; Melamed etal, 1981; Flehinger et al, 1992; Melamed, 2000). Stage II 
carcinomas have a 5-year survival rate of about 30% (Beahrs, 1992). In stage III tumors, the 
survival rate is 10% at 5 years, and in stage IV tumors, it is almost anecdotal (Beahrs, 1992; 

AJCC, 1997). All SSCs are stage IV by definition. 

The optimal goal of cytology is to detect lung cancer in the earliest possible stage, 
ideally at stage TO, which defines initially occult carcinomas diagnosed by cytology in 
the absence of roentgenologic abnormalities, or stage 1A, which comprises localized 
carcinomas smaller than 3 cm in diameter without evidence of metastases. As already 
noted, these two groups of early-stage carcinomas offer significantly better prognosis than the 
more advanced tumors in stages II through IV. The role of pulmonary cytology in the diagnosis 
of low-stage lung cancer is considered in more detail later in this chapter. 

In daily practice, however, cytology has very limited application as a screening 
technique for detecting lung cancer in asymptomatic populations and serves mainly to 
clarify the nature of lesions in the lung or mediastinum discovered by radiologic 
examination. 

CYTOLOGIC DIAGNOSIS OF BRONCHOGENIC CARCINOMA 
Effect of Specimen Collection Method 
Sputum and Bronchial Specimens 

Cancer cells found in sputum or bronchial secretions originate from loosely bound and often 
necrotic peripheral cells of the tumor, facing the lumen of the bronchus. They differ significantly 
from the tumor cells obtained in brush specimens or needle aspirates of more viable tumor. 

Thus, the desquamated cells of squamous or SSCs often occur singly, are poorly 
preserved, and show nuclear condensation or pyknosis. The cytologic diagnosis of 
cancer in these specimens depends in large part on the interpretation of these poorly preserved 
tumor cells with the understanding that they are often not representative of the tumor as a 
whole. These sampling artifacts are consistent and diagnostically very useful, however, and 
with practice, such cells can be recognized and correctly classified with a high degree of 
accuracy. 

Adenocarcinomas of central bronchial origin shed characteristic tumor cells in clusters. 

Flowever, the more common peripherally located tumors are unlikely to shed more than a few 
tumor cells into the bronchus. 

In Saccomanno's technique of sputum processing (Saccomanno et al, 1963), described in 
detail in Chapter 44, the specimen is collected in 50% ethanol with 2% carbowax 
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and blended briefly to homogeneity in a Waring blender before preparation of smears from the 
centrifuged sediment. The morphology of Papanicolaou-stained cancer cells is the same as in 
direct smears of sputum. There is some evidence, however, that the diagnosis of SSC based 
on the distribution of widely separated single cells in Saccomanno's preparations may 
be more difficult than in conventional smears. 

Bronchial wash and brush specimens collect cells from the surface and the deeper layers of 
the tumor. Consequently, they exhibit a mixture of viable and poorly preserved or necrotic tumor 
cells. Squamous and SSCs comprise most of the carcinomas within reach of the bronchial 
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brush. Nuclear structure in the viable cells is more transparent and nuclear 
hyperchromasia is less marked than in desquamated tumor cells found in sputum. 

These differences are shown diagrammatically in Figure 20-1 . 

BAL specimens are designed to sample the distal bronchoalveolar tree (see Chap. 19). In 
peripheral adenocarcinomas, the lavage specimens may yield well-preserved single cells and 
small papillary or flat clusters of large tumor cells. 

Needle Aspirates 

In percutaneous and transbronchial needle aspirates, the samples are taken directly from 
the tumor, and usually from its viable portion. Atechnically good aspirate should contain an 
abundance of tumor cells, often with small fragments of tumor tissue. The tumor cells in needle 
aspirates can usually be classified according to tumor type as described below. 

Differences in Smear Preparation and Staining Methods 
Optimal assessment of cytology of various types of lung cancer is obtained by 
examining fixed smears stained by the Papanicolaou method. However, air-dried, 
methanol-fixed smears, stained with Diff-Quik or another hematologic stain are widely used, 
particularly for percutaneous aspiration cytology. In this type of material, the diagnosis of 
cancer is usually readily established but differences among tumor types are less obvious. 
The brilliant qualities of cytoplasmic keratin staining, so obvious in Papanicolaou stain, are 
replaced by a bluish color that may be intense enough to obscure the nuclear structure of the 
cells. The description of features that distinguish the types of cancer cells in 
bronchogenic carcinomas that follows is based on the Papanicolaou stain. The results 
with other stains will be briefly noted when needed. 




Figure 20-1 Diagrammatic presentation of effects of cell degeneration in 
bronchogenic carcinoma. Cancer cells removed by bronchial brush from the growing 
tumor (left) cannot be differentiated as to tumor type. The degenerative changes allow a 
differentiation between epidermoid carcinoma (nuclear pyknosis) and adenocarcinoma 
(nucleolar prominence). The cell types shown in the three rows of cells on the left are 
observed in brush specimens. The cell types seen in the three rows on the right are seen 
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SQUAMOUS CARCINOMA 

Clinical Data 

Squamous carcinoma is a common form of primary lung cancer. Afflicting primarily cigarette- 
smoking men and women older than 50 years of age, these neoplasms originate mainly in the 
epithelium of secondary or tertiary bronchi (Melamed et al, 1977), and may cause bronchial 
obstruction. They are twice as frequent in upper lobes as middle or lower lobes; those that arise 
in the lower lobes are almost always in an upper segment. As they grow, the carcinomas extend 
proximally from segmental to lobar and eventually the mainstem bronchus (Fig. 20-2A). Cough, 
with or without hemoptysis, is by far the most common clinical symptom. In the earliest stages 
of the disease, radiographic examination of the chest may fail to reveal any significant 
abnormality. Later, the radiographic abnormalities are of a tumor mass and/or 
atelectasis or pneumonitis secondary to obstruction of the bronchial lumen. 

Histology 

The well-differentiated, keratinizing squamous cancers are composed of sheets of cells 
attempting to form squamous epithelium (Fig. 20-2B), often with abundant keratin formation and 
keratin pearls. Central keratinization and necrosis is characteristic, particularly in larger 
tumors, and may lead to cavity formation within the tumor (Fig. 20-2C,D). 

In poorly differentiated, that is, nonkeratinizing 
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squamous carcinomas (also known as epidermoid carcinomas), the cancer cells are 
usually smaller and keratin formation is less conspicuous, limited to individual cells or 
focal areas of the tumor. The arrangement of cancer cells in sheets is characteristic of these 
tumors as well (Figs. 20-2D and 20-5C). 
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Figure 20-2 Squamous carcinoma. A. Gross appearance of squamous carcinoma, which 
originated in a segmental branch of the upper lobe bronchus and extended proximally into 
the lobar bronchus. B. Histologic section of well-differentiated keratinizing squamous 
carcinoma. The cancer cells grow in sheets mimicking squamous epithelium, with 
keratinization and necrosis in the poorly vascularized center of the tumor. C. Gross 
photograph of a cavitating squamous carcinoma. The cavity communicates with a large 
bronchus. D. Histologic section of the cavity wall shown in C. The tumor is composed of 
poorly differentiated squamous cancer cells. 



Precursor lesions of squamous carcinoma (e.g., bronchogenic carcinomas in situ), are 

discussed below in the section on lung cancer detection. 

Cytology 

Sputum and Bronchial Secretions 

Cytologic examination of sputum and/or aspirated bronchial secretions can yield a rapid and 
accurate diagnosis of squamous lung cancer, regardless whether the tumor is visualized 
bronchoscopically or not. Squamous cancer cells are reminiscent of normal squamous 
epithelial cells, but differ from normal in several important features. 

Abnormalities in Shapes and Sizes 

Cells of squamous carcinoma vary considerably in shape and size, are typically found in a 
background of inflammation and necrosis, and often assume a most bizarre appearance (Fig. 
20-3AB). Spindly cancer cells and tadpole cells are quite common and their presence is 
characteristic of these neoplasms (Fig. 20-3B,C). Very large squamous cells may appear 
next to very small cells. 
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Cytoplasmic Abnormalities 

The cytoplasm produces keratin and assumes a brilliant orange or yellow color in 
Papanicolaou stain, with a certain 
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quality of thickness and refractility that may be brought out when the condenser of the 
microscope is lowered. The keratin also confers a very sharp cell outline (Fig. 20-3A.C). In 
some degenerating highly keratinized cancer cells, the densely yellow or orange cytoplasm 
drowns out a fading nucleus that is undergoing karyolysis. The resulting abnormally shaped 
yellow or orange ghost cells have only faint outlines of a nucleus, or no nucleus at all (Figs. 

20-3D). In the absence of nucleated cancer cells, the ghost cells in sputum or bronchial 
specimens are strongly suggestive, although not fully diagnostic of squamous 
carcinoma. Only in tracheitis sicca associated with tracheostomy are there likely to be 
benign squamous ghost cells with nuclear atypia that mimics malignant cells; 
otherwise the ghost cell nuclei are bland, if at all visible (see Chap. 19). 




Figure 20-3 Squamous cancer cells in cytologic samples. Sputum (. A ) and bronchial 
( B ) aspirate showing squamous cancer cells in an inflammatory background. The cells 
vary in shape and size, have deeply eosinophilic cytoplasm and relatively large, 
hyperchromatic nuclei without discernible internal structure (“ink spot” nuclei). An 
elongated, spindly squamous cancer cell is seen in B, and a “tadpole” cell in C. D. “Ghost” 
cells in a bronchial wash specimen, strongly suggestive of squamous cancer. 



Nuclear Abnormalities 

Although nuclear hyperchromasia is characteristic and typical, it does not apply to all 
squamous cancer cells. As noted, the nuclei of some cancer cells may be relatively pale, 
especially the keratinized or necrotic cells that are undergoing karyolysis (“ghost” cells; Fig. 20- 
3D). Peculiar staining characteristics of the nuclei are evident in tumor cells that are 
undergoing degeneration. They may sometimes have a smudgy or remarkably homogeneous 
water color appearance. More often, the nuclei are deeply and evenly hyperchromatic, 
resembling India ink (Fig. 20-3A-C). This is caused by pyknosis. On closer examination, 
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chromatin structure is generally visible in such nuclei. 

Significant aberrations of nuclear shape are common. Many nuclei are angular or irregular 
in configuration (Fig. 20-3AC) and commonly variable in size as well as shape. Some have a 
bizarre shape (Fig. 20-3C). 

The nuclear/cytoplasmic ratio varies considerably in this type of tumor and, although nuclei 
are on the whole quite large for cell size, there may be some very small pyknotic nuclei as well. 

Reversal of the nuclear/cytoplasmic ratio in favor of the nucleus, so characteristic of 
cancer in general, is not of paramount importance in diagnosing the well-differentiated 
keratinizing form of squamous carcinoma. 

Uncommonly, abnormal nucleoli may be noted usually in poorly differentiated epidermoid 
cancer cells. 
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Phagocytosis of Cancer Cells by Cancer Cells 

Multinucleated squamous cancer cells are not unusual (Fig. 20-4A) but on occasion, a 
complete small cancer cell may be found within the cytoplasm of a larger cell (Fig. 20- 
4B). While cancer cells are sometimes capable of phagocytosis of small particles, carbon or 
hemosiderin for example, the “cell in cell” phenomenon most likely is the result of an 
abnormal mitotic division with improper separation of the two daughter cells. Phagocytosis 
should not be confused with emperipolesis, the active infiltration of a cell (in this example, 
tumor cells) by leukocytes (Fig. 20-4C). 

Incomplete separation of squamous daughter cells may result in the formation of a squamous 
pearl, that is, a concentrically arranged cluster of cancer cells (Fig. 20-4D). These must be 
distinguished from similar structures (benign pearls) occurring in the absence of cancer (see 
Fig. 19-7C). The difference lies in the configuration and staining of the nuclei, which in the 
malignant squamous pearls are hyperchromatic and of irregular shape, in keeping with 
squamous cancer. The malignant pearl is usually smaller, with fewer cells and greater 
cytoplasmic keratinization. Most importantly, in case of doubt, a search for single, clearly 
identifiable cancer cells in other fields of the specimen usually settles the problem. 
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Figure 20-4 Squamous cancer cells in cytology samples. A Multinucleated squamous 
cancer cell. B. “Cell in cell” formation of cancer cells, suggesting (incorrectly) 
phagocytosis. C. Emperipolesis, the active entry of lymphocytes or polymorphonuclear 
leukocytes into the cytoplasm of another cell, often a cancer cell. D. Malignant squamous 
pearl, formed by concentrically layered squamous cancer cells. 



Breakdown of Clusters 

Squamous cancer has a marked tendency to exfoliate as single cells (see Fig. 20-3A). In 
fact, one should follow the general rule that a diagnosis of this tumor type should not be 
made unless single cancer cells are found. Adozen or so of the characteristic single tumor 
cells scattered over one or two smears may be sufficient to establish the diagnosis. 

Mitotic Activity 

Mitoses are very rare in keratinizing squamous carcinoma. In general, however, mitotic cells in a 
specimen of pulmonary origin, although not diagnostic of cancer, call for careful 
investigation to rule out a malignant neoplasm. 

Cytology of Nonkeratinizing Squamous (Epidermoid) Carcinoma 

The nonkeratinizing carcinomas differ primarily in cytoplasmic staining, which in most 

cancer cells is basophilic 
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or amphophilic (Fig. 20-5A,B) and more transparent with less abundant cytoplasm than in 
keratinizing carcinoma. The nuclei are hyperchromatic with coarsely textured chromatin but 
usually not pyknotic. Less commonly, nuclear chromatin is more delicate and nucleoli may be 
visible. It is not unusual in such specimens to find a few keratinizing cancer cells, and these are 
of value in correctly classifying the tumor (Fig. 20-5B). They are derived from the more ischemic 
surface (Fig. 20-5C). 

Bronchial Brush Specimens and Transbronchiai Needle Aspirates 
Several of the key features that identify squamous carcinoma in sputum and bronchial 
secretions, such as squamous pearls, keratinization, nuclear pyknosis, and the presence of 
single cancer cells may have only scant representation in bronchial brush specimens 
and transbronchiai needle aspirates. This is particularly evident in poorly differentiated 
squamous (epidermoid) carcinomas. Cancer cells removed from actively growing peripheral 
portions of a squamous carcinoma do not exhibit nuclear pyknosis or cytoplasmic keratinization 
as found in the center of the tumor or at the bronchial surface (see Figs. 20-2B and 20-5C). 

The viable, replicating tumor cells in an FNA occur in sheets or loose clusters wherein 
the cell outline may be ill-defined and the cytoplasm is cyanophilic (basophilic) rather 
than eosinophilic. The nuclei are large, coarsely granular, and may be hyperchromatic, 
but are rarely pyknotic. There may be visible or even prominent nucleoli. On occasion, thick 
cell clusters can assume a pseudopapillary configuration. Thus, bronchial brush and particularly 
FNA specimens of keratinizing and non-keratinizing squamous cancers may be very much the 
same. 
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Figure 20-5 Poorly differentiated (nonkeratinizing) squamous carcinoma in sputum 
(A) and bronchial brush (B) specimens. The nuclei are hyperchromatic, coarsely textured 
and irregular. The tumor cells in sputum have scanty, pale eosinophilic cytoplasm, while in 
the bronchial brush specimen, they have amphophilic or sometimes basophilic cytoplasm. 
C. Junction of viable (lower) and nonviable (upper) tumor, the latter at the surface of the 
bronchus of origin. The condensed and hyperchromatic pyknotic nuclei are present in the 
necrotic portion of the tumor. 



In the absence of keratinization and nuclear pyknosis, as may be the case in poorly 
differentiated squamous (epidermoid) carcinoma, or if direct bronchial brushings or needle 
aspirates sample nonkeratinized areas of tumor, the distinction between a poorly differentiated 
squamous carcinoma and adenocarcinoma may be difficult. In such cases, it is best to report 
the cytologic diagnosis as “positive for malignant cells, undifferentiated large-cell 
carcinoma,” or as “non-SSC.” The principal differences between the cytologic presentation 
of exfoliated cells of squamous carcinoma in sputum and direct samples of tumor in bronchial 
brush specimens and transbronchial aspirates are summarized in Table 20-2. 

Percutaneous Needle Aspirates 

Squamous lung cancers usually arise in the secondary or tertiary bronchi. Most are centrally 
located and are accessible to bronchoscopic study. In our experience, peripheral squamous 
cancers are quite uncommon and the majority are nonkeratinizing. Percutaneous aspiration 
biopsy may be needed for those few cases. The aspirate yields cells with large nuclei and 
variably stained cytoplasm that is 
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only moderate or sometimes scanty in amount. Nuclear chromatin may be coarse and 
hyperchromatic or more delicate with visible or even prominent nucleoli. Differentiation from 
large-cell carcinoma or adenocarcinoma is frequently difficult or impossible. Except for the 
extremely uncommon keratinizing peripheral squamous cancers, which yield classic 
keratinized cancer cells, most of the nonglandular peripheral cancers are best 
classified as poorly differentiated large-cell carcinoma (discussed later). 
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TABLE 20-2 SQUAMOUS CARCINOMA: PRINCIPAL DIFFERENCES IN THE 
CYTOLOGY OF CANCER CELLS IN SPUTUM VERSUS BRONCHIAL BRUSH 
SPECIMENS AND TRANSBRONCHIAL NEEDLE ASPIRATES 



Cytologic 

Presentation 


Sputum 


Bronchial Brush and Transbronchial 
Needle Aspirates 


Presence of 
cancer cells 


Variable, may be 
few 


Usually many 


Cytoplasmic 

keratinization 


Marked 


Confined to a few cells; often absent 


Abnormal N/C 
ratio 


Variable 


More commonly increased 


Nuclear pyknosis 


Marked 


Not marked; often absent 


Single cancer 
cells 


Frequent 


Infrequent 


Cancer cells in 
clusters 


Infrequent 


Predominant 


Nuclear structure 
detail 


Difficult to see 


Readily visible 


Nucleoli 


Inconspicuous or 
absent 


Commonly visible and may be prominent 



Correlation of Cytology With Histology in Keratinizing Squamous Lung Cancer 
Because of selective sampling from the exposed surface of the tumors in sputum and bronchial 
washings, or if the periphery of the tumor is sampled in an FNA a dominant cell population 
of keratinized cancer cells in the former case, or their absence in the latter, may not 
accurately reflect the histology of the tumor. Bronchial brushings or needle aspirates from 
the core of the tumor are generally more representative. 

Squamous Lung Carcinoma Following Laryngectomy for Carcinoma 

Cahan and Montemayor (1962) have shown that the incidence of squamous lung cancer is 
greatly increased in patients who have had prior cancers of the upper air passages, mainly the 
larynx. To secure cytologic material from patients who have had a laryngectomy for carcinoma 
and are left with a permanent tracheostomy, they obtained tracheobronchial washings via 
the tracheal stoma. In a survey of 308 such patients, there were 12 with positive cytology: 6 
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had metastatic carcinoma, but 6 had new primary cancers of the lung, and in 4 of those 
patients, cytologic evidence preceded radiographic suspicion (Cahan et al, 1966). However, 
one must be warned that cells derived from the metaplastic squamous epithelium of tracheitis 
sicca (dry tracheitis) in patients with a permanent tracheostomy can sometimes mimic 
squamous carcinoma (see Chap. 19). 

Determining the Site of Origin of Squamous Carcinoma 

The histologic and cytologic presentation of bronchogenic squamous carcinoma is not unique. 

Tumors of identical morphology arise in the oral cavity, esophagus, and upper respiratory tract, 
not uncommonly as multiple, separate, simultaneous or sequential cancers of squamous origin. 
Metastatic carcinomas from more distant sites may also mimic primary bronchogenic squamous 
carcinoma, including, for example, carcinomas of bladder, uterine cervix, and the exceedingly 
rare squamous cancers of endometrium or breast. Thus, cytologic evidence of squamous 
carcinoma in sputum, and even in samples taken directly from the lower respiratory 
tract, does not automatically indicate bronchogenic origin. Clinical correlation is essential. 
Localization procedures in patients with occult bronchogenic carcinoma and carcinoma in situ 
are discussed below. 

Differential Diagnosis of Bronchogenic Squamous Carcinoma 

Diagnostic difficulties may be encountered in differentiating nonneoplastic atypias of 

squamous cells of buccal, laryngeal, or tracheal origin from bronchogenic squamous 
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carcinoma (see Chap. 19). These difficulties can be minimized by attention to clinical data and a 
careful evaluation of cellular detail. A history of prior or concurrent radiation treatment or 
prior laryngectomy should caution against the diagnosis of squamous carcinoma on 
limited evidence. Other sources of possible error include vegetable (plant) cells, droplets of 
condensed mucus, and epithelial atypias associated with nonneoplastic disorders such as 
pulmonary mycetomas or pemphigus, all discussed in Chapters 19 and 21. 

Tumor cells of other types that sometimes exhibit cytoplasmic eosinophilia in the Papanicolaou 
stain may mimic squamous or epidermoid carcinoma. This can occur with other forms of lung 
cancer and with metastatic cancers to the lung. 

Large-Cell Undifferentiated Carcinoma 
Histology 

The large-cell undifferentiated bronchogenic carcinomas are composed of broad, diffusely 
infiltrating sheets of usually moderate size tumor cells with moderate- to 
abundantcytoplasm (Fig. 20-6A). Many of these tumors are peripheral in origin and/or 
unrelated to major bronchi, and we believe they most likely represent undifferentiated 
adenocarcinomas. By definition, they are without substantial squamous or glandular 
differentiation, although they may exhibit focal features of squamous cancer or 
adenocarcinoma, sometimes side by side. They are derived from the same basal epithelial cells 
(reserve cells) that give rise to squamous and adenocarcinomas. Tateishi and Hattori (1982) 
considered these tumors to be undifferentiated carcinomas that lacked either light microscopic 
or ultrastructural evidence of maturation to other cell types, but Kodama et al (1985) found 
ultrastructural evidence of both glandular and, less commonly, squamous differentiation. As a 
practical point, more specific classification is irrelevant at this time, since all non-small-cell lung 
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cancers have the same prognosis and are treated in the same way. 




Figure 20-6 Undifferentiated large-cell (non-small-cell) carcinoma in peripheral 
lung. A In this histologic section, the cancer cells are growing in sheets and have 
abundant, pale eosinophilic cytoplasm. Sputum ( B ) and bronchial brush ( C ) with cells from 
an undifferentiated large-cell carcinoma showing variations in staining pattern. The nuclei 
are either hyperchromatic with coarsely textured chromatin within the pale-staining 
cytoplasm ( B ), or have a more delicate chromatin structure with prominent nucleoli, 
resembling adenocarcinoma ( C ). A percutaneous FNA( D) shows sheets of large tumor 
cells with abundant cytoplasm corresponding to the histologic section shown in A 



Cytology 

The tumor cells, although frequently single, have a marked tendency to form loosely structured 
clusters composed of 
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cells of unequal sizes. Cells within the clusters are seldom superimposed; commonly, they lie 
flat next to each other (Fig. 20-6B,C). While some have little cytoplasm, most of the tumor cells 
are characterized by ample cytoplasm and they are comparable in size either to the cells of 
squamous carcinoma or adenocarcinoma. The cytoplasm is usually pale staining and delicate in 
appearance, and may be eosinophilic or basophilic. On rare occasions, small red 
intracytoplasmic inclusions are noted; they are wholly comparable to those observed in 
urinary sediment (see Chap. 22) and have no diagnostic significance. The nuclei are large, 
sometimes of irregular contour, and sharply outlined. They are characterized by coarse 
hyperchromatic chromatin (Fig. 20-6B), or frequently by fine chromatin and single or 
multiple prominent nucleoli (Fig. 20-6C), and rarely are pyknotic. Thus, the nuclear structure 
is more reminiscent of an adenocarcinoma (see below) than squamous carcinoma. Occasional 
papillary cell clusters and cytoplasmic vacuoles may suggest differentiation toward 
adenocarcinoma. 

Sputum and Bronchia! Brush Specimens 
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In this tumor type, the differences in cytologic presentation between sputum and bronchial 
brush specimens are not as marked as in keratinizing carcinoma. The main features of the 
tumor cells, as described above, are observed in sputum and brush specimens. The 
tumor cells more often form groups and clusters in brush specimens than in sputum. Nuclear 
structure is usually well preserved. The nuclear envelope often shows indentations and 
protrusions, resulting in irregular nuclear contours. The nuclei show one or more large 
nucleoli (Fig. 20-6C). In the absence of keratinization, the differential diagnosis lies 
between undifferentiated large-cell carcinoma and adenocarcinoma and may be 
difficult to establish. Fragments of tissue embedded in paraffin and processed as a cell block 
may facilitate the identification of tumor type. 

Percutaneous and Transbronchial FNAs 

Undifferentiated large-cell carcinomas are among the easiest to identify as malignant 
because of the size of the cancer cells and their often-striking nuclear abnormalities, 
which include abnormal shapes and either coarse granulation of chromatin or more 
delicate chromatin with prominent nucleoli. In needle aspirates, the tumor cells may be in 
sheets (Fig. 20-6D) or dispersed. In air-dried, methanol-fixed smears stained with Diff- 
Quik or similar stains, the nuclei of the tumor cells are large, but nuclear features are poorly 
visualized and the cytoplasm, which stains pale blue, has no definable structure. The 
differential diagnosis of non-SSC should include primary and metastatic adenocarcinoma 
and attention should be directed to any history of previously treated cancer. 

Sources of Diagnostic Error 

Except for markedly atypical squamous metaplasia (“repair”), radiation effect and drug effect 
(see Chap. 19), there are virtually no benign cell abnormalities that could lead to a 
mistaken diagnosis of undifferentiated large-cell bronchogenic carcinoma. 

SMALL CELL CARCINOMA (SCC) 

Clinical Features 

In prior classification schemes, these highly aggressive malignant tumors were divided into two 
subgroups: classical oat cell carcinoma, and an intermediate cell type of SSC. Because 
these two subtypes do not differ clinically, the latest World Health Organization (WHO) 
classification combines both subtypes as SCC (Travis et al, 1999). The term combined 
SSC is used for the not uncommon occurrence of SCC with any non-small-cell component, for 
example, squamous, adenocarcinoma, or large-cell carcinoma. 

However, there are distinct cytologic differences between the small and intermediate 
cell types of SSC, based on cell size and other morphologic characteristics, that are of 
importance in cytologic diagnosis. Though not recognized in the 1999 WHO classification, the 
distinction is important for our diagnostic purposes and the two subtypes will be described 
separately. 

SSCs, as a group, share some important characteristics. These tumors, even when of very 
small size, may induce endocrine paraneoplastic syndromes because of active production 
of a broad variety of polypeptide hormones, including adrenocorticotropin (ACTH), antidiuretic 
hormone, parathormone, calcitonin, and gonadotropins. The clinical syndromes include 

Cushing's syndrome, water retention, hypo- or hypercalcemia (hypercalcemia is more 
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commonly associated with squamous lung cancer), gynecomastia, and antibody -induced 
central nervous system (CNS) disturbances with bulbar and cerebellar degeneration. 

The CNS syndrome is induced by a polyclonal IgG (anti-Hu) antibody that binds to nuclei of 
SSC and of the affected neurons (Anderson et al, 1988; Rosenblum, 1993; Gultekin et al, 

2000). The neurologic disorder may precede first clinical evidence of carcinoma. Thus, 
although hormone production has been demonstrated by immunohistochemistry in nearly one 
third of all lung carcinomas (Dirnhofer et al, 2000), the paraneoplastic syndromes are most 
common in SSC. It is essential that patients presenting with suspicion of a paraneoplastic 
syndrome undergo careful evaluation for a possible malignant tumor (Mizutani, 1988; 

Nathanson and Hall, 1997), and cytology may play an important role in the workup of these 
patients. 

Because of the frequency of associated endocrine syndromes, it has been widely assumed 
that SSCs are part of the spectrum of neuroendocrine tumors (Colby et al, 1995), 
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related to carcinoid tumors, and derived from the Kulchitsky cells, that is, the endocrine 
bronchial cells (Bensch, 1965). Neuroendocrine cytoplasmic granules can be observed 
by electron microscopy in both the carcinoids and SSCs (Bensch et al, 1968; Nomori et al, 

1986); however, they are numerous in carcinoid tumors and few in oat cell carcinomas. It 
is not unusual to find a few neuroendocrine granules in other lung cancers that are not 
considered to be of neuroendocrine origin, and their presence in oat cell carcinoma may simply 
represent aberrant differentiation. Although immunohistologic stains for neuroendocrine markers 
such as synaptophysin may be positive, we have found the stains for chromogranin are 
typically negative in oat cell carcinoma and consistently positive in carcinoid tumors 
(Zaman, unpublished data). For other studies of oat cell carcinomas and carcinoids, see Fisher 
et al (1978). 

The epidemiology of oat cell carcinoma and carcinoid are markedly different (Godwin 
and Brown, 1977). SSCs are highly aggressive, rapidly growing, and widely metastasizing 
malignant tumors that rarely are cured by surgery, unlike the very slowly growing carcinoids that 
typically evolve over a period of many years with high rates of cure by surgical excision. They 
differ also in gene expression profiles recently studied with cDNA arrays that clearly 
indicate small-cell (oat cell) carcinomas are related to and are most likely derived from 
bronchial epithelial cells, whereas the bronchial carcinoids are neural-crest derived 
(Anbazhagan et al, 1999). In a long-term study of uranium miners and others at risk of lung 
cancer Saccomanno et al (1974) described several patients with cytologic evidence of 
squamous carcinoma in situ preceding the development of oat cell carcinoma. It is 
therefore quite likely that SSCs of the lung are epithelial tumors derived from the 
epithelium of the bronchi and not from endocrine cells. It must be assumed that the 
paraneoplastic syndromes occurring in SSCs (and occasionally in squamous and other lung 
cancers) reflect the ability of epithelial bronchial cells to produce polypeptide hormones, 
accounting for the clinical manifestations. 

Until about 1975, the prognosis of SSC, whether treated or untreated, was nearly hopeless, 
with rapid dissemination and death from disease occurring within a few months of diagnosis. 
Aggressive irradiation and multidrug therapy introduced and improved over the last quarter of a 
century may eradicate the primary tumor and some metastases, significantly extending survival 
(Perry et al, 1987), but remission is temporary and widespread seeding to distant organs 
including the CNS is common. Carcinomatous meningitis is a fairly common complication 
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in patients treated for SSC (Balducci et al, 1984; Strady et al, 2000), and may superficially 
resemble meningeal involvement by leukemia or lymphoma; cytologic examination of 
cerebrospinal fluid is of paramount importance in establishing the diagnosis (see Chap. 

27). Prophylactic radiotherapy of the CNS in patients with remission has decreased the risk of 
brain metastases and further increased 3-year survival (Auperin et al, 1999). Because the 
treatment of small-cell lung cancer is different from that of non-SSCs, an accurate 
diagnosis of this tumor is essential and represents a major challenge in cytopathology. 

Oat Cell Type 
Histology 

SSCs arise from lobar or major segmental bronchi, similar in origin to squamous carcinomas. In 
contrast to the more slowly growing squamous carcinomas, SCC metastasizes early to hilar and 
mediastinal lymph nodes, and disseminates widely via the blood stream. 

For many years, this rapidly fatal malignant tumor was considered by some to be a small cell 
sarcoma. James Ewing (1922) classified it as a “peribronchial sarcoma,” a testimony to its 
anaplastic appearance. Even today, the correct diagnosis is not always easy, especially in 
biopsies of metastatic sites or when tissue or cytologic samples are scanty. 

Histologically, small-cell (oat cell) carcinoma is composed of sheets of small, round, ovoid, 
or spindly cells that characteristically seem separated from each other, and have been 
compared to grains of oats; hence, the widely accepted name. The “oat cell” appearance of 
these tumor cells is exaggerated by tumor necrosis, which is extremely common (Fig. 20- 
7A). There may be “crushing artifact” in biopsies, or streaks of hematoxylin-stained 
nuclear material (Azzopardi effect), which is extremely characteristic of this tumor. In well- 
fixed tumor tissue, the sheets of tumor cells take on an epithelial configuration, often with 
poorly formed glandular or tubular structures, rosettes, or islands of larger cells. In 
some cases, SSC may assume a lobular growth pattern with peripheral palisading of 
tumor cells, resembling and sometimes referred to as basaloid carcinoma (Brambilla, 

1992; Dugan, 1995). All variants of SSC have the same aggressive clinical course, and it is 
doubtful whether they deserve separate classification. 

In keeping with their origin in the reserve cells of the bronchial epithelium, oat cell carcinomas 
may exhibit foci of glandular or squamous differentiation, and conversely the anaplastic 
squamous and adenocarcinomas of lung may mimic oat cell carcinoma. The term combined 
SSC is reserved for those tumors that have a dominant pattern of SSC with a substantial 
component of other tumor types. 

Frequent genetic abnormalities observed in SSCs include a loss of the short arm of 
chromosome 3. Rarely, this abnormality may also occur in non-small-cell cancers (Brauch et al, 

1987; Dennis and Stock, 1999). 

Cytology 

Sputum and Bronchial Secretions or Washings 

Oat cell carcinoma may be difficult to diagnose because, at low (scanning) magnification, the 

small cancer cells can 
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be misinterpreted as lymphocytes or may entirely escape the attention of an 
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inexperienced observer (Fig. 20-7B). However, the cytologic presentation of this tumor is 
very characteristic and, once the hurdle of initial recognition has been overcome, the diagnosis 
is quite easy and accurate. This is of considerable importance to the clinician for reasons 
discussed above. 




Figure 20-7 Small-cell (oat cell) carcinoma. A. Histology of SSC. The tumor is 
composed of small cells about twice the size of lymphocytes. Necrosis is common. B. The 
small, loosely clustered or single cells with irregular hyperchromatic nuclei and scanty 
cytoplasm may easily be misinterpreted as lymphocytes, or entirely overlooked. Note the 
molding of adjacent nuclei, a feature that is highly characteristic of SSC and is not seen 
with lymphocytes. C. A cluster of loosely coherent cells of SSC in a bronchial brush 
specimen. There is marked variation in cell configuration with molding of adjacent 
hyperchromatic nuclei. D. At low magnification, the loose clusters of small cells can easily 
be mistaken for lymphocytes. Note the streaks of hematoxylin-stained DNAfrom broken 
tumor cell nuclei, suggestive of SSC. 



Sputum processed by the “pick-and-smear” technique is superior to Saccomanno's 
technique in the diagnosis of this tumor type (see Chap. 44). Oat cell carcinomas shed 
loosely arranged clusters of small cells of variable sizes, somewhat larger than 
lymphocytes, with molding of adjacent or superpositioned nuclei that are pressed together 
(Fig. 20-7B,C). In bronchial washings and aspirates, the tumor cell clusters are usually more 
cohesive than in sputum, and overlapping nuclei and flattening or “molding” of adjacent cells 
are more common. 

Although the tumor cells are small, they have relatively large nuclei, larger than 
lymphocytes, and a very scanty rim of cytoplasm. The cytoplasm is usually basophilic, 

but on occasion may exhibit eosinophilia, suggesting keratin formation. Often, the tumor cells 
are present as bare nuclei, or with only a small amount of adherent cytoplasm. Tumor cell 
necrosis is common. 

Bauer and Erozan (1982) reported psammoma bodies in a case of SSC. 



1130/3276 



Koss' Diagnostic Cytology & Its Histopatl26lGgratfiaBffis,f5ltteEdng: Conventional Cytology and Aspiration Biopsy 



Bronchial Brush Specimens 

There is better sampling of viable tumor in bronchial brush specimens than in sputum or 
bronchial washing, and a greater proportion of well-preserved, viable tumor cells. The 
tumor cells are variable in size, although they are generally small with very scanty cytoplasm. 

The molding of adjacent nuclei in clusters of tumor cells (Fig. 20-7C) is very common. 

Two types of nuclei may be observed: hyperchromatic or pyknotic nuclei and nuclei 
that are open or vesicular. The best-preserved tumor cells have a coarsely granular 
nuclear pattern, and some may have small, discernible nucleoli. The cells with pyknotic 
nuclei are derived from necrotic parts of the tumor, whereas tumor cells with vesicular 
nuclei are from nonnecrotic tumor 
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sampled by brushing. This feature will be illustrated and discussed below with the 
intermediate type of SSC. The nuclei are fragile and, regardless of the care with which the 
specimen has been obtained, nuclear breakdown is extremely common. This “crush 
artifact” results in smudges and streaks of nuclear material that is of diagnostic value 
since this type of necrosis is uncommon in other tumors (Azzopardi effect) (Fig. 20-7D). 

Sturgis et al (2000) ranked cell size, scanty cytoplasm, and nuclear molding as the most useful 
diagnostic features. Flyperplastic basal cells can be confused with oat cell carcinoma, but are 
smaller, more uniform without necrosis, and typically in coherent clusters (see Chap. 19). 

Percutaneous Fine-Needle Aspirates 

Although most oat cell carcinomas are located in major bronchi and can be diagnosed by 
sputum or bronchial brush, a small number of the tumors are peripheral and are best sampled 
by percutaneous biopsy. The cellular features described above for bronchial brush specimens 
are usually observed in needle aspiration biopsy smears as well. Groups of tumor cells are 
more common and cell detail is obscured, except in the loosely coherent single cells at the 
periphery of such clusters. Of special note, there may be short chains of cancer cells in 
needle aspirates of oat cell carcinoma (Fig. 20-8B), often with flattening (molding) of 
adjacent cells. Visible nucleoli are uncommon. In some aspirates, the well-preserved 
cells dominate and differentiation of oat cell carcinoma from intermediate-type SSC is 
not possible (see below). 
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Figure 20-8 SSC, intermediate cell type. A Histologic pattern showing closely packed 
tumor cells, somewhat larger than oat cell carcinomas but smaller than epidermoid and 
adenocarcinoma. The cells have more vesicular nuclei and more abundant cytoplasm than 
oat cell carcinoma, and may be polygonal or spindle-shaped; pyknotic nuclei are few. B. 
Bronchial aspirate showing a streak of nuclei with only wisps of cytoplasm. The 
hyperchromatic, coarsely textured nuclei, usually provided with one or more chromocenters 
or a small nucleolus, vary in size but are two to three times larger than a lymphocyte. C. 
Dispersed and loosely aggregated nuclei in a bronchial brush specimen. Nuclei have a 
vesicular chromatin pattern and clearly evident nucleoli. D. Single-cell necrosis and 
apoptosis are characteristic of SSC. 



Intermediate Type 
Histology 

These tumors resemble oat cell carcinomas except for their somewhat larger size, more 
cytoplasm, more vesicular nucleus, and considerably less necrosis (Fig. 20-8A). Their 
behavior is the same as that of oat cell carcinoma. In some cases, this tumor type may be 
mistaken for a small-cell adenocarcinoma or poorly differentiated epidermoid carcinoma, both of 
which have very different clinical significance. 
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Cytology 

Sputum and Bronchial Secretions or Washings 

The cells desquamating from intermediate type SSC are similar to those of oat cell carcinoma, 

but are somewhat larger, with more cytoplasm, and larger nuclei with finer chromatin 
structure. There are fewer pyknotic nuclei and less necrosis of tumor cells than in 
classical oat cell carcinoma. They may form cohesive sheets or structures suggesting 
adenocarcinoma; in the Papanicolaou stain, the eosinophilic cytoplasm of some cells may be 
retained, suggesting kinship to epidermoid carcinoma (Fig. 20-8B). 

Bronchial Brushings and Fine-Needle Aspirates 

In these specimens, the cancer cells of intermediate type SSC present with a fairly 
monotonous population of small, spherical, ovoid or elongated cancer cells, singly or 
in short groups, with vesicular or hyperchromatic, coarsely granular nuclei (Fig. 20-8C). 
Small nucleoli may be present. The synchronous presence of both open and pyknotic nuclei is 
characteristic of this tumor type (Fig. 20-8D). Other characteristics that apply to both types of 
nuclei include markedly irregular configuration and marked anisonucleosis. 
Karyorrhexis (apoptosis) and necrosis is not uncommon (Fig. 20-8D), but usually not 
with the streaks of nuclear material seen in oat cell carcinoma. 

These tumor cells may have a clearly visible rim of pale cytoplasm and, as noted 
above, they may have features suggesting epidermoid or adenocarcinoma. Focal 
glandular or epidermoid differentiation, as is sometimes found in these tumors, does not affect 
treatment. 
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The subclassification of intermediate type SSC into polygonal or fusiform variants proposed by 
Zaharopoulos et al (1982) and sometimes seen in histologic sections (Fig. 20-8A) is no longer 
used. 

Sources of Diagnostic Error 

• Basal cell hyperplasia: Clusters of small cells originating in areas of basal cell hyperplasia 
of the bronchial mucosa (see Chap. 19) may be mistaken for SSC. However, these compact 
clusters of uniform cells, in some cases with peripheral columnar differentiation, are readily 
distinguished from SSC. 

■ Atypical basal cell hyperplasia may occasionally present a diagnostic problem since it can 
include reactive cells with variable size nuclei and small nucleoli. However, the cells are 
usually dislodged in tight clusters or fragments of epithelium, unlike SSCs. The 

absence of single cancer cells strongly suggests a benign abnormality. 

■ Lymphocytes: Clusters of lymphocytes seen in follicular bronchitis also may suggest 
oat cell carcinoma, but they do not form coherent groups and are easily distinguished from 
epithelial cells. They consist of a usually mixed population of mature lymphocytes and 
lymphoblasts, smaller than the cells of oat cell carcinoma, without nuclear pyknosis or 
necrosis (see Chap. 19). 

■ Lymphoma: Differentiation of intermediate type SSC from large-cell lymphoma may 
present some difficulty. The cells of lymphoma are generally well preserved and 
distinctly separate without molding. They are more uniform than cells of SSC, and 
have nuclei with invaginations and protrusions, often with prominent nucleoli (see 
below). The viable cells of carcinoma have nuclei that are more smoothly configured. 

■ Carcinoid tumors: The cells of carcinoid tumors are found in sputum only after 
bronchoscopy or other trauma. In bronchial brushings and percutaneous aspirates, 
the tumor cells are larger than the cells of SSC and form tightly coherent clusters with 
abundant well-preserved cytoplasm. Tumor cell necrosis is absent (see below). 

■ Small-cell malignant tumors that are morphologically identical with bronchogenic oat cell 
carcinoma occur in other organs (Gerald et al, 1991; Parkash et al, 1995) and are capable of 
metastases to the lung. Their cytologic presentation may be identical with that of oat cell 
carcinoma. 

Tumor cells closely resembling oat cell carcinoma may be observed in pulmonary 
cytology from children with lung metastases of neuroblastoma, embryonal 
rhabdomyosarcoma, Ewing's tumor, and Wilms' tumor. Because SSC of lung is not seen 
in childhood, the diagnosis of metastatic cancer is virtually ensured. 

ADENOCARCINOMA 

Clinical Presentation 

Adenocarcinoma of the lung is clearly associated with cigarette smoking, and has been 
increasing in frequency both in male and female cigarette smokers. Two forms of pulmonary 
adenocarcinoma may be differentiated on histologic and clinical grounds: adenocarcinomas 
of so-called central bronchial origin and peripheral bronchioloalveolar or terminal 
bronchiolar carcinomas. Both types begin within the lung parenchyma. 

For didactic purposes, the different histologic patterns of pulmonary adenocarcinoma 



1133/3276 



Koss' Diagnostic Cytology & Its Histopatl20GgraiBaB©B,f$ltteEdng: Conventional Cytology and Aspiration Biopsy 

and their cytologic presentation are described separately. In practice, except for some 
bronchioloalveolar carcinomas, cytologic separation of the two subtypes is seldom 
possible. 

Many, perhaps most, of these patients are asymptomatic at the time of diagnosis. The 
carcinomas are discovered by chest x-ray taken as part of a routine physical examination or at 
the time of hospitalization for other disease. The patients who are symptomatic with chest pain, 
dyspnea, or hemoptysis usually have advanced disease. 

The diagnosis of adenocarcinoma calls for an evaluation of tumor location, size and extent, and 
metastatic status to 

P.660 

determine surgical resectability. So far, the response of these tumors to chemotherapeutic 
agents has been modest at best, and the best hope of cure is through early detection and 
surgical resection. 

Adenocarcinomas of Central Bronchial Origin 
Histology 

In the 1999 WHO classification of lung tumors, adenocarcinomas of central bronchial origin 
were subclassified into acinar, papillary, and solid subtypes (Travis et al, 1999). Although 
the exact site of origin of these tumors is still not certain, most are peripheral (Fig. 20-9A) and 
probably arise in epithelium of sub-segmental bronchial branches or bronchioles. Asmall 
number are of mucus-gland origin. There is no difference in management or prognosis of the 
different subtypes of adenocarcinoma. The localized tumors are commonly associated with 
areas of pulmonary fibrosis or scar. They either arise in the vicinity of old scars or develop 
areas of scarring within ischemic parts of the tumor; present evidence supports the latter 
view in most cases. The histology and growth patterns of localized adenocarcinoma are similar 
to those of adenocarcinomas else where in the body, and may be difficult to distinguish from 
metastatic tumor. The issue of precursor lesions for bronchogenic adenocarcinoma is 
discussed below. 
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Figure 20-9 Adenocarcinoma of lung. A Adenocarcinoma, arising in peripheral lung 
parenchyma adjacent to and invading a major segmental bronchus. B. Acinar 
adenocarcinoma of lung, associated with a desmoplastic reaction, is histologically 
indistinguishable from adenocarcinomas of other organs. C. Papillary adenocarcinoma of 
lung. D. Solid growth pattern of a clear cell adenocarcinoma of lung. An occasional tumor 
cell is mucicarminophilic (not shown). 



The tumors may be glandular (acinar) in configuration (Fig. 20-9B), papillary (Fig. 20-9C), or 
composed of solid nests or sheets of clear cells with intracellular mucin, usually in a 
few of the cells (Fig. 20-9D). Solid sheets of tumor may show central (comedo) necrosis. Very 
often, there is a combination of patterns. Uncommonly, the tumors are exuberantly productive 
of mucin and are grossly gelatinous (Fig. 20-1 0A,B). 

Adenocarcinomas with solid growth pattern are distinguished from large-cell 
carcinoma by the presence of mucus within at least some tumor cells. The distinction is 
of little practical importance because prognosis and treatment are not affected. It may be that 
many, if not most, undifferentiated large-cell carcinomas are adenocarcinomas of solid growth 
pattern. Regardless of histologic pattern, the tumor cells vary in shape from polygonal to 
cuboidal to columnar. 

In 1976, Harwood et al described a rare form of peripheral pulmonary adenocarcinoma, 
imitating mesothelioma. 

P.661 




Figure 20-10 Adenocarcinoma of lung. A Gross appearance of mucinous (gelatinous) 
adenocarcinoma. B. Histology: strips and scattered mucin-secreting cells within a lake of 
mucus. C. Bronchioloalveolar carcinoma spreading diffusely throughout both lungs 
(autopsy specimen). D. Histologic section of the type I tumor shown in C. The tumor cells 
are columnar with basal nuclei, growing upon the intact alveolar framework. There is no 
destruction of lung tissue. 
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Cytology 

Sputum and Bronchial Secretions 

There are no consistent differences in the cytologic presentation of the subtypes of central 
adenocarcinoma. The exfoliated cancer cells in sputum and bronchial secretions are large, 
usually round or polygonal, occasionally columnar, and are found in clusters or singly in 
sputum and bronchial wash specimens. The cell clusters have a three-dimensional papillary or 
approximately spherical configuration with tumor cells superimposed upon each other (Fig. 

20-1 1AB). Cytoplasm of the cancer cells may be scanty or stripped away, but in well- 
preserved cells, it is moderate in amount, often finely vacuolated and faintly staining, 
usually basophilic. Single vacuolated tumor cells may be mistaken for macrophages, and 
on rare occasions are phagocytic, but they have the nuclear features of cancer cells (Fig. 

20-1 1C). Such cells are seen in the lumens of adenocarcinoma in histologic sections and 
represent desquamated, degenerating, mucinsecreting tumor cells. The larger mucin vacuoles 
often seem to displace the nucleus to one side, sometimes causing it to bulge out of the cell 
(Fig. 20-1 1C and 20-1 2C). This does not happen with histiocytes. We have occasionally 
observed lipid-containing vacuolated macrophages accompanying the tumor cells of 
adenocarcinoma, consistent with an endogenous lipid pneumonia (see Chap. 19). 

Macrophages may also contain phagocytized mucin, but this is unusual and a positive 
mucicarmine stain can be of help in confirming the identity of mucin-secreting cancer cells. 

In a phenomenon known as emperipolesis, tumor cells may be infiltrated by leukocytes (Fig. 

20-1 ID). 

The nuclei of pulmonary adenocarcinomas are best studied in single cancer cells. They are 
large for the size of the cells, with finely granular chromatin and usually slight to moderate 
hyperchromasia, often with prominent, single or multiple nucleoli. There may be 
indentation of the nuclear membrane and sometimes an investigation of cytoplasm 
into the nucleus, forming the so-called nuclear holes (Fig. 20-1 2A). Multinucleation is 
common. Nuclear pyknosis is rare. 

Primary adenocarcinoma of the lung may be difficult to differentiate from anaplastic 
carcinoma of large-cell type, particularly if the tumor is represented by single cells without 
cell clusters. The presence of papillary clusters or columnar cancer cells clearly favors the 
diagnosis of adenocarcinoma. 
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Figure 20-11 Cytology of adenocarcinoma of lung. A,B. Clusters of overlapping tumor 
cells with scanty, pale cytoplasm, relatively large nuclei, finely textured chromatin and 
prominent nucleoli. C. Single cancer cells with abundant finely vacuolated cytoplasm may 
mimic histiocytes, but are distinguished by nuclear abnormalities, including prominent 
nucleoli. D. Emperipolesis. Leukocytes have entered the cytoplasm of a cancer cell. (A-D: 
High magnification.) 



Bronchial Brush Specimens 

Bronchial brushing is of particular value in sampling small adenocarcinomas of the lung ( Hattori 
et al, 1971). In wellsampled specimens, the tumor cells are more abundant than in a bronchial 
aspirate or wash. The cells often appear in papillary clusters (Fig. 20-1 2A), or in sheets of 
large rounded or polygonal cells (Fig. 20-1 2B). The latter may be mistaken for mesothelial 
cells but usually form glandular patterns and lack the intercellular “windows” of mesothelium. 
Suspect tumor cells in sheets are best studied by comparing their nuclei with those of clearly 
benign bronchial cells in the same smear. The brush specimens of mucus-producing 
adenocarcinomas may yield tumor cells with large mucus vacuoles that displace the 
nucleus, superficially resembling goblet cells (Fig. 20-1 2C). Some of the papillary 
adenocarcinomas of lung may have psammoma bodies, and on rare occasions, one may find 
psammoma bodies surrounded by tumor cells in a cytology specimen (Fig. 20-1 2D). 
Depending on fixation, the nuclei may be clear and vesicular or air-dried and pale staining, but 
they are provided with readily visible and often prominent nucleoli. In the uncommon small- 
cell variant of adenocarcinoma, the nuclei are about twice the size of nuclei of hyperplastic 
basal cells and must be differentiated from them and from the tumor cells of SSC (Fig. 20-1 3A). 

Some tumor cells may resemble normal ciliated bronchial cells, but differ by their 
generally larger size, greater nuclear/cytoplasmic ratio, the presence of prominent and 
sometimes multiple nucleoli, and (most important) the absence of cilia. Ciliated cancer 
cells are very rare. 



It was previously pointed out in reference to sputum cytology that the diagnosis of bronchogenic 
squamous carcinoma should not be made in the absence of single cancer cells. A contrary 
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situation applies in the interpretation of brush specimens of bronchogenic 
adenocarcinoma, wherein the identification of cancer cell clusters is of major diagnostic 
importance. 

Percutaneous needle aspiration cytology is the same for all types of pulmonary 
adenocarcinoma and is discussed below. 

Bronchioloalveolar Carcinoma (Terminal Bronchiolar Carcinoma) 

The recognition and classification of bronchioloalveolar carcinoma (BAC) as a specific subtype 
of non-small-cell lung cancer has taken on new importance following recent advances in 
targeted, molecular-based chemotherapy. Mutations 

P.663 

in the tyrosine kinase domain of the epidermal growth factor receptor (EGFR) are believed to 
initiate a series of intracellular signaling reactions that promote cell survival and contribute to 
carcinogenesis. Two drugs designed to interface with tyrosine kinase signaling (Iressa and 
Tarceva) have had a dramatic response in patients with BAC, particularly nonsmokers. The 
drugs are ineffectual in other non-small-cell lung cancers (Ebright, 2002; Lynch, 2004; 

Zakowski, personal communication, Nov. 19, 2004). 




Figure 20-12 Cytology of adenocarcinoma of lung. A Elongated or sometimes 
spherical papillary clusters of adenocarcinoma may superficially resemble the “Creola 
bodies” (see Chap. 19). The tumor cells have coarsely granular, hyperchromatic nuclei with 
“nuclear holes” or nuclear cytoplasmic inclusions (arrow). Nucleoli are scarcely visible in 
these cells. B. Well-differentiated adenocarcinoma of lung composed of uniform glandular 
cells mimicking mesothelioma in an FNA cytology specimen. Note the glandular formations 
within the cell cluster. C. Single cells of mucus-secreting adenocarcinoma with large 
cytoplasmic vacuoles, superficially resembling goblet cells. Note that the nucleus is 
displaced to the periphery by the mucus vacuole in some cells. D. A psammoma body 
surrounded by cells of adenocarcinoma of lung in an FNA (C: mucicarmine stain, high 
magnification.) 



1138/3276 



Koss' Diagnostic Cytology & Its Histopatl26lGgratfiaBffis,f5ltteEdng: Conventional Cytology and Aspiration Biopsy 

Histology 

These tumors arise in bronchiolar or alveolar epithelium of peripheral lung tissue and may 
present as a localized mass or masses in lung parenchyma similar to central 
adenocarcinoma (see Fig. 20-9A) or as a diffuse pneumonic type of infiltrating carcinoma 
that represents intrapulmonary spread (see Fig. 20-1 OC). In the diffuse type of lung cancer, 
there is extensive replacement of large portions of the pulmonary parenchyma by 
adenocarcinoma. The proliferating tumor cells are uniform and orderly in appearance and 
utilize the alveolar framework for support so that at least initially, the basic architecture 
of the lung remains well preserved, so-called lepidic spread (see Fig. 20-1 0D). Tumor 
cells often form papillary projections into the alveolar space. These diffusely spreading 
bronchioloalveolar carcinomas may be divided into two types (Manning et al, 1984): type I, 
characterized by tall, mucus-producing cells with basal nuclei lining the tumor septa 
(see Fig. 20-1 0D); and type II, wherein the septa are lined by smaller, cuboidal cancer 
cells with more centrally located nuclei (see below). The 1999 WHO classification of these 
tumors retained this division as mucus-producing and non-mucus-producing 
bronchioloalveolar carcinomas. Surfactant apoproteins can be demonstrated in the latter, 
consistent with origin in Clara cells and type II pneumocytes (Mizutani et al, 1988). A mixed form 
of these tumors has also been recognized. As the tumor progresses, there is invasion and 
destruction of lung parenchyma, and the proliferating tumor cells become more malignant in 
appearance and form solid tumor masses. As with the other non-small-cell lung cancers, 
survival depends on successful surgical resection and results are best for the small, localized 
tumors. 
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Figure 20-13 Bronchioloalveolar carcinoma, type II. A Sputum showing a cohesive 
group of small tumor cells with scanty cytoplasm and uniform hyperchromatic nuclei. The 
nuclei are only 1.5 to 2.5 times the size of bronchial basal cell nuclei and may be mistaken 
for small-cell (oat cell) carcinoma (SCC), but do not have the other features of SCC (see 
Fig. 20-7). B. Sputum with a cluster of glandular cancer cells that have delicate chromatin, 
prominent nucleoli and scanty, pale-staining cytoplasm. C. Sputum: a cluster of 
disarranged, overlapping glandular cancer cells with variably sized nuclei and a moderate 
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amount of pale, eosinophilic cytoplasm. D. Bronchial brush specimen with loosely coherent 
cells of adenocarcinoma with uniform, round nuclei that are only slightly larger than the 
nuclei in the nearby benign bronchial cells. The tumor cells show delicate nuclear 
chromatin, prominent nucleoli, and very scanty, lightly stained cytoplasm. 



Years ago, the well-differentiated (type I) tumors, made up of uniform, columnar, mucus- 
secreting cells growing along alveolar septa, were classified as pulmonary adenomatosis. 

Many of these patients died of respiratory failure without evidence of metastases, and there 
was a question about whether the tumors were malignant. This form of adenocarcinoma has 
striking morphologic similarity to a communicable viral disease of sheep, first observed in 
South Africa under the name jaagsiekte (the “driving disease” in Afrikaans, so called because 
the frantic, oxygen-deprived sheep break into a gallop just before death). The concept of 
“pulmonary adenomatosis” is now obsolete, as all types of bronchioloalveolar carcinomas 
are capable of metastasis. 

Cytology 

Sputum and Bronchial Secretions 

Sputum is by far the best diagnostic medium for this group of tumors. In nonmucus-producing 
type II tumors, the sputum contains variable numbers of well-demarcated, rounded, or 
papillary clusters of tumor cells. Such clusters are composed of overlapping small, round, 
or roughly cuboidal cancer cells with scanty clear or lightly stained cytoplasm and 
moderately hyperchromatic nuclei with one or two small nucleoli (Fig. 20-13A-C). Small- 
cell adenocarcinoma (see Fig. 20-1 3A) may have to be differentiated from small-cell (oat cell) 
carcinoma, but cell groups of adenocarcinoma are tightly clustered, and the component cells 
lack the molding and necrosis so characteristic of SSC. As already noted, some of the papillary 
clusters of cancer cells may resemble and must be distinguished from the so-called Creola 
bodies (see below and Chap. 19). Other, loosely coherent cell clusters may be flat, composed 
of relatively uniform cells with usually distinct cell borders and finely textured nuclei with small 
nucleoli (Fig. 20-1 3D). Isolated single cancer cells are few, and may be difficult to 
identify in this tumor type. Thus, the diagnosis rests on identifying tumor cell clusters. 
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In the mucus-producing type I bronchioloalveolar carcinoma, characterized by tall 
columnar mucus-secreting cells (see Fig. 20-1 0D), the cytologic presentation is different. The 
sputum contains single recognizable malignant cells as well as cell clusters. The tumor cells are 
larger than those of type II carcinoma and have abundant mucus-producing clear cytoplasm 
(Fig. 20-1 4A). They have one or two finely textured nuclei with sharply defined nuclear 
membranes and visible or sometimes prominent nucleoli (Fig. 20-1 4B). Tumor cell clusters may 
be composed of overlapping cells or of flat coherent groups of cells with a glandular or acinar 
configuration (Fig. 20-1 4C). Columnar cancer cells are uncommon. Some may have a flat free 
cell border and mimic benign bronchial cells, but they do not have cilia or a terminal bar. We 
have seen only a single case of pulmonary adenocarcinoma with cilia on the surface of tumor 
cells (which were accompanied by conventional cancer cells), and it was clearly an exception to 
the very good rule that ciliated cells should not be considered malignant. 

Bronchia! Brush Specimens 
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The tumor cells in bronchial brush specimens are similar to those described above, except that 
the collection procedure results in formation of flat groups and strips. Figure 20-1 5A illustrates 
an example of bronchial brush cytology in type II bronchioloalveolar carcinoma. The cancer 
cells have relatively large nuclei, easily visible nucleoli, and a moderate amount of pale-staining 
cytoplasm. Some may have a columnar or cuboidal configuration. The smaller nuclei of benign 
bronchial cells that are present are useful for comparison. Figure 20-1 5B is an example of 
bronchioloalveolar carcinoma, type I. The cells are large with abundant transparent cytoplasm 
and spherical nuclei, some with nucleoli. The differential diagnosis must include metastatic 
mucin-secreting adenocarcinoma, including colonic carcinoma (see below). The tumor cells in 
bronchial brush specimens of bronchioloalveolar carcinoma may mimic normal bronchial 
cells, but their presence in sheets of cells, absence of cilia and terminal bar, and their 
nuclear features identify them as adenocarcinoma. 




Figure 20-14 Bronchioloalveolar carcinoma, type I, showing large mucus-secreting, 
single cancer cells with abundant clear or vacuolated cytoplasm, and large round or ovoid 
nuclei with delicate chromatin, distinct nuclear membrane and prominent nucleoli. The 
cluster of cells in C mimics an acinus. 



Percutaneous Fine Needle Aspirates 

Bronchogenic adenocarcinoma is the most frequently seen primary tumor in percutaneous 
needle aspirates of the lung. If the aspirate is performed well, there should be an 
abundance of tumor cells, similar to the tumor cells illustrated above in bronchial brush 
specimens. One should be cautious of making a diagnosis based on a few isolated cells in a 
milieu of otherwise benign epithelial and inflammatory cells. As in other specimens, cytologic 
criteria for identification of the tumor type depend on the degree of differentiation: gland- 
forming cancers are characterized by papillary, glandular, or rosette -I ike cell clusters 
and usually few single cuboidal or columnar cancer cells. In some cases, the delicate 
cytoplasm of these glandular cancer cells may be damaged or lost, and the smear then 
contains sheets or clusters of stripped 
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nuclei with prominent nucleoli (Fig. 20-1 6A). Well-preserved cells may retain their columnar 
or cuboidal shape and form chains of cells (Fig. 20-1 6B) or gland-like patterns, not usually seen 
in undifferentiated large-cell carcinoma. The latter have denser staining, sharply defined 
polygonal or irregularly configured cytoplasm. In many instances, these two sometimes 
arbitrarily divided types of cancer cannot be differentiated. 




Figure 20-15 Brush cytology of bronchioloalveolar carcinoma, type II {A} compared 
with type I ( B ). Note the larger, mucus-producing cancer cells in B. 




Figure 20-16 FNAs of bronchioloalveolar carcinoma are similar to bronchial brush 
specimens but more cellular. A Nuclei may be stripped of cytoplasm but retain their fine 
chromatin structure and prominent nucleoli. B. Cuboidal and columnar mucin-secreting 
cells of type I bronchioloalveolar carcinoma in linear and pseudoglandular arrangement. C. 
Single large cells of adenocarcinoma. Note the abnormal mitotic figure. D. Diff-Quik stain of 
a wet-fixed smear. 



In the mucus-producing type I tumors, the cancer cells in FNA specimens tend to be 
larger and often of cuboidal or columnar configuration with abundant pale-staining 
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amphophilic cytoplasm that may be solid or 
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finely vacuolated (Fig. 20-1 6C,D), or may contain large mucus vacuoles. On occasion, single 
cancer cells resembling macrophages are found in aspirates of usually well-differentiated 
tumors. They are approximately oval or rounded large cells with abundant cytoplasm and large 
nuclei with coarse chromatin and visible or prominent nucleoli. They differ by their nuclear 
features from the macrophages that are invariably present, with which they can be compared, 
and they are almost always accompanied by other more obvious cancer cells. In methyl green 
pyronin, or Diff-Quik stain, cytoplasmic features may not be well demonstrated. 

It must be stressed that it is not always possible to distinguish bronchioloalveolar carcinoma 
from other forms of bronchogenic adenocarcinoma, or from some metastatic tumors. Zakowski 
emphasizes the presentation in flat sheets of cells in imprint cytology, with irregular nuclei, 
nuclear grooves, and intranuclear cytoplasmic inclusions (personal communication). The tumor 
location and growth pattern as observed in the chest x-ray may be of help in distinguishing 
these tumor subtypes. 

An unusual case of adenocarcinoma in which the needle aspiration cytology mimics 
mesothelium is illustrated in Figure 20-1 2B. This pseudomesotheliomatous lesion is of 
importance in the differential diagnosis of mesothelioma and is discussed in Chapter 26. 

Sources of Diagnostic Error 

The cytologic presentation of bronchioloalveolar and bronchogenic adenocarcinoma is similar, 
as noted above, and pitfalls in diagnosis of both tumor types may be discussed together. 

In specimens of sputum, perhaps the most difficult diagnostic problems occur with the 
spherical clusters of bronchial cells desquamated from hyperplastic bronchial mucosa 
in bronchiectasis, asthma, and other chronic respiratory disorders (Creola bodies) (see 
Chap. 19). Such clusters differ from papillary clusters of cancer cells in that they are composed 
of generally uniform cells without significant nuclear abnormalities and particularly without 
the prominent nucleoli that characterize the cells of adenocarcinoma. Furthermore, in 
clusters from adenocarcinoma, the cells are often superimposed upon one another, whereas 
the benign cells from hyperplastic mucosal lesions are usually arranged in an orderly “flat” 
fashion. Peripheral palisading of columnar cells, the presence of ciliated cells in the 
cluster, and the presence of identifiable goblet cells speak in favor of a benign 
condition. Ultimately, the presence of clearly malignant cells is of critical diagnostic 
importance, whether they are found singly or in the clusters that characterize most specimens 
from adenocarcinomas. 

Chemotherapeutic drugs, particularly busulfan (Myleran), may induce bronchial cell 
abnormalities reminiscent of adenocarcinoma (see Chap. 19). 

Also important in the differential diagnosis of adenocarcinoma is hyperplasia of 
pneumocytes type II, which occurs under various circumstances discussed at length in 
Chapter 19. The reactive pneumocytes are large cells with prominent nucleoli occurring 
singly and in small clusters. They may be seen in cytologic specimens from patients with a 
broad variety of benign lung disorders, including viral pneumonitis, adult respiratory distress 
syndrome (Stanley et al, 1992), chronic obstructive bronchiolitis, pulmonary infarction, and as 
an effect of treatment. Although atypical pneumocytes in those specimens may mimic the cells 
of adenocarcinoma, they are usually few in number. In cases of viral pneumonia or other febrile 
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illnesses, the cytologic abnormalities are transient and usually persist no longer than 2 or 3 
weeks. Thus, repeat follow up examination may clarify the issue. Diffuse opacity of lung fields 
in the absence of a discrete tumor should serve as a warning that one may be dealing with a 
benign process. 

Another potential source of cytologic error is the not uncommon presence of a few large 
bronchial cells with large nuclei (see Chap. 19). Such cells retain their columnar or cuboidal 
shape and, if they are ciliated or at least provided with a terminal plate, it is an indicator of 
benign atypia rather than cancer. Variations of nuclear size and abnormal nucleolar features 
that are diagnostic of adenocarcinoma are usually absent in an inflammatory or reactive atypia. 

Objective and measurable cytomorphologic differences between reactive and neoplastic cells 
have been reported, but they are not entirely consistent (Zaman et al, 1997; Fiorella et al, 

1998). A good rule to follow when cytologic evidence of cancer is scanty is to take a 
conservative approach to the diagnosis. 

Differentiation of primary from metastatic adenocarcinoma of similar histologic type is 
clinically important but may prove impossible on cytologic grounds alone. If the past 
history of the patient or radiologic findings suggest the possibility of metastatic tumor, the 
burden of proof lies with the diagnosis of a new primary carcinoma of lung. Cytologic features 
that characterize the most common types of metastatic carcinomas in the lung are described 
later on in this chapter. 

Precursor Lesions of Bronchogenic Adenocarcinoma 
Histologic Observations 

Friedrich (1939), Rossle (1943), and later Spencer (1985) pointed out the association of 
peripheral lung cancers, mainly adenocarcinomas, with subpleural scars. Alveolar 
interstitial fibrosis is almost always present at the margins of scarring in the lung, regardless of 
cause, and is associated with reparative hyperplasia of bronchiolar and alveolar epithelial 
cells, a change that was thought to precede neoplasia in some cases. The occurrence of 
bronchioloalveolar carcinoma in patients with scarring due to tuberculosis, cystic lung disease, 
or long-standing scleroderma (progressive systemic sclerosis) of the lung are cited as examples 
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of neoplasia arising in the epithelial hyperplasia that accompanies alveolar septal fibrosis 
(Meyer and Liebow, 1965; Talbott and Barrocas, 1980; Bielefeld, 1991; Paksoy etal, 1995). 

However, Shimosato et al (1982) have made a persuasive argument that most scars 
associated with lung cancer are formed after the tumor develops, and are caused by 
fibrosis of areas of tumor necrosis. Our own experience in the early lung cancer program at 
Memorial Sloan-Kettering Cancer Center, described below, is consistent with this view, since 
the vast majority of new lung cancers had no evidence of prior lung scar. 

Meyer and Liebow (1965) described “atypical acinar proliferation” in lungs with honeycombing 
and interstitial fibrosis, and considered it to be a precursor of peripheral lung cancer. Later, 

Shimosato (1982) suggested that atypical adenomatous hyperplasia (AAH) of 
bronchoalveolar epithelium may arise in otherwise unremarkable lung tissue as a precursor 
of peripheral adenocarcinomas of the lung. The atypical is characterized by a layer of 
prominent cuboidal or columnar cells lining the terminal bronchioles and adjacent alveoli (Fig. 

20-17), with or without slight interstitial fibrosis. The nuclei of these cells are often enlarged and 
somewhat hyperchromatic and may contain visible nucleoli, but rarely reach the level of 



1144/3276 



Koss' Diagnostic Cytology & Its HistopatffiSGgTciiBaBSBflHtteEdng: Conventional Cytology and Aspiration Biopsy 

abnormality observed in adenocarcinoma. At the time of this writing (2004), there is consensus 
that the origin of most bronchioloalveolar carcinomas is from the epithelium of terminal 
bronchioles and the lining of adjacent alveoli, and that AAH is the likely precursor 
lesion of at least some peripheral adenocarcinomas (Shimosato et al, 1982; Noguchi et al, 

1995). 

The original suggestions by Montes et al (1977), Sidhu and Forrester (1977), and Jacques and 
Currie (1977) that pneumocytes type II as well as Clara cells may participate in the 
pathogenesis of bronchioloalveolar carcinoma have been amply confirmed by 
histochemistry, electron microscopy, and immunopathology (Bolen and Thorning, 1982; 

Espinoza et al, 1984; Linnoila et al, 1992). Both cell types have been demonstrated in the 
nonmucinous variant of bronchioloalveolar carcinomas (Singh etal, 1981; Dermer, 1982; 

Espinoza et al, 1984), although some tumors are preferentially composed of pneumocytes or of 
Clara cells (summary in Axiotis and Jennings, 1988). Ogata and Endo (1984) observed Clara- 
type cells in other forms of bronchogenic carcinoma. 




Figure 20-17 Atypical adenomatous hyperplasia of alveolar epithelium, a putative 
precursor of bronchioloalveolar carcinoma. 



It must be pointed out that atypical adenomatous hyperplasia is similar to the hyperplasia 
of alveolar lining epithelium observed in certain inflammatory and chronic obstructive 
pulmonary diseases, discussed in Chapter 19. In the examples of the benign reactive 
processes described, the sputum contained abnormal pneumocytes type II with large 
nuclei and nucleoli, mimicking cells of adenocarcinoma, without evidence of 
progression to cancer. Thus, the entity of AAH may be difficult, and in some cases 
impossible, to differentiate from atypical reactive hyperplasia and, like other precancerous 
lesions, it may not always progress to carcinoma. 

Cytology 

Once in a while, abnormal ciliated bronchial cells may be observed in bronchial washings or 
brushings from patients with lung cancer. The affected ciliated cells have enlarged and 
hyperchromatic nuclei and sometimes show an abnormally coarse nuclear chromatin pattern 
or prominent nucleoli. In an unpublished study, Koss found marked nuclear atypia of bronchial 
cells in bronchial washings and aspirates from 4 of 100 consecutive patients with lung cancer, 
and moderate atypia in 19 others. Similar abnormalities of ciliated cells may be observed 
in isolated instances of cancer metastatic to the lung, but also in obstructive 
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pulmonary disease, acute radiation reaction, and chemotherapy effect (see Chap. 19). 

However, in a patient who has no other evidence of lung disease, a finding of marked 
bronchial cell atypia, although not diagnostic of cancer, should alert one to the 
possibility of an early occult adenocarcinoma. 
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ADENOSQUAMOUS CARCINOMA 

The term adenosquamous carcinoma is used to define bronchogenic carcinomas combining 
features of both epidermoid carcinoma and adenocarcinoma. While many undifferentiated 
large-cell carcinomas exhibit minor areas of glandular or squamous differentiation, the 
adenosquamous diagnosis is reserved for those tumors composed predominantly of the 
two cell types. Most show evidence of mucin secretion by special stains in addition to frank 
keratinization, and some have minor components of undifferentiated large-cell or even 
SSC. Their cytologic presentation varies depending on the histologic pattern. 

Mucoepidermoid Carcinoma 

The true mucoepidermoid carcinomas of lung are rare tumors, accounting for less than 0.2% of 
primary lung cancers (Colby et al, 1995). They arise in major bronchi or their branches, either 
from mucus glands in the bronchial wall or from the mucus-secreting surface epithelium, and 
form polypoid masses in the bronchial lumen. 




Figure 20-18 Mucoepidermoid carcinoma of lung in a 61-year-old woman. A. Atumor 
of bronchial mucus glands similar to the corresponding tumor of salivary gland origin 
composed of mucinsecreting glandular and epidermoid tumor cells. In bronchial brush 
specimens, the presence of both mucin-secreting ( B,C ) and epidermoid or squamous ( D ) 
cells may be observed. 



Histology 

As is suggested by their name, the mucoepidermoid carcinomas mimic similar tumors of salivary 
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gland origin (see Chap. 32), and are composed of a mixture of differentiated and 
undifferentiated (intermediate) squamous cancer cells with interspersed mucinous 
glands or mucin-secreting single cells (Fig. 20-1 8A). The low-grade tumors are localized, 
predominantly mucin-secreting, and have a generally good prognosis following resection. High- 
grade tumors, usually characterized by a poorly differentiated squamous component 
with interspersed mucicarminophilic cells are invasive, capable of metastasis, and 
resemble adenosquamous carcinomas of the lung, differing primarily in their gross 
presentation as a polypoid intrabronchial mass. 

Cytology 

We have seen brush cytology from a 61 -year-old woman with this diagnosis. The dominant 
cancer cells were of a mucus-producing adenocarcinoma (Fig. 20-1 8B,C). There were only a 
few isolated, keratinized cancer cells (Fig. 20-1 8D). The patient was treated by surgery, but the 
tumor rapidly recurred with a pleural effusion. The diagnosis of 
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these uncommon tumors depends on finding within the same specimen cells of squamous 
and adenocarcinoma. 

GIANT-CELL CARCINOMA (SPINDLE AND GIANT-CELL CARCINOMA) 

These uncommon malignant tumors of lung constitute not more than 2% of all lung cancers. 

They may be considered a subset of undifferentiated large-cell carcinomas, and are 
characterized by the presence of very large, often multinucleated, bizarre tumor giant 
cells with equally bizarre nuclei and frequently very large nucleoli (Fig. 20-19). In the 
spindle and giant-cell variant, there is a sarcomatoid component of spindly, elongated cancer 
cells resembling sarcoma (Fig. 20-1 9C). Ozzello and Stout (1961) first documented the 
epithelial origin of these tumors, which was later confirmed by immunochemical expression of 
epithelial antigens (Fishback et al, 1994). Although the tumors have a bizarre appearance, 
common to all spindle and giant-cell tumors of various organs, their prognosis appears to be 
about the same as that of other non-small-cell lung carcinomas (Hellstrom and Fisher, 

1963; Herman et al, 1966; Ginsberg et al, 1992). 
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Figure 20-19 Giant-cell carcinoma of lung. A. Histologic section showing bizarre tumor 
giant cells with large nuclei. B. Bronchial brush specimen in same case. C,D. Histologic 
section and bronchial brush cytology of a sarcomatoid giant-cell carcinoma. Compare the 
huge size of cancer cells with normal bronchial cells. 



In sputum, bronchial aspirates, bronchial brush specimens, or needle aspiration cytology, the 
presence of isolated very large, single or multinucleated tumor cells with huge bizarre 
nuclei is virtually diagnostic of this neoplasm (Fig. 20-20B,D). Smaller, undifferentiated 
malignant cells are almost always present as well. Spindly tumor cells are rare. Although it 
has been suggested that these tumors may represent a bizarre variant of adenocarcinoma, we 
have not found cytologic evidence to support this in our material, nor have Broderick et al 
(1975) or Naib (1961). In one of our cases, the tumor was accompanied by a squamous 
carcinoma in situ, strongly suggesting that the tumor was of squamous derivation. 

Differential Diagnosis 

Spindle and giant-cell carcinomas of other organs (e.g., the thyroid, esophagus, uterine 
cervix) may metastasize to the lung, as do many sarcomas, any of which may shed cells 
identical with those described above. These are rare tumors, however, and it is usually obvious 
clinically that the lung lesion is a metastasis. Perhaps the most important differential diagnosis 
is the effect of radiotherapy on more common types of primary lung cancer. Irradiation and 
sometimes chemotherapy may produce huge distorted 
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tumor giant cells that in the absence of clinical data cannot be differentiated from giant-cell 
carcinoma. 




Figure 20-20 Early lung cancer detected in the ELCAP program. A Spiral CT 
radiograph showing a well-delineated “ground glass” density (less than 1 cm in diameter). 
B. FNA showing monolayered clusters of uniform epithelial tumor cells with nucleoli and 
intranuclear cytoplasmic inclusions. C. FNA showing clusters of uniform tumor cells with 
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well-defined nuclear membrane, and some with pinpoint nucleoli. D. Histologic section of 
the resected tumor revealed a well-differentiated bronchioloalveolar carcinoma. (B: Diff- 
Quik stain; C: H&E.) (Case courtesy of Dr. Madeline Vazquez, New York Hospital, New 
York, NY.) 



SECOND PRIMARY LUNG CANCERS 

Individuals who have had non-small-cell lung cancer and survived following resection are at 
increased risk of another lung cancer, which was estimated at about 2% per year by Pairolero 
et al (1984). Martini and Melamed (1975) reported a series of 50 patients with multiple primary 
lung cancers, 18 synchronous and 32 metachronous. In 31 patients, the second carcinoma was 
of the same histologic type, mostly squamous. In the remaining 19 patients, the histology was 
different. Similar observations were made by Broghamer et al (1985) who reported cytologic 
studies on 17 of 23 patients with second primary lung cancers. In 10 cases, cytologic diagnosis 
preceded histologic verification. Cytology is mandatory in monitoring patients after curative 
resection of lung cancer. It can present diagnostic difficulties in patients treated by adjuvant or 
postoperative irradiation. 

PRECURSOR STAGES OF BRONCHOGENIC SQUAMOUS CARCINOMA 

It is logical to assume that bronchogenic carcinomas, in common with other malignant epithelial 
tumors, are preceded by a sequence of epithelial changes during malignant 
transformation before invasion. Little is known about the histologic abnormalities occurring 
in the formative stages of adenocarcinoma, although atypical adenomatous hyperplasia 
is a presumed precursor lesion (see above). Virtually nothing is known about the precursor 
stages of SSC. The best information is available for squamous carcinoma and the precursor 
lesion known as squamous carcinoma in situ. 

Historical Overview 

In 1935, a Finnish investigator, Lindberg, observed that squamous metaplasia is a frequent 
finding in the bronchi of patients with lung cancer. Subsequent histologic studies, 
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notably by Auerbach et al (1957) and by Nasiell (1966), supported this observation and 
squamous metaplasia was considered to be an important step in the genesis of bronchogenic 
squamous carcinoma. The possible mechanism of formation and frequency of occurrence of 
squamous metaplasia were discussed in Chapter 19. 

Auerbach et al (1957, 1961) systematically mapped epithelial changes in the bronchial tree of 
cigarette smokers at autopsy, and found varying degrees of cytologic abnormality in patchy 
areas of the bronchial epithelium. However, even in the most severely affected bronchi, large 
areas of normal or nearly normal respiratory epithelium were present. There was no good 
explanation for the patchy distribution of epithelial abnormalities but, because the sites of 
bronchial division (bronchial spurs) were most frequently affected, it was thought that local 
variation in airflow might play a role in this phenomenon. The epithelial abnormalities were most 
frequent and most severe in patients who had invasive squamous carcinoma. Auerbach's work 
suggested that histologically identifiable bronchial epithelial abnormalities precede the 
development of epidermoid carcinoma. It was generally assumed that the initial 
carcinogenic event was squamous metaplasia that progressed to atypical metaplasia. 



1149/3276 



Koss' Diagnostic Cytology & Its Histopatl20GgraiBaB©B,f$ltteEdng: Conventional Cytology and Aspiration Biopsy 

In the most severe of these epithelial changes, the entire thickness of the epithelium 
was occupied by abnormal cells resembling the cells of invasive carcinoma, and this 
lesion was termed carcinoma in situ. A somewhat similar sequence of events was observed 
in experimental carcinogenesis of the trachea in hamsters (Schreiber et al, 1974; McDowell and 
Trump, 1983). 

Saccomanno et al (1974) described their experience with long-term cytologic studies of a large 
population of uranium miners in comparison with cigarette smokers and nonsmokers. They 
proposed a sequence of epithelial events in the development of bronchogenic epidermoid 
carcinoma, which is summarized in Table 20-3. 

On the basis of cytologic data, Saccomanno et al (1974) recorded the time of transition from 
moderate cytologic atypia to invasive epidermoid carcinoma at 4.8 years (ranging from 0.3 to 9 
years) and from carcinoma in situ to invasive epidermoid carcinoma at 2.5 years (ranging from 
0.5 to 6.2 years). Updated figures, based on cytologic and clinical observation of a larger group 
of patients and kindly provided by Dr. Saccomanno in 1977, suggest somewhat longer average 
times of transition: 9.4 years for transition from moderate atypia to invasive carcinoma and 3.2 
years for transition from carcinoma in situ to invasive carcinoma. A similar sequence had been 
suggested previously by Koprowska et al (1965) and by Nasiell (1966). 



TABLE 20-3 SEQUENCE OF EPITHELIAL EVENTS IN THE DEVELOPMENT OF 
BRONCHOGENIC EPIDERMOID CARCINOMA 

Squamous metaplasia 

I 

Squamous metaplasia with mild atypia 

I 

Squamous metaplasia with moderate atypia 

1 

Squamous metaplasia with marked atypia 

1 

Squamous carcinoma in situ 

I 

Invasive squamous carcinoma 
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The concept of squamous metaplasia as a precursor lesion of bronchogenic carcinoma 
was subsequently challenged by Melamed et al (1977). In a detailed histologic study of the 
resected lobectomy specimens from patients with in situ or incipient invasive epidermoid 
carcinoma of lung, they found no transition from squamous metaplasia or basal 
hyperplasia to carcinoma. On the contrary, the carcinomas seemed to arise de novo 
from transformed basal (reserve) cells of the bronchial epithelium. Further, squamous 
metaplasia, which is a common finding in the absence of carcinoma, was seen predominantly in 
the mainstem and lobar bronchi, whereas the earliest in situ and focally invasive carcinomas 
were found to arise in more distal segmental and subsegmental bronchi. Melamed et al 
concluded that neoplastic transformation of bronchial epithelium induced by respired 
carcinogens (such as tobacco smoke) proceeds independently of squamous metaplasia 
and basal hyperplasia. The latter were believed to be a nonspecific reaction to the irritating 
smoke. These views received support from the observations of an abrupt transition between 
normal respiratory epithelium and carcinoma in situ without intervening squamous 
metaplasia, and from the location of squamous metaplasia commonly in mainstem and 
lobar bronchi, whereas in situ carcinoma was most commonly found more distally in 
subsegmental bronchi (Fig. 20-21). It is also known from Auerbach's work that the frequency 
of atypical metaplasias in the bronchial tree of smokers vastly exceeds the expected number of 
invasive bronchogenic cancers. Hence, it is reasonable to assume that few of these lesions 
progress to carcinoma and the outcome in any given case is unpredictable. The readers should 
be cautioned, however, that many pathologists still regard squamous metaplasia to be an 
essential precursor of squamous lung cancer. 

Despite differing views on the pathogenesis of lung cancer, most pathologists are in agreement 
on the criteria for diagnosis of in situ carcinoma of the bronchus, which may be well or poorly 
differentiated. Some pathologists prefer the term dysplasia for the well-differentiated 
carcinomas in situ. The cytology of these lesions is discussed below. 

The natural history of bronchogenic squamous carcinoma in situ, the probability of 
progression, and the time required for progression to invasive cancer are not yet 
known. Certainly, not all atypical squamous metaplasias will progress to in situ or invasive 
cancer, and there are only a very few patients with biopsy-confirmed carcinoma in situ who 
have been followed without treatment (because of medical 
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contraindications or refusal of surgery). In one well-documented case seen by one of us 
(M.R.M.), and in another seen by Woolner at the Mayo Clinic (personal communication), the 
time of progression from in situ to invasive carcinoma was at least 5 years. In two other cases 
seen by one of us (LGK), time intervals of 4 to 6 years elapsed from cytologic diagnosis of 
bronchogenic carcinoma until clinical cancer developed. Nasiell et al (1977) reported time 
intervals of 8 to 9 years from cytologic diagnosis of bronchogenic carcinoma in situ to the 
clinical diagnosis of cancer. One of his patients with documented bronchogenic carcinoma in 
situ was followed for 13 years without clinical evidence of invasive cancer. These anecdotal 
experiences suggested a transit time of 5 to 10 years for progression of in situ to 
invasive squamous carcinoma. In a mathematical model based on data from the Memorial 
Sloan-Kettering early lung cancer study, Flehinger and Kimmel (1987) and Flehinger et al 
(1988) estimated a minimum of 4 years duration for the early stage of lung cancer. Thus, 
there appears to be ample opportunity for early detection and treatment of at least some lung 
cancers (see below). There is still very limited experience with treatment of carcinoma in situ by 
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locally ablative photodynamic therapies (Cortese and Edell, 1993). With few exceptions, even 
very limited foci of in situ or microinvasive carcinoma require lobectomy. Further, eradication of 
in situ or invasive carcinoma in one bronchus does not exclude the possibility of 
additional carcinomas occurring in other areas of the bronchial tree (see above, second 
primary lung cancers). Thus, the management of bronchogenic squamous carcinoma in situ is 
still a dilemma, and likely to remain so for many years. 




Figure 20-21 A-C. Diagrammatic presentation of three cases of occult bronchogenic 
carcinoma in situ discovered by sputum cytology. The lesions, shown in black, are 
surrounded by normal bronchial epithelium. Areas of squamous metaplasia (gray area) 
seen in /land B are separated from carcinoma in situ by a zone of normal bronchial 
epithelium. B1, B2, B3, etc, refer to segmental bronchi. Small capital letters in the drawings 
refer to sequential tissue blocks. (Modified from Melamed et al. Radiologically occult in situ 
and invasive epidermoid lung cancer: Detection by sputum cytology in a survey of 
asymptomatic cigarette smokers. Am J Surg Pathol 1:5-16, 1977.) 
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Figure 20-22 Sequential cytologic abnormalities observed in experimental carcinogenesis 
of the respiratory tract in Syrian golden hamsters, induced by intratracheal injections of 
benzo[a]pyrene and ferric oxide. The tumors closely resemble human lung cancers. A 
Normal ciliated respiratory cell, a goblet cell, and a macrophage. B,C. Cells from areas of 
squamous metaplasia of the trachea after 7 weeks of carcinogen application; the cells in C 
show considerable nuclear abnormalities. D-F. Increasing cell abnormalities after 12, 15, 
and 18 weeks of carcinogen application. G. Cells and (H) tissue of squamous carcinoma 
located at carina of the trachea. (A-F: Oil immersion; H: high magnification.) (Modified from 
Schreiber H, Nettlesheim, P. Anew method for pulmonary cytology in rats and hamsters. 
Cancer Res 32:737-745, 1972. Courtesy of Dr. H. Schreiber, Oak Ridge, Tenn.) 
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Cytology of Sputum 

As noted, Saccomanno proposed some of the most detailed diagnostic criteria for cytologic 
identification of the presumed precursors of bronchogenic epidermoid carcinoma and described 
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their progression to invasive carcinoma. His work was primarily with uranium miners in western 
Colorado who were exposed to naturally occurring radon gas, but were also cigarette smokers. 
Saccomanno's views received support from cytologic studies of experimental carcinoma of the 
respiratory tract in hamsters, conducted by Schreiber et al (1974) (Fig. 20-22). He considered 
squamous metaplasia of the bronchial epithelium to be an important link in the chain of events. 

Simple Squamous Metaplasia 

In the absence of nuclear atypia, squamous metaplasia cannot be considered a 
precancerous lesion. As discussed in Chapter 19, it is a common finding, particularly among 
individuals exposed to irritating dusts or gases, or subject to recurrent respiratory tract 
infections. The cytologic presentation of simple squamous metaplasia without atypia was 
described and illustrated in Chapter 19. 

Squamous Metaplasia With Atypia 

In contrast to simple squamous metaplasia, a finding of squamous metaplasia with 
nuclear abnormalities should raise the possibility of a precancerous lesion. Atypical 
squamous metaplasia may accompany squamous carcinoma in situ (see below), or in some 
cases of apparent progression to invasive carcinoma, it may already represent carcinoma 
in situ. In other instances, there is regression of atypical squamous metaplasia, or at least no 
apparent progression of the lesion. Risse et al (1988) followed a group of 46 patients with a 
diagnosis of “severe dysplasia” by sputum cytology, and 21 eventually developed lung cancer 
while 25 did not. 



A 





Figure 20-23 Atypical squamous metaplasia. A. Bronchial brushing of RUL segmental 
bronchus from a 53-year-old man who subsequently was diagnosed with SSC of the left 
upper lobe. The cells are coherent, but small and disorderly with relatively large, coarsely 
textured, hyperchromatic nuclei and amphophilic cytoplasm. B. Histologic section of the 
same site. The lesion could be classified either as atypical metaplasia or early carcinoma in 
situ. 



Cytology 

Squamous metaplasia is manifested in sputum and bronchial specimens by loosely structured 
clusters of small squamous cells with variably sized atypical nuclei (Fig. 20-23). The 
clusters have a mosaic pattern and one straight edge, a configuration suggesting origin 
from the surface of the bronchial mucosa (see Chap. 19). The distinction between 
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markedly atypical squamous metaplasia and carcinoma in situ often is subtle, and a 
matter of judgment. The presence of single, well-differentiated abnormal cells (with or 
without similar cells in clusters) points toward the diagnosis of squamous carcinoma in 
situ; the cells derived from atypical squamous metaplasia are less well differentiated 
and more likely to remain in coherent groups. 

As a practical matter, all patients with atypical squamous cells in sputum or bronchial 
samples should be carefully followed. Repeat examinations of additional cytology 
specimens will be necessary to ensure that sampling is adequate, and they must be diligently 
searched for single cancer cells. In some instances, a very few single malignant cells have 
been identified in specimens several years before bronchogenic carcinoma was 
diagnosed. It is not known whether the exfoliated cells came from a precursor lesion or an 
occult and indolent invasive carcinoma. Several examples of markedly atypical squamous cells 
interpreted as atypical metaplasia preceding carcinoma in situ were reported from the 
Cooperative Early Lung Cancer study. In our own experience in that same study, however, the 
cancer cells appeared abruptly in the sputum of patients without prior significant 
atypia. 
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Differential Diagnosis 

There are many conditions that may mimic atypical squamous metaplasia. These include 
small squamous cells from the deep layers of buccal epithelium and larynx, frequently present 
in inflammatory or ulcerative processes (see Chap. 21), “Pap cells” from the larynx (see Chap. 
19), tracheitis sicca associated with tracheostomy (see Chap. 19), and nonspecific inflammatory 
changes occurring in metaplastic bronchial cells. Atypical metaplastic cells may also be 
confused with the atypical squamous cells of pemphigus involving the upper respiratory 
tract (see Chap. 21); with nonspecific cell abnormalities observed in viral pneumonia; with 
specific viral infections, mainly herpes simplex; and with drug-induced changes (see Chap. 
19). 

Potential Markers of Progression of Atypical Metaplasia to Cancer 

There are still too few follow-up studies of atypical metaplastic lesions to predict their behavior 
or even to define them reliably from one laboratory to another. This presents a practical problem 
in management of the individual patient and also in evaluating studies of drugs intended to 
prevent progression or reverse presumed precancerous lesions (Melamed and Flehinger, 

1993). DNAaneuploidy has been reported in some cases of atypical squamous metaplasia 
(Nasiell et al, 1978; Hirano et al, 1994), and may be a marker of progression. 
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Figure 20-24 Squamous carcinoma in situ with microinvasion. A Sputum cytology 
showing well-differentiated, single squamous cancer cell with opaque eosinophilic 
cytoplasm and hyperchromatic, irregular enlarged nucleus. B. Gross appearance of the 
resected lobe of lung showing thickened mucosa with loss of rugal folds in the segmental 
bronchus with carcinoma in situ. C,D. Histologic sections showing carcinoma in situ. D. 
Microinvasive carcinoma. (From Melamed MR, Koss LG, Cliffton EE. Roentgenologically 
occult lung cancer, diagnosed by cytology. Report of 12 cases. Cancer 16: 1537-1551, 
1963.) 



Tockman et al (1997) reported overexpression of the heterogeneous nuclear riboprotein 
(hnRNP) A2/B1 in archival sputum specimens of patients with atypical squamous metaplasia 
progressing to squamous carcinoma in situ. This finding was supported by a prospective study 
of Chinese miners at high risk of lung cancer (Qiao et al, 1997), and by a study of bronchial 
lavage specimens (Fielding et al, 1999). Expression of p53 and K-ras point mutations in 
sputum cells also may precede morphologic diagnosis of lung cancer by some months and 
perhaps even years (Mao et al, 1994). However, the sensitivity of these tests is low, and their 
applicability to the detection of small peripheral lung cancers has yet to be documented (Gazdar 
and Minna, 1999). 

Cytology of Squamous Carcinoma In Situ 

In sputum specimens from many of our own cases of squamous carcinoma in situ, and from 
specimens graciously 
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loaned to us by others, the most consistent finding has been the presence of well- 
differentiated squamous cells with the nuclear abnormalities of cancer occurring 
usually singly or, uncommonly, in small clusters (Figs. 20-24, 20-25 and 20-26). They are 
similar to the dyskaryotic squamous cells of keratinizing squamous carcinoma in situ of 
uterine cervix (see Chap. 11). Similar cells may be seen in squamous carcinomas in situ of 
other organs, such as the esophagus and larynx (see Chaps. 21 and 24). 
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Figure 20-25 Carcinoma in situ with microinvasive carcinoma. A1,A2. Sputum with 
single well-differentiated squamous cancer cells. Same patient with papillary carcinoma in 
situ at the bifurcation of a segmental bronchus ( B ) and adjacent flat carcinoma in situ with 
microinvasion ( C ). (From Melamed MR, Zaman MB, Flehinger BJ, Martini N. Radiologically 
occult in situ and incipient invasive epidermoid lung cancer. Detection by sputum cytology 
in a survey of asymptomatic cigarette smokers. Am J Surg Pathol 1 :5-16, 1977.) 



The characteristic cells are typically large, superficial squamous cells with moderately abundant 
predominantly eosinophilic, but occasionally basophilic cytoplasm. They are smoothly 
contoured; the bizarre cell forms sometimes seen in invasive squamous carcinoma are 
uncommon. Nuclei are hyperchromatic, irregular, and enlarged in proportion to the 
surrounding cytoplasm, resulting in a higher-than-normal nucleocytoplasmic ratio. As 
discussed above, the differential diagnosis between markedly atypical squamous metaplasia 
(“grave” atypia of Dr. John Frost) and epidermoid carcinoma in situ is a matter of judgment. In 
case of doubt, further cytologic and clinical studies are indicated. 

In bronchial brush specimens, the abnormal squamous cells often form clusters and 
groups as well as single cells. The cell groups are made up primarily of superficial 
squamous cells, as in sputum, with cytoplasm that is often eosinophilic and 
sometimes frankly keratinized. Nuclei are significantly enlarged and usually coarsely 
textured, hyperchromatic, and irregular. The break-up of the clusters and the presence of 
single cells, if any, speak in favor of fully developed carcinoma in situ. Detached fragments of 
epidermoid carcinoma in situ may occasionally be dislodged in a bronchial brush or wash 
specimen, and recognized in cell block preparations (Fig. 20-26C). Such rare events suggest 
that carcinoma in situ is more readily detached from the surface of the bronchus than is normal 
bronchial epithelium. Similar observations have been made for carcinomas in situ of the uterine 
cervix and the bladder (see Chaps. 11 and 23). 

One of the features of carcinoma in situ is the failure to differentiate normally, as is seen, for 
example, in the lack 
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of cilia (Fig. 20-27). In more advanced invasive carcinomas, the cellular and nuclear 
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abnormalities are generally more marked, an observation confirmed by us and others (Tao et al, 

1982), but whether cells derived from squamous carcinoma in situ can be distinguished 
from cells of early invasive squamous carcinoma is still a matter of debate. Erozan et al 
(1979) reported measurable differences between the cells of carcinoma in situ versus 
microinvasive and fully invasive cancer. Greenberg et al (1987), using sophisticated image 
analysis methods, also concluded that there were measurable differences between cells from 
reversible atypias, carcinoma in situ, and invasive cancer. In our view, the number of cases of in 
situ and microfocally invasive squamous lung cancer is still too low to draw firm conclusions. 




Figure 20-26 Squamous carcinomas in situ. A,B. Sputum with single well-differentiated 
squamous cancer cells. C. Carcinoma in situ in a mucosal strip from the right bronchial 
wash specimen of a patient who had had left pneumonectomy for lung cancer 2 years 
earlier (cell block section). D,E. Similar well-differentiated squamous cancer cell from 
another patient with carcinoma in situ, and histologic section of segmental bronchus with 
carcinoma in situ showing the abrupt transition from normal bronchial mucosa without 
squamous metaplasia. (From Melamed MR, Zaman MB, Flehinger BJ, Martini N. 
Radiologically occult in situ and incipient invasive epidermoid lung cancer: Detection by 
sputum cytology in a survey of asymptomatic cigarette smokers. Am J Surg Pathol 1 :5-16, 
1977.) 



Clinical Approach to Patients With Cancer Cells in Sputum in the Absence of 
Radiologic Abnormalities 

A diagnosis of carcinoma by sputum cytology in the absence of localizing radiologic 
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findings must be confirmed on at least two separate specimens on two different days 
to rule out laboratory error. The diagnosis and treatment of such cases should then be 
governed by the following principles: 

Once the cytologic diagnosis of cancer has been established, a thorough examination of the 
buccal cavity, nasopharynx, larynx, etc., must be undertaken to rule out a possible 
source of cancer cells from the upper respiratory tract. 



Figure 20-27 Scanning electron micrograph of squamous carcinoma in situ of 
bronchus. A Normal bronchus showing surface cilia. B. Carcinoma in situ at the margin 
with adjacent bronchial mucosa showing short microvilli replacing cilia. (Courtesy of Dr. 
Patricia Saigo.) 



If the above procedures are negative, a thorough investigation of the bronchial tree is 
indicated. Fiberoptic bronchoscopy, preferably with videotape recording, is mandatory, and 
may have to be repeated if the source of the cancer cells is not found. Localized roughening 
and redness of the bronchial mucosa, and loss of the normal rugal folds, especially at a 
bronchial bifurcation or spur, may be the only visible evidence of squamous carcinoma in situ or 
microinvasive squamous carcinomas. 

Even in the presence of a suspicious mucosal lesion, but particularly in the absence of a visible 
abnormality, systematic bronchial brushing should be carried out, and separately labeled 
specimens must be obtained from each lobar, segmental, and subsegmental bronchus. 

Bronchial brushing samples and biopsies from tertiary and sometimes quaternary bronchi are 
technically feasible, and have been successful in confirming and localizing occult carcinomas. 
We have never seen a case of confirmed positive sputum cytology in which fiberoptic 
bronchoscopy in skilled hands failed to localize the malignant lesion. 

Under no circumstances should the patient be explored surgically before the source of 
the cancer cells has been localized and the surgical procedure defined in advance. 

Carcinoma in situ and related lesions of the bronchus cannot be visualized or palpated at 
thoracotomy, and surgery will fail if it is undertaken before establishing the exact site of the 
lesion. In such a case, a renewed attempt at localization in the future will be made more difficult 
by the operative procedure, which will only delay definitive treatment, as happened to two of the 
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first patients we encountered. 

A patient with positive sputum cytology may have a radiographically visible lesion that 
is benign and unrelated to an early, occult cancer located elsewhere in the bronchial 
tree. This was observed in two of our early patients, one with bronchiectases, and another with 
a Ghon tubercle. In the latter case, thoracotomy and resection of the radiologically visible lesion 
delayed definitive treatment and was followed by invasive carcinoma with a fatal outcome. If 
thoracotomy is undertaken on the assumption that a radiologic lesion is the source of the 
cancer cells in sputum, frozen section confirmation should be obtained for confirmation at the 
time of surgery. 

PROGRAMS FOR DETECTION OF OCCULT BRONCHOGENIC CARCINOMA 

History 

The concept that early detection of lung cancer might lower mortality from that disease was first 
tested in the Philadelphia Pulmonary Neoplasm Research Project (Boucot et al, 1970; Weiss et 
al, 1982), the North West London study (Brett, 1969) and the South London Cancer Study 
(Nash et al, 1968). These surveys were based on photofluorogram chest x-rays used in mass 
surveys to detect tuberculosis and were not suited for detection of early lung cancer. Although 
they were successful in finding some unsuspected advanced cancer cases, the surveys failed 
to show that they could lower the mortality of lung cancer. Cytology has played a key role in 
all subsequent efforts to detect early occult lung cancer. 

In 1951, Papanicolaou and Koprowska reported the first documented case of 
radiographically occult carcinoma in situ of the bronchus diagnosed by cytology, thus 
offering promise of a new technique for detection of preinvasive, potentially curable lung 
cancer. The first application of this procedure in a cancer detection survey of cigarette smokers 
was between 1959 and 1961 in New York City. Of 643 
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cigarette-smoking men aged 40 and over, two were found with occult carcinoma (see Fig. 20- 
24). 

A number of reports of single and small groups of patients with radiologically occult carcinoma 
detected by sputum cytology were subsequently published (Lerner et al, 1961 ; Melamed et al, 

1963; Holman and Okinaka, 1964; Pearson and Thompson, 1966; Lilienfeld et al, 1966; 

Woolner et al, 1966; Grzybowski and Coy, 1970; Woolner et al, 1970; Marsh et al, 1972; Martini 
et al, 1974). These reports, and the introduction of fiberoptic bronchoscopy to localize occult 
carcinomas discovered by sputum cytology, led to a large multicenter evaluation of sputum 
cytology as a lung cancer detection technique. 

Early Lung Cancer Detection Studies Sponsored by the National Cancer 
institute 

Between 1972 and 1974, three major screening programs were initiated, sponsored by the 
National Cancer Institute under the direction of Dr. Nathaniel Berlin. They were designed to 
evaluate sputum cytology as an adjunct to the chest x-ray for lung cancer detection. The goal 
was to determine whether systematic, periodic examinations of sputum cytology, supplementing 
the chest x-ray, could lead to a significant reduction in the death rate from lung cancer in a 
selected population at high risk. The Johns Hopkins Medical Institutions, the Mayo Clinic, and 
the Memorial Hospital for Cancer were the participating institutions. Atotal of 31 ,360 
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asymptomatic male cigarette smokers, aged 45 or older, were recruited by the three groups into 
a study that continued for 5 to 8 years, until November, 1982, with up to 2 years of additional 
follow-up. Details of the study design have been published in a Manual of Procedures 
available from the National Cancer Institute (NIH publication no. 79-1972). 

There were some differences among the three institutions. The men in the Hopkins and 
Memorial studies were recruited from the general populations of Baltimore and New York City, 
respectively, and randomly divided into a study group, offered annual chest x-rays (full size PA 
and lateral) and sputum cytology every 4 months, or into a control group that was offered the 
annual chest x-ray only. The Mayo population was recruited from their outpatient clinic, and 
excluded men with any suspicion of lung cancer on initial examination. All had chest x-rays and 
sputum cytology on entry and those without evidence of lung cancer were assigned to a “close 
surveillance” group that was offered x-ray and sputum cytology every 4 months, or to a “control” 
group that was advised initially but not reminded to seek periodic chest x-rays. 

Prevalence Data 

The lung cancer cases that have accumulated in the study population and are 
discovered in the initial screening examination are defined as prevalence cases. They 
include indolent cancers that may have been present for months or years. 

In the initial (prevalence) screening, there were 160 patients with lung cancer detected among 
the 21 ,127 men who had dual screening with both sputum cytology and chest x-ray (0.75%); 93 
cancers were detected by x-ray only, 37 by cytology only, and 30 by both techniques (Fontana 
et al, 1984; Frost et al, 1984; Flehinger et al, 1984; summary in Berlin et al, 1984). Sputum 
cytology was useful almost exclusively for detection of squamous carcinomas, 
especially those located in subsegmental and larger central bronchi. Most of the 93 lung 
cancers detected by x-ray only were adenocarcinomas or undifferentiated large-cell 
carcinomas; almost all of the peripheral adenocarcinomas were found by x-ray. Nearly half of 
the cancers detected by x-ray alone were stage I, and more than 80% of the cancers detected 
by cytology alone were stage I, that is, localized and potentially curable by resection. The 5- 
year survival rate for the patients with resected stage I lung cancer was 75% to 80%; and the 
10-year survival in this study was 65%, which should be compared with the expected 12% 5- 
year survival rate for lung cancer nationally. These data emphasize the importance of screening 
asymptomatic individuals at high risk of lung cancer if one is to identify the disease in an early 
and curable stage. 

Incidence Data 

New lung cancers that developed after the initial screening are referred to as incident 
cases. They were observed during the year following the initial or subsequent 
negative annual examination and provide information on the rate of development of 
lung cancer. The most detailed incidence data come from the Memorial Hospital study in New 
York (Melamed et al, 1984; Melamed and Flehinger, 1987; Melamed, 2000), but are not 
significantly different from the other two institutions. 

Of the 10,040 men recruited into the program in New York City, a total of 354 developed lung 
cancer, of which 293 were diagnosed during the screening period of 5 to 8 years and 61 during 
the postscreening follow-up period. Fifty-three men had lung cancer detected on the initial 
screening examination (prevalence = 0.5%), and 137 were detected by subsequent repeat 
screenings. Thus, 190 of 293 lung cancers diagnosed during the screening period (65%) were 
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detected by screening. The remaining 103 patients had lung cancer detected clinically because 
of symptoms or radiologic findings between scheduled screening examinations (interval cases). 

Not surprisingly, over half of the rapidly growing small-cell (oat cell) carcinomas (12 of 
21) were interval cases, diagnosed clinically because of symptoms. As in the prevalence 
study, most of the lung cancers found by cytology were squamous carcinomas, and most of 
those found by x-ray were adenocarcinomas (Tables 20-4, 20-5 and 20-6). Sixty -one 
additional cases were diagnosed clinically during the 2 years of follow-up after 
screening was discontinued, mostly in symptomatic patients who had advanced 
disease. 

The patients in this study with lung cancer diagnosed as a result of symptoms had an estimated 
13% survival at 7 years, which is comparable to the estimated overall survival of 13% at 5 years 
for lung cancer throughout the US. Thus, for all practical purposes, symptomatic lung cancer 
is late lung cancer, and the cure rates are dismal. 
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TABLE 20-4 HISTOLOGY OF LUNG CANCER IN 10,040 PARTICIPANTS IN NEW YORK 

LUNG CANCER DETECTION PROGRAM 



Cell Type 


Detected by 
Screening 


Interval 

Cases 


Postscreening 


Total 


Epidermoid 


61 


29 


21 


111 


Adenocarcinoma 


105 


37 


22 


164 


Undifferentiated large 
cell 


9 


8 


6 


23 


Oat cell 


15 


28 


12 


55 


Carcinoid 


0 


1 


0 


1 


Total 


190 


103 


61 


354 



From Melamed and Flehinger (1987). 



TABLE 20-5 STAGE OF LUNG CANCERS IN NEW YORK LUNG CANCER DETECTION 

STUDY 



According to Mode of Detection 



Detected by Screening Interval Cases Postscreening Total 
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Stage 1 


100 


20 


12 


132 


Stage 2 


15 


3 


5 


23 


Stage 3 


75 


80 


44 


199 


Total 


190 


103 


63 


354 



From Melamed and Flehinger (1987). 

TABLE 20-6 LUNG CANCER CELL TYPE ACCORDING TO METHOD OF DETECTION IN 
4,968 MEN SCREENED BY CYTOLOGY AND X-RAY 

Method of Detection 



Cell Type 


Cytology 


X-Ray 


Both 


Interval 


Total 


Epidermoid 


20 


8 


8 


10 


46 


Adenocarcinoma 


5 


44 


3 


21 


73 


Undiff. large cell 


1 


3 


0 


2 


6 


Oat cell 


1 


5 


3 


12 


21 


Carcinoid 


0 


0 


0 


1 


1 


Total 


27 


60 


14 


46 


147 


From Melamed and Flehinger (1987). 
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Conclusions From the Early Lung Cancer Study 

As mentioned in the opening pages of this chapter, there is good evidence that some early 
stage lung cancers detected by screening have high resectability and survival rates but, so far, 
there is no convincing statistical proof that screening lowers death rates from lung cancer 
(Fontana, 2000; Kubik, 2000). If this seems paradoxical, it has been suggested that some lung 
cancers discovered by screening are indolent and would never have progressed to cause 
illness and death (Black, 2000; Parkin and Moss, 2000). However, there is no persuasive 
evidence that this theory is correct. Thus, Flehinger et al (1992) reported 5-year survival of only 
0% to 8% for untreated stage I lung cancer patients with adenoand large-cell carcinoma, 
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whereas 5-year survival ranged from 52% to 62% for men with the same tumor types and the 
same stage who were treated by surgery. Similarly, the higher death rates from lung cancer in 
black, compared to white, patients can be explained by lower rates of surgical treatment (Bach 
et al, 1999). 

It is now virtually impossible to do a randomized study of lung cancer screening that denies 
chest x-rays to high-risk individuals. In the absence of such a study, it has become impossible 
to demonstrate that screening lowers the death rate from lung cancer (recently reviewed by 
Patz et al, 2000). In a mathematical model of the progression kinetics of lung cancer developed 
by Flehinger and Kimmel (1987, 1988) from data collected in the NCI study of lung cancer 
screening described above, it was concluded that annual screening could reduce lung cancer 
deaths by up to 18%. 

Pending future developments in the new lung cancer screening programs based on spiral CT 
and summarized below, the American Cancer Society recommends that physicians 
should decide for each individual patient whether the risk of lung cancer is sufficient to 
warrant periodic radiologic examination of the chest and cytologic investigation of any 
suspect lesion. The following categories of patients should receive special attention: 

■ Long-term cigarette smokers over 55 years of age 

■ Any adult with a history of persistent cough, with or without hemoptysis 

■ Any patient with recurrent pneumonia, obstructive lung disease, or a localized pathologic 
process in the lung 

■ Any patient with persisting or unexplained radiographic abnormalities, whether or not 
considered benign 

■ Industrial workers or others exposed to pulmonary carcinogens, and particularly 
asbestos or radioisotopes (uranium mining) 

Lung Cancer Screening Based on Spiral (Helical) Computed Tomography 

Recent technical advances in CT (helical or spiral CT) have greatly shortened exposure times 
and significantly reduced irradiation to patients. Screening examinations of the chest now take 
20 seconds or less and require no contrast medium (Kaneko et al, 1996; Sone et al, 1998; Nitta 
et al, 1999). This technique is now being applied to lung cancer detection in a number of 
programs, one of which is the “Early Lung Cancer Action Project” (ELCAP). 

The ELCAP project, which now encompasses several institutions in the US and abroad, has 
undertaken a program of annual screening of asymptomatic patients at various degrees of risk 
for lung cancer (Henschke et al, 1999, 2000). Small pulmonary nodules, observed on the initial 
scan, are investigated further by high-resolution CT and classified as to their appearance. 

Nodules with evidence of calcification are presumed to be granulomas and are followed 
clinically. Nodules with homogeneous, opaque appearance (“ground-glass opacities”) and 
irregular margins are investigated further. 

Most of the nodules discovered by spiral CT are smaller than 1 cm, and most are benign, so 
that identifying the few that are very small carcinomas can be a challenge. With contemporary 
technology, detailed three-dimensional images of the nodules are available for precise 
measurements and study of their configuration, which can then be followed to detect 
possible progression on repeat scans (Yankelevitz et al, 2000). It is assumed that nodules 
of irregular configuration or those that change shape or grow in size are more likely to be 
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malignant than smoothly configured nodules of constant shape and volume. 

The institutions participating in these studies use different approaches to investigate the nature 
of suspicious nodules: some use large-caliber (18-gauge) needles to perform a “mini-biopsy” of 
the nodule; others rely on cytologic evaluation of the nodules by percutaneous thin- 
needle aspirations (Henschke et al, 1999, Yankelevitz et al, 2000). Most of the malignant 
lesions discovered by this approach are peripheral adenocarcinomas, a smaller number are 
squamous carcinomas (see Fig. 20-20). Unfortunately, the percutaneous aspirations are not 
without complications, as discussed in detail in Chapter 19. Approximately 30% of the 
patients develop pneumothorax, although almost all are minor and resolve 
spontaneously without intervention. Of concern has been the possibility of tumor cell 
implantation in the needle track. Sinner and Zajicek (1976) reported only one such instance in 
more than 1,250 lung cancer cases, and single, additional cases were reported by Moloo et al 
(1985) and Sacchini et al (1989). This very rare complication is even more unlikely if fine- 
bore needles are used (< 0.6 mm diameter, 21 -gauge). 

Results 

Several groups of investigators have reported preliminary results of their studies, which include 
an early report from the US (Henschke et al, 1999), and a larger experience from Japan 
(Kanekoetal, 1996; Sone etal, 1998). It is clear that selection of the population at risk will 
impact results. Thus, the Henschke study admits men age 60 and higher with 10 or more years 
of smoking history. The prevalence of lung cancer on the first screen of 1 ,000 patients was 
2.7% (27 cases), whereas on the next 1,184 examinations, which includes 
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a second screening of the same group and gives an approximation of incidence, there were 
only 7 new cases (0.6%). More than 80% of the cancers discovered were in surgically 
resectable stage I (see Fig. 20-20). 

In other studies dealing with lesser risk populations, the prevalence of lung cancer was much 
lower. In the study by Sone et al (1998), which accepted smokers and nonsmokers of both 
sexes, age 40 and higher, lung cancer was detected in 40 of 7,847 patients (0.5%), and was 
the same for smokers and nonsmokers. Miettinen (2000) discussed the cost-effectiveness of 
the screening programs. At the time of this writing (2004), none of the health agencies of the 
US government or the American Cancer Society have formally endorsed these screening 
programs. In describing a statistical model of expected true and false-positive findings with 
helical CT for lung cancer detection, Mahadevia et al (2003) considered estimates of the 
uncertainty of benefits, the potential harm of false-positive invasive tests and high costs, and 
concluded that these screening examinations were not cost-effective. 

UNCOMMMON PRIMARY MALIGNANT TUMORS OF LUNG 

Neuroendocrine Tumors 

The neuroendocrine tumors as a group have been separated from other pulmonary neoplasms 
by histology and their presumed common origin in the endocrine bronchial cells (Kulchitsky's 
cells). They are characterized by the presence of membrane-bound, dense-core 
neuroendocrine cytoplasmic inclusions in electron micrographs, and positive 
immunocytochemical reactions with specific monoclonal antibodies for chromogranin, 
synaptophysin, or for polypeptide hormones such as serotonin, ACTH, gastrin, etc. (see 
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also Chap. 45). Endocrine activity may be evident clinically in the form of various 
polypeptiderelated syndromes, such as the carcinoid syndrome (see below). The 
prototypical neuroendocrine tumor of lung is the carcinoid and its variants. Small-cell (oat cell) 
carcinoma and its relationship to endocrine tumors was discussed above. 

Carcinoid Tumors 
Histology and Clinical Data 

Carcinoid tumors of the lung occur in adults of any age and are unrelated to cigarette smoking. 

The tumors are generally circumscribed and grow under and lift the sometimes-ulcerated 
overlying bronchial epithelium. They present most frequently as a nodular tumor projecting into 
and partially obstructing a major bronchus (Fig. 20-28A). Like their counterpart in the bowel, 
carcinoids of the lung are composed of nests, rosettes, or ribbons of tightly packed, 
quite regular, small, polyhedral cells (Fig. 20-28B). Variants may be composed of 
spindle cells (Fig. 20-28C) or contain an admixture of large, eosinophilic oncocytic cells 
with granular cytoplasm. They typically produce serotonin and sometimes other polypeptide 
hormones, and stain for chromogranin, a neurosecretory marker (Fig. 20-28D). Carcinoid 
tumors commonly arise in the bowel and their products are detoxified in liver. The carcinoid 
syndrome (i.e., flushing of skin, diarrhea, bronchospasm, and sometimes endocardial and 
valvular fibrosis of the right side of the heart) results from serotonin secretion by metastatic 
carcinoid in the liver, bypassing detoxification (see Chap. 24). Interestingly, the carcinoid 
syndrome has been described, not only with pulmonary carcinoid, but also in bronchogenic 
carcinoma (Majcher et al, 1966). 

The majority of carcinoids arise in and partially obstructs larger bronchi, and cause symptoms 
at an early, still-localized stage. They are diagnosed by conventional radiographic studies and 
bronchoscopic biopsy or brushing cytology. The uncommon peripheral carcinoids are 
diagnosed by needleaspiration cytology or a needle core biopsy. If detected early, they can be 
cured by surgery. If untreated, carcinoids will gradually enlarge and most eventually 
metastasize. 

Cytology 

As the tumors are covered entirely or almost entirely by intact bronchial epithelium, and since 
the tumor cells are quite coherent and do not exfoliate easily, an initial diagnosis of 
pulmonary carcinoid by cytologic examination of sputum or bronchial secretions is 
highly unlikely. However, the diagnosis has been made on postbronchoscopy sputum 
specimens from patients suspected of bronchogenic carcinoma, as a consequence of mucosal 
disruption during the diagnostic procedure. We have also observed tumor cells in sputum 
specimens of patients with metastatic carcinoid of intestinal origin, and in patients with 
the related pancreatic islet cell tumors (see below). 

The diagnosis is usually established on bronchial brush specimens or by percutaneous 
needle aspiration. In postbronchoscopy sputum or bronchial brush specimens, the cells 
of bronchial carcinoid are 15 to 20 pm in diameter. They are typically dispersed (Fig. 20-29AB) 
or in small groups, sometimes forming flat, loosely structured gland-like clusters (Fig. 20- 
29C) (Lozowski et al, 1979). Carcinoid tumor cells are generally uniform and have a 
characteristic appearance: variably cuboidal or rectangular with faintly basophilic transparent 
cytoplasm in Papanicolaou stain, and eccentric nuclei. The position of the nucleus gives a 
vaguely plasmacytoid appearance (Fig. 20-29B). The nuclear chromatin is finely granular, often 
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described as “salt and pepper.” There may be tiny nucleoli. 

In the uncommon variant of carcinoid with oncocytic cells (Matsumoto, 1993), the smears 
may show the classical features of carcinoid with an admixture of variable numbers of 
oncocytes, singly and in clusters (Fig. 20-29D). The oncocytes are readily recognized as 
larger cells about the size of macrophages, with abundant, granular, eosinophilic 
cytoplasm and small vesicular nuclei. There have been reports in which the cytologic 
pattern is dominated by the presence of oncocytes (Ogino, 2000). Because primary 
oncocytomas of lung are exceedingly rare, the finding of oncocytes in bronchial brush 
specimens or aspirates from a lung tumor should immediately raise the possibility of a 
carcinoid or, more remotely, a granular cell tumor. 
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Figure 20-28 Carcinoid of lung. A Gross appearance of a carcinoid tumor of lobar 
bronchus in an adult female. The smooth-surfaced polypoid tumor obstructs the lumen of 
the bronchus. B. Histologic section showing cuboidal tumor cells in trabecular pattern or 
nests. C. Carcinoid tumor with an organoid spindle cell pattern. D. Immunoperoxidase 
reaction for chromogranin is strongly positive for neurosecretory granules in this needle 
core biopsy. 



With increasing use of percutaneous needle aspiration biopsy, cytologic samples of 
bronchial carcinoids are now being seen more frequently (Nguyen, 1995). The cytologic 
presentation in needle aspirates is similar to bronchial brushing specimens but usually more 
cellular (Collins and Cramer, 1996). Occasional large, sometimes multinucleated giant 
cells may be observed, not an uncommon finding in endocrine tumors of all origins. In 
an occasional case, the nuclei may be more darkly stained, but we have not observed the 
markedly hyperchromatic nuclei described by Kyriakos and Rockoff (1972) in brush specimens. 

Peripheral carcinoids are often composed of spindle cells (see Fig. 20-28C) and may 
yield fusiform or polygonal cells (Jordan et al, 1987) with spindle-shaped nuclei and 
scant cytoplasm in percutaneous needle aspirates. Generally, the cytologic diagnosis of 
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carcinoid is suggested by monotony of nuclear size, delicate “salt and pepper” 
chromatin structure, and absence of necrosis. As noted, carcinoids may have a rosette 
pattern in histologic section, and Pilotti et al (1983) described two carcinoids with glandular 
features in needle aspirates. In such very unusual cases, the differentiation of carcinoid from 
adenocarcinoma and sometimes from SSC may cause diagnostic problems. Strong staining for 
chromogranin (see Fig. 20-28D) supports the diagnosis of carcinoid. 

Atypical Carcinoid Tumors 

Synonyms: well-differentiated neuroendocrine carcinomas, peripheral SSCs resembling 
carcinoid tumors. 

Histology 

The uncommon atypical carcinoid tumors were defined by Arrigoni et al (1972) as circumscribed 
tumors with the basic histologic pattern of carcinoid but characterized by tumor cell 
pleomorphism; variably sized and atypical nuclei, a high mitotic rate; prominent 
nucleoli and focal necrosis. They have a more aggressive clinical course than conventional 
carcinoids, and in 1983, Gould et al introduced the term well-differentiated neuroendocrine 
carcinoma to describe these tumors. Because even the conventional carcinoid may be 
malignant, however, there seems little rationale for this designation. Mark and Ramirez (1985) 
preferred to call them peripheral SSCs resembling carcinoid tumors. Craig and Finley (1982) 
described a spindle cell variant of these tumors, which is more likely to arise in peripheral lung, 
and more likely to be seen in percutaneous needle aspirates. The current WHO nomenclature 
is simply “atypical carcinoid.” 

All of these designations pertain to the same group of uncommon lung tumors that combine the 
basic histologic features of carcinoid tumors with focal areas of anaplastic 
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cell growth, mimicking SSC of intermediate type. By high-resolution image analysis, the nuclei 
of anaplastic carcinoids are intermediate between conventional carcinoid and SSC (Larsimont 
et al, 1990). Whereas atypical carcinoids have a more aggressive clinical course than 
the conventional carcinoids, they offer a significantly greater chance of surgical cure 
than SSC (Ferguson et al, 2000). 
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Figure 20-29 Cytologic patterns of carcinoid tumor of lung in FNA and bronchial 
brushings. A. Pulmonary carcinoid tumor in a 34-year-old woman. In the aspiration smear, 
the cells are evenly spread with uniform, ovoid or round nuclei, delicate chromatin and tiny 
nucleoli. There are few clusters of overlapping cells and no molding or necrosis. B. 
Aspirate of carcinoid tumor in which there are flat plaques or clusters of cells with deeper- 
staining cytoplasm and peripheral nuclei of plasmacytoid appearance. C. Bronchial brush 
specimen with flat clusters and single tumor cells with a moderate amount of palestaining 
cytoplasm, uniform, round or slightly ovoid nuclei with delicate “salt and pepper” chromatin 
and small nucleoli. D. Oncocytic cell type of carcinoid in aspiration smear. The tumor cells 
have abundant eosinophilic cytoplasm. 



Cytology 

Experience with the cytology of these tumors is limited. Frierson et al (1987) describe eight 
such tumors in samples obtained by percutaneous needle aspiration. The cells differed from 
those of typical carcinoid by more likely formation of cell clusters, more variability in nuclear 
size, and the presence of some cells with increased nuclear hyperchromasia or prominent 
nucleoli. Atypical carcinoid was distinguished from SSC, intermediate type, by tumor 
cells often arranged in organoid pattern with more abundant cytoplasm, open, 
nonpyknotic nuclei, a lower level of nuclear abnormalities, and absence of nuclear molding or 
necrosis (Fig. 20-30). 

In one cytologic study of 22 cases, Jordan et al (1987) described small sheets and cohesive 

clusters of polygonal or fusiform cells with clear cytoplasm, medium-sized ovoid 
nuclei with single or multiple nucleoli, and rosette-like acinar clusters with palisading. 
Molding of nuclei was absent. There were 13 long-term survivors among the 22 patients. 

Although these features may be evident on retrospective review of histologically documented 
cases, in practice, the prospective cytologic diagnosis of this group of tumors is 
extremely difficult. In several cases from the Massachusetts General Hospital, seen courtesy 
of Dr. Wanda Szyfelbein, and personally reviewed (LGK), the diagnosis rendered was 

carcinoid with atypical features. In practice, regardless of cytologic classification, 
resectable lung neoplasms should be excised and examined histologically so long as 
the diagnosis is not that of an oat cell carcinoma or SSC, intermediate type. 

Large-Cell Neuroendocrine Carcinomas 

Some non-small-cell undifferentiated carcinomas of lung are distinguished from other 
non -small -cel I tumors 
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only by expression of neuroendocrine markers in immunocytochemical stains for 
chromogranin, synaptophysin, etc. They constitute an estimated 3% of lung cancers (Jiang 
et al, 1998), and cannot be differentiated from the morphologically similar tumors by 
conventional cytology alone. 
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Figure 20-30 Atypical carcinoid of lung. A. FNAof an atypical peripheral carcinoid of 
lung in a 73-year-old woman. There are occasional cells with large nuclei among an 
otherwise generally uniform but unevenly distributed population of cells. The aspirate could 
be mistaken for adenocarcinoma. B. Athick part of the same smear in which the trabecular 
and nesting patterns of carcinoid tumor are evident side by side. C. Histologic section. 
Chromogranin stain was strongly positive. ( AB : Diff-Quik stain.) 



Minute Pulmonary Chemodectomas (Tumor lets) 

The chemodectomas, first described by Whitwell (1955), are minute neuroendocrine tumors, 
often multiple, derived from Kulchitsky cells and believed to be related if not identical with 
carcinoids. Arioglu et al (1998) reported a case of Cushing's syndrome caused by 
corticotropin-secreting pulmonary tumorlets. We know of no case diagnosed by cytology, 
however, one should be aware that high-resolution spiral CT examinations may lead to the 
discovery and needle biopsy of a tumorlet. 

Adenoid Cystic Carcinoma 
Histology 

These are highly malignant tumors of slow evolution, corresponding to the adenoid cystic 
carcinoma of salivary gland origin (Conlan, 1978). They are derived from bronchial mucous 
glands, and are therefore tumors of trachea and large bronchi. They have a very characteristic 
appearance, composed of sheets of small, quite uniform cells, forming cystic spaces 
filled with homogeneous hyaline material that is derived from reduplicated basement 
membrane material (Fig. 20-31A). While they are common in the salivary glands, adenoid 
cystic carcinomas are uncommon in the lower respiratory tract. For comments on such tumors in 
the trachea, see Chapter 21, and in the salivary glands, see Chapter 32. 



Cytology 

Adenoid cystic carcinomas do not easily exfoliate, and the diagnostic cells are more likely to be 
found in bronchial brushing specimens than in sputum, and more often in recurrent than in 
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primary tumors. The cytologic presentation is quite characteristic: clusters of uniform, small 
cells with scanty cytoplasm and monotonous, dark nuclei, arranged around a core of 
homogeneous basement membrane material, which is faintly stained either 
cyanophilic or eosinophilic with the Papanicolaou stain (Fig. 20-31 B). The material stains 
purple with Diff-Quik and other metachromatic stains. In percutaneous aspirates, we have 
observed tumor cells forming large overlapping spherical structures composed of uniform 
small cells. Hyaline cores were not visible within the tumor globes, but could be seen as 
isolated extruded bodies in the smear background. In the absence of the hyaline cores, one 
may make a descriptive diagnosis of a tumor composed of small cells, and suggest adenoid 
cystic carcinoma as one possibility, but a more specific diagnosis may not be possible. The 
cytology of metastases from salivary gland tumors is identical. 



Figure 20-31 Adenoid cystic carcinoma of lung. A. Histologic section of adenoid cystic 
carcinoma of bronchus, showing a tumor composed of uniform small cells surrounding 
cystic spaces filled with hyaline basement membrane material. B. Bronchial brush cytology 
in which the small tumor cells form the characteristic cystic spaces. See also Chapter 32. 



Mixed Malignant Tumors (Carcinosarcomas) 

There are very uncommon malignant tumors in which a malignant epithelial component is 
associated with a sarcomatous component such as rhabdomyosarcoma (Davis et al, 
1984; Takeda et al, 1994; Berho et al, 1995; M. Koss et al, 1999). Ishizuka et al (1988) and 
Parafiniuk et al (1994) reported the cytologic findings in sputum of patients with such a tumor. 
Cells of ordinary squamous carcinoma were associated with tumor cells of variable 
configuration with cytoplasmic cross-striations, classified as rhabdomyoblasts. Finley 
et al (1988) reported the immunocytochemistry and electron microscopy studies of a needle 
aspirate of pulmonary carcinosarcoma. The histology and cytology of these tumors in the 
uterus are described in Chapter 17. 

Pulmonary and Pieuropuimonary Blastomas 

Pulmonary blastomas are exceedingly uncommon and highly malignant tumors of 
embryonal type that may be compared to Wilms' tumor of the kidney (see Chap. 40). The 
tissues comprising the tumor resemble fetal lung. They are composed of malignant 
embryonal connective tissue within which are tubular structures lined by cuboidal or 
columnar cells mimicking primitive bronchioles (Barnard, 1952; Spencer, 1961; Souza et 
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al, 1965). Variants may be entirely epithelial or mesenchymal. Although pulmonary blastomas 
are often considered tumors of children and young adults, they may occur at any age, and the 
median age is reported to be in the fourth decade (M. Koss et al, 1991). 

Non et al (1976) described the cytologic presentation of one such case in the sputum of a 73- 
year-old patient. He observed numerous clusters of large cancer cells derived from 
adenocarcinoma together with clusters of smaller cells derived from the 
undifferentiated sarcomatous component. Spahr et al (1979) also reported a single case of 
blastoma in which cells of carcinoma were accompanied by small stromal cells. Jacobsen and 
Francis (1979) described 10 cases of pulmonary blastoma in elderly patients of both sexes, 
studied by several cytologic techniques. Most specimens were diagnosed as carcinomas 
of various types by sputum and bronchial washings. The diagnoses of sarcoma and of a 
“mixed tumor” were each rendered only once in percutaneous aspiration biopsy 
material. It is evident from their report that cytologic sampling by routine techniques may be 
biased in favor of carcinoma; the sarcomatous component of a mixed tumor is best recognized 
by direct FNA sampling. 

Pleuropulmonary blastoma, an embryonal malignant tumor of children, arises in lung in 
association with pleura. Unlike the pulmonary blastoma of adults, it is composed of embryonal 
mesenchymal elements without a malignant epithelial component (Manivel et al, 1988). 

Nicol and Geisinger (2000) described a case in which a percutaneous needle aspirate yielded a 
mixture of primitive blastemal cells and spindle-shaped cells, presenting as dispersed 
single cells and cohesive aggregates. In reports by Gelven et al (1997) and Drut and Pollono 
(1998), myxoid matrix was present as well. The differential diagnosis includes all the small, 
round cell malignant tumors of childhood. 

Sarcomas 

For an in-depth discussion of soft part sarcomas, see Chapter 35. Primary pulmonary sarcomas 
are very uncommon and few are intrabronchial in origin. Those that arise in the lung seldom 
erode the bronchial wall (except for malignant lymphomas) (see below), and they do not 
exfoliate easily. Thus, finding tumor cells of sarcoma in sputum is an exceptional event. On the 
other hand, aggressive investigation of lung masses by percutaneous or transbronchial 
needle aspiration biopsy may lead to at least a presumptive diagnosis of sarcoma. The most 
common are leiomyosarcoma, malignant fibrous histiocytoma and fibrosarcoma, but precise 
classification of tumor type by cytology is difficult (Guccion and Rosen, 1972; Nascimento et al, 

1982; Suster, 1995; Keel et al, 1999). 

L eiomyosarcoma 

These uncommon tumors, composed of bundles of malignant smooth muscle cells, may form an 
intrabronchial 
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polypoid mass, as in a case described by Krummerman (1977) (Fig. 20-32A), but more often 
appear as parenchymal tumors. There are a few cases on record in which the spindly 
malignant cells were observed in sputum (Fleming and Jove, 1975), bronchial brushings 
(Sawada et al, 1977), or in a bronchial aspirate (Krummerman, 1977). In most cases, the 
diagnosis is obtained by percutaneous FNA. 

In the reported cases, spindly, but fairly plump malignant cells were observed (Fig. 20-32B), 
some with bifurcated ends. We observed one such case in a 17-year-old male with a very large 
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intrapulmonary tumor mass who shed some of the relatively inconspicuous spindly tumor cells 
in sputum. The diagnosis was confirmed by a percutaneous needle aspirate that disclosed 
densely clustered and dispersed elongated tumor cells with moderately enlarged, finely 
granular nuclei and conspicuous, irregular, but not very large nucleoli (Fig. 20-32C). The tumor 
was resected, and the diagnosis of leiomyosarcoma was confirmed in histologic material. 

Malignant Fibrous Histiocytoma 

These tumors, cytologically similar to fibrosarcoma and leiomyosarcoma, have been reported by 
Barbas et al (1997) to yield spindle-shaped cancer cells with “comet” configuration in a 
bronchial brush specimen. Sampling is scanty at best in bronchial specimens, and much better 
in percutaneous needle aspirates. Hsiu et al (1987) and Kawahara et al (1988) diagnosed 
malignant fibrous histiocytoma by needle aspirate. The smears showed a mixture of malignant 
spindle and polygonal cells with a few giant cells. In addition to the cytologic patterns described 
above, we have seen aspirates of a small number of these tumors that also contained cells with 
ample cytoplasm mimicking an epithelial tumor. 




Figure 20-32 Leiomyosarcoma of lung. AB. Case of Dr. Krummerman showing a 
polypoid spindly leiomyosarcoma that projected into the bronchus (A), and yielded spindly, 
smooth muscle tumor cells in a bronchial aspirate ( B ). C. Aspiration biopsy of lung in 
another patient, a 17-year-old boy. Note elongated cancer cells. 



The diagnosis of Kaposi's sarcoma must be considered in AIDS patients and others who are 
immunosuppressed and present with space-occupying lesions of the lung. One of us (LGK) has 
seen the percutaneous FNA cytology slide from a case of Kaposi's sarcoma reported by 
Haramati (1995). In this and a few other cases, the smears contained thick bundles and 
dispersed spindly cells with enlarged oval, hyperchromatic nuclei in a background of blood. In 
the proper clinical setting, it is possible to make a diagnosis of spindle cell tumor consistent with 
Kaposi's sarcoma (Fig. 20-33) and in doubtful cases demonstrating expression of herpes virus 
8 in tumor cells. 

Synovial sarcoma, a malignant soft-tissue tumor commonly found in the extremities in 
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association with synovial or bursal tissues, may rarely arise in other sites including lung and/or 
pleura (Essary et al, 2002). The tumor may be biphasic with spindle sarcomatous and epithelial 
components or a monophasic spindle-cell sarcoma. We have encountered one such case, 
presenting as a solitary intraparenchymal monophasic spindle-cell sarcoma, but have no 
experience with FNA cytology. Costa (1997) reported the FNA cytology of a metastatic, 
monophasic synovial sarcoma in the lung. The tumor was characterized by the presence of 
groups of spindle cells with ovoid nuclei and scant cytoplasm 
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(for further discussion of these tumors, see Chap. 35). 




Figure 20-33 Kaposi's sarcoma involving lung in a patient with AIDS. An FNA of lung 
tumor showing spindly tumor cells singly and in small clusters. The cytologic findings were 
consistent with diagnosis of Kaposi's, which was subsequently confirmed. 



Other Sarcomas 

Medalie et al (1998) reported a patient with pulmonary artery sarcoma diagnosed by FNA. 
The diagnosis was made by a finding of pleomorphic and spindly malignant cells in an FNA of a 
lung nodule from a patient with an intraluminal filling defect of the left main pulmonary artery. 

Differential Diagnosis of Spindle-Cell Sarcomas 

The differential diagnosis of primary pulmonary spindle-cell sarcomas should include 
the solitary fibrous tumor of pleura (fibrous mesothelioma: pleural fibroma). It is a 
benign, often pedunculated, spindle-cell fibroblastic pleural tumor that is typically rich in 
collagen, does not exfoliate, and is often sparsely cellular in percutaneous needle aspirates. 
The spindle cells obtained by needle aspirate show varying degrees of nuclear atypia, 
and are immunoreactive with CD-34. The smears frequently contain thick collagen and 
sometimes-recognizable capillaries as well as clusters of mesothelial cells (Ali et al, 
1997; Apple et al, 1997; Drachenberg et al, 1998). Sarcomatous malignant mesothelioma must 
also be included in the differential diagnosis. Primary tumors of the pleura are discussed in 
Chapter 26. 

Lymphangiomyomatosis is an uncommon, cytologically “benign,” but locally aggressive 
vascular tumor that is rich in smooth muscle and can mimic low-grade spindle-cell sarcoma in a 
FNA. Buhl et al (1988) drew attention to the organoid configuration of tumor cells as a 
possibly useful diagnostic feature in the needle aspirate. These tumors are not likely to 
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exfoliate into sputum or bronchial specimens. Ackley et al (1998) reported a case with lymph 
node metastases diagnosed by needle aspiration cytology. 

In general, the cytologic presentation of all sarcomas of lung is similar, and 
classification of tumor type on cytologic material alone is virtually impossible. A 
specific classification requires histologic material and often a battery of immunostains. 

Further, it should be emphasized that malignant spindle cells in sputum or a bronchial 
aspirate are much more likely to be derived from a spindle cell or sarcomatoid 
carcinoma than a sarcoma. Thus, it is quite possible for a sarcoma of lung to be 
misinterpreted as spindle-cell carcinoma. Conversely, a mistaken diagnosis of sarcoma may 
be due to exfoliated cells of a primary or metastatic spindle-cell carcinoma in lung (Nakajima, 

1999). 

Avery unusual example of exfoliated, degenerating smooth muscle cells resembling the 
cells of a spindle-cell sarcoma was reported by Takeda and Burechailo (1969) in a patient with 
Wegener's granulomatosis and ulcerative tracheobronchitis. Thus, knowledge of 
clinical data is indispensable before cytologic diagnosis of rare entities can be rendered. 

With the present increasing use of percutaneous needle aspiration biopsy, additional examples 
of these exceedingly rare primary pulmonary sarcomas certainly will be reported. 

Primary Pulmonary Lymphomas 

Lymphomas originating primarily within the lower respiratory tract are rare. It must be assumed 
that they arise within intrapulmonary lymph nodes or in deposits of lymphoid tissue. 

The current classification of malignant lymphomas is complex, based on cytology, antigen 
expression by immunocytochemistry and flow cytometry, and cytogenetics. An overview is 
provided in Chapter 31. In this description of the cytologic presentation of malignant lymphomas 
in the lung, it is sufficient to group them into categories of small-cell and large-cell 
lymphomas and Hodgkin's disease. The cytologic presentation of lymphomas secondarily 
involving lung is identical (see below). 

In an authoritative review of primary pulmonary lymphomas, 36 cases were reported from a 
major cancer center by L'Hoste et al (1984). Twenty-one patients had a small-cell plasmacytoid 
lymphoma; most of the others had a large-cell lymphoma. Many of the small-cell lymphomas 
were originally diagnosed as pseudolymphoma, based on their slow clinical evolution. Most 
have been reclassified as mucosa-associated lymphomas (MALT lymphomas), and the term 
pseudolymphoma must now be considered obsolete. 
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In our experience, primary small-cell lymphoma of lung cannot be diagnosed with 
confidence from exfoliative cytology in sputum, bronchial washings, or brushings. An 

abundance of uniform, morphologically normal lymphocytes or plasmacytoid cells, with or 
without intermixed lymphoblasts, may very well represent an inflammatory lesion or reactive 
hyperplasia of lymphoid tissue (see Chap. 19). Even in patients with known lymphocytic 
lymphoma and a pulmonary tumor, the presence of a uniform population of small lymphocytes, 
while consistent with lymphoma, cannot be considered diagnostic. In principle, it is possible to 
make the diagnosis if a monoclonal population of lymphoid cells is demonstrated, either by flow 
cytometry or by immunocytochemical staining of the cells on a slide, or if the diagnosis is 
confirmed by chromosomal karyotyping on a portion of the specimen (see Chap. 4). This is 
rarely possible in specimens of sputum, bronchial aspirates, or wash specimens. 
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Similarly, percutaneous needle aspiration biopsy of lung has been of little help in the diagnosis 
of primary pulmonary lymphocytic lymphoma, although the cytology of these tumors is better 
demonstrated in needle aspirates than in sputum or bronchial brushings. Needle aspirates do 
have the potential advantage of providing more material for immunocytochemistry and flow 
cytometry to confirm and classify suspected lymphoma. 
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Figure 20-34 Primary large-cell lymphoma of lung. A-C. FNAof lung showing variably 
sized nuclei of lymphoid cells with irregular nuclear configuration, finely granular chromatin, 
and prominent nucleoli. Cytoplasm is scanty or absent. D. Histologic section of lung from 
the same case showing large-cell lymphoma. (A-C: Oil immersion.) 



On the other hand, large-cell lymphomas can be recognized in conventional cytologic 
specimens, and particularly in FNAs. Bardales et al (1996) reported several such cases 
diagnosed by sputum cytology. 



Cytology of Large-Cell Malignant Lymphoma 

The exfoliated cells of large-cell lymphoma are comparable in size to SSC of the lung, and to 
metastatic small-cell malignant tumors from which they must be distinguished. The lymphoma 
cells have round or oval, sometimes folded or indented nuclei with finely textured or 
vesicular chromatin and often-prominent nucleoli (Fig. 20-34)). Like SSC of lung, they 
may have a narrow rim of cytoplasm. However, the bizarre cell forms, variations in cell 
size and necrosis that are common in SSC are not seen in lymphoma. Most 
importantly, the lymphoma cells lie singly, only touching each other in crowded cell 
specimens, unlike the loosely coherent clusters of superimposed cells of SSC; cell 
molding, which is so common in SSC, is not seen in lymphoma. The degree of nuclear 
pyknosis and hyperchromasia is much greater in SSC than in lymphoma, whereas 
nucleolar prominence is significantly greater in large-cell lymphoma. 

A case of the very rare “signet ring cell” lymphoma of the lung was described by Vernon (1981). 

The tumor mimics 
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small-cell adenocarcinoma. For further discussion of this and other common and uncommon 
types of malignant lymphoma, see Chapter 31 . 

When lymphoma is suspected and the cytologic diagnosis is uncertain, one can gain 
considerable help from the ancillary diagnostic techniques of cytogenetics, 
immunocytochemistry and flow cytometry (see Chaps. 4, 45, and 47). 

Primary Hodgkin's disease of the lung is exceedingly rare (Kern et al, 1961). To date, we 
have not encountered a single case diagnosed initially by cytology. The lung is commonly 
involved secondarily, however, particularly in cases of mediastinal Hodgkin's disease, and 
there are several examples of such cases diagnosed by cytology, as discussed below. 

Langerhans' cell tumors and their variants are discussed in Chapter 19. 

PRIMARY BENIGN TUMORS AND TUMORS OF LOW MALIGNANT POTENTIAL 

As a group, the primary benign tumors of lung do not exfoliate well and, when present, the 
exfoliated cells may not be recognized as tumor cells. Cytology plays a role here when 
specimens are obtained by bronchial brushing or by needle aspirates. 




Figure 20-35 Bronchial papillomas. A,B. Squamous papillomas. The tumors are 
composed of uniform, cytologically benign squamous epithelium. C. Hyperkeratotic 
squamous cell atypia in bronchial wash specimen. D. Bronchial epithelial papilloma. B,C, 
and D are from papillomas in the left upper lobe bronchus of the same patient. 



Squamous Papillomas of Bronchi 

These uncommon lesions are usually observed in children and young adolescents as multiple 
papillary squamous tumors involving the larynx, trachea, and bronchi (juvenile 
papillomatosis), and are discussed in Chapter 21. HPV has been detected in mucosal swabs 
of these lesions (Sun et al, 2000). Their growth may subside after puberty, and without other 
predisposing factors, they progress to carcinoma only on rare occasions (Guillou et al, 1991). 

In contrast, the very rare histologically similar squamous papillomas of bronchus of older 
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adults (Fig. 20-35) have a high risk of progression to squamous carcinoma (DiMarco et al, 

1978). The tumors resemble condylomata acuminata of the genital tract (see Chap. 11), and 
HPV has been demonstrated in koilocytes of this lesion by means of anti-HPV antibody and 
electron microscopy (Trillo and Guha, 1988); the subtype of virus was not determined. Rubel 
and Reynolds (1979) described marked dyskaryosis and koilocytosis of squamous cells 
in bronchial brushings, similar to the HPV-induced changes in the uterine cervix. 
Hyperkeratotic atypia of squamous cells (Fig. 20-35C) was 
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noted in a bronchial wash specimen from the patient illustrated in Figure 20-35B who also had a 
bronchial papilloma surfaced by benign bronchial epithelium (Fig. 20-35D). The only other 
case of which we are aware in which a solitary bronchial papilloma presented with cellular 
abnormalities in a cytologic specimen was described by Roglic et al (1975). Although the 
investigators failed to diagnose the lesion prospectively, a review of the photographic 
illustrations in their report strongly suggests that atypical squamous cells resembling 
koilocytes were present in the bronchial brushings. Nonspecific atypias of squamous 
cells were observed in sputum of two patients seen in consultation by one of us (LGK). In 
another very recent case that we saw, there was sufficient cytologic atypia in the intraoperative 
imprint cytology of a squamous papilloma from the upper respiratory tract to raise suspicion of 
squamous carcinoma. 

The differential diagnosis of benign squamous papilloma includes well-differentiated 
exophytic squamous carcinoma. The two entities may have identical gross and superficially 
similar microscopic appearances, but even very orderly squamous carcinomas have significant 
atypia of squamous cells and usually demonstrable invasion of the underlying tracheobronchial 
wall. Such tumors shed squamous cancer cells, some of which may resemble koilocytes. The 
possibility of HPV infection has been raised in these cases (Syrjaanen et al, 1989). There are 
reports of HPV type 16 identified in a verrucous carcinoma of the larynx (Brandsma et al, 1986), 
and HPV type 11 in specimens from a patient with malignant laryngotracheobronchial 
papillomatosis of the lung metastatic to the liver (Byrne et al, 1987). 




Figure 20-36 Granular cell tumor of bronchus. A,B. Histologic section of a granular cell 
tumor of bronchus. The tumor lies under the epithelium and is composed of large cells with 
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abundant, granular, eosinophilic cytoplasm. Nuclei are relatively small and round. C,D. 
Bronchial brush specimen shows coherent groups of large cells with abundant, delicate, 
finely granular cytoplasm and vesicular nuclei with smooth nuclear border and small 
nucleoli. Cell boundaries are indistinct at high magnification. 



Granular Cell Tumor 

Benign granular cell tumors have been observed in many different organs including the tongue, 
skin and breast, as well as the larynx and bronchus (Majmudar et al, 1981) and uncommonly in 
peripheral lung (Schulster et al, 1975). While extremely unusual, there are examples of 
malignant granular cell tumors in the bronchus (Steffelaar et al, 1982; Klima and Peters, 1987; 

Parayno and August, 1996). The tumors are of uncertain origin, although probably derived from 
the neural Schwann cell (Alvarez-Fernandez and Carretero-Albinana, 1987). In the bronchus, 
they are subepithelial in location and composed of sheets of large cells with small 
nuclei and abundant, granular eosinophilic cytoplasm that contains numerous lysosomes 
(Fig. 20-36A,B). Granular cell tumors may grow to substantial 
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size and cause bronchial obstruction, thereby clinically mimicking bronchogenic cancer. Naib 
and Goldstein (1962) were the first to describe the cytologic presentation of this tumor, followed 
later by Giant et al (1979). 

Cytology 

Granular cell tumors do not exfoliate easily, and we are unaware of any cases diagnosed by 
sputum cytology. In bronchial brushings and aspirates, the tumor presents in cohesive 
sheets of large cells with slightly hyperchromatic but round or oval nuclei, visible 
nucleoli and abundant, granular, faintly basophilic cytoplasm. Cell borders are ill- 
defined (Fig. 20-36C,D). Single tumor cells are usually poorly preserved, and their 
cytoplasm is often frayed (Thomas et al, 1984; Fuzesi et al, 1989; Chen, 1991; Guillou et al, 

1991). Smith et al (1998) described a granular cell tumor in the posterior superior 
mediastinum, diagnosed by percutaneous needle aspiration. As in bronchial brush specimens, 
the tumor cells were large, polygonal or spindly, with granular cytoplasm and indistinct cell 
borders. In agreement with Giant et al (1979), we found that the most important feature 
distinguishing cells of granular cell tumor from macrophages is the coherent clustering 
of the tumor cells, virtually never seen with macrophages. The distinction between 
benign and malignant granular cell tumors is based on conventional cytologic criteria, and on 
clinical presentation; however, the malignant granular cell tumors are so rare that the reader is 
cautioned not to make the diagnosis without very strong evidence. 

Oncocytoma 

These benign tumors are fairly common in the salivary glands and in the thyroid, less common 
in other organs such as the kidney, but are extremely rare in the lung where they may be 
related to carcinoid tumors (see above). Pulmonary oncocytomas, like those at other sites, 
are composed of sheets of large, eosinophilic cells with large, sometimes multiple, 
often hyperchromatic nuclei. Characteristically, the cytoplasm of the tumor cells is 
filled with mitochondria (Black, 1969; Fernandez and Nyssen, 1982; Alverez-Fernandez and 
Carretero-Albinana, 1987; Santoz-Briz et al, 1977). 
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The cytology of bronchogenic oncocytoma was described in a case report by Cwierzyk et al 
(1985). They observed large cells with granular cytoplasm, dark nuclei, and prominent 
nucleoli in bronchial brushings, similar to the cells of oncocytomas of other organs. 

Laforga and Aranda (1999) recently described a case of multicentric oncocytomas of the lung 
studied by FNAin which cell aggregates and fragments of tissue were made up of rounded 
tumor cells with granular cytoplasm that reacted immunocytochemically with anti-mitochondrial 
antibodies. 

Clear Cell (Sugar) Tumor 

These are very rare, sharply demarcated benign lung tumors of unknown histogenesis, so 
named by Liebow and Castleman (1971) because of a strongly positive periodic acid-Schiff 
(PAS) reaction for glycogen content in the clear cytoplasm of the tumor cells. The tumors do not 
shed cells into sputum or bronchial secretions. In a percutaneous aspirate, Nguyen (1989) 
described large irregular clusters of polygonal and spindle-shaped, benign-appearing 
cells with finely vacuolated, granular, PAS-positive cytoplasm and small nuclei. Large 
cells with granules radiating out from the nucleus were referred to as “spider” cells. The tumor 
cells may contain finely granular brown lipochrome pigment and, since the cells react with 
HMB-45 antibody to pre-melanosomes, the diagnosis of melanoma has to be excluded. The 
differential diagnosis must include other clear-cell tumors, including the rare clear-cell 
bronchogenic carcinoma and metastatic tumors with clear cytoplasm, such as renal cell 
carcinoma and clear-cell sarcoma. 

Hamartomas 

These are relatively common intrapulmonary malformations that may present as coin lesions 
or may mimic lung cancer in roentgenologic images. They are well-circumscribed tumors 
that shell out easily from lung parenchyma and have a chondroid or fibrous texture on a cut 
surface. Histologically, they are composed of cartilage, fibrous or loosely structured 
fibromyxoid connective tissue associated with bronchial epithelium and rudimentary 
bronchial structures lined by epithelial cells of respiratory type (Fig. 20-37A). 

Hamartomas do not communicate with bronchi and cannot be diagnosed on sputum or 
bronchial material. Percutaneous needle aspiration is the only diagnostic method short of 
thoracotomy. Still, the aspirates are often unsatisfactory because the tumor is too firm for the 
needle to penetrate and is pushed away by it; the “screw needle” described in Chapter 19 was 
devised to overcome this. If an adequate sample is obtained, fragments of loosely 
structured connective tissue, fibromyxoid stromal components (which are S-100 
positive), and benign epithelium occasionally with bits of cartilage may be observed 
(Fig. 20-37B-D) (Dahlgren, 1966; Ramzy, 1976; Sinner, 1982; Wiatrowska et al, 1995). The 
epithelial cells, which are derived from the rudimentary bronchi, may show some 
atypia, including intranuclear cytoplasmic inclusions or nuclear holes as described in 
Chapter 19. 

Primary Pulmonary Meningioma 

Meningiomas, whether primary or metastatic, are exceedingly rare in the lung, but have been 
described and may be multiple (see Lockett et al, 1997, for a review of reported cases). Ueno 
et al (1998) were able to make an intraoperative diagnosis on cytology imprints of a 
thorascopically resected tumor by the presence of whorled nests of cells accompanied by 
psammoma bodies. Minute meningotheliomatous tumors (Travis et al, 1999) or 
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chemodectomas are a different entity, and like tumorlets, they are not likely to be sampled. For 
further description of the cytology of meningiomas, see Chapter 42. 

P.694 




Figure 20-37 Hamartoma of lung. A. Hamartomas are circumscribed tumors composed of 
fibrous tissue, bronchial epithelium, usually with cartilage or other connective tissue 
elements. B-D. FNA showing the unique mixture of epithelial and stromal components that 
characterize this tumor. Cartilage, if present, is virtually diagnostic. Note the nuclear holes 
in D. 



Inflammatory pseudotumor (plasma cell granuloma; inflammatory myofibroblastic 
tumor) was discussed in Chapter 19. 

CYTOLOGY OF TUMORS METASTATIC TO THE LUNG (OTHER THAN 
LYMPHOMAS) 

Patients with a past history of cancer at another site who develop a lung lesion must be 
thoroughly investigated with the following options to be considered: 

■ The lesion is a metastasis 

■ The lesion is benign with special consideration of: 

a. Bacterial, viral, or mycotic infection 

b. Effect of treatment by radio- or chemotherapy 

■ The lesion is a primary lung cancer 

The benign lesions and complications of therapy have been discussed in Chapter 19. Here we 
consider recognition of metastatic tumors by cytologic techniques. The dominant thought 
in these investigations should be that the lesion is not a metastasis until documented. It is 
important to emphasize that knowledge of the clinical findings and review of prior 
histologic and cytologic material are important safeguards to ensure maximal accuracy of 
a diagnosis that often carries with it major therapeutic and prognostic consequences for the 
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patient. 

Metastatic tumors in the lung may be identified by cytologic techniques (although not 
necessarily classified) in about half of the cases, including a great variety of tumors from 
many different primary sites (Koss et al, 1964). The probability of a positive diagnosis in any 
particular case is a function of tumor type, size and location in the lung, and the type of 
cytologic sample. Kern and Schweizer (1976) found sputum cytology to be as effective a 
diagnostic technique for metastatic cancer as for primary carcinoma of the lung. However, many 
metastatic tumors do not communicate with a bronchus, at least until they are relatively large. In 
our experience, the yield in sputum or bronchial aspirates is somewhat less for metastatic than 
for primary lung cancers (Koss et al, 1964). The yield from transbronchial or percutaneous 
needle aspirates is not affected by presence or absence of bronchial communication, but is 
more successful for larger metastases in easier reach of the aspirating needle. 

Burke and Melamed (1968) reported on 92 consecutive patients (two-thirds males and one-third 
females) with (exfoliative) cytologic evidence of metastatic cancer to the lung, confirmed by 
histologic or clinical evidence. Their study antedated the common use of needle aspiration 
cytology. The 
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most frequent primary source of metastases was carcinoma of the esophagus, 
followed in order of frequency by colon, breast, lymphoma and leukemia, prostate, 
stomach, malignant melanoma, and a group of miscellaneous tumors of other sites. 

Eighty-six patients had radiographic evidence of metastatic disease, but in 6 patients, sputum 
cytology revealed metastatic carcinoma in the absence of roentgenologic 
abnormalities, possibly due to lymphangitic spread; in four of these six patients, an autopsy 
was performed and confirmed metastatic tumor. In a more recent report from the same 
institution that included FNA cytology but excluded the esophagus, the most common 
primary sites of metastases to lung, in decreasing frequency, were breast, colon, 
kidney, bladder, and melanoma (Zaman et al, 1986). It should be noted that these 
observations were from a cancer hospital with many referrals of problem cases and may not be 
representative of other institutions. However, it is clear that a broad spectrum of primary tumors 
metastatic to the lung is amenable to cytologic diagnosis. 

Identification of Site of Origin of Metastatic Cancer 

In the absence of clinical history, the cytologic diagnosis of primary versus metastatic cancer 
may be very difficult. With knowledge of age and gender, however, there are cytologic patterns 
in which preference for the primary site of origin of a metastatic carcinoma may be expressed. 
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Figure 20-38 Metastatic colonic carcinoma in lung. A. Of greatest differential diagnostic 
value is the presence of a linear group of columnar cells with one straight border. B. Also of 
diagnostic value is necrotic cellular debris in the background. C. The presence of clusters 
of columnar cells, or a strip of columnar cells with a straight edge, even if benign 
appearing, is highly suspicious of metastatic colonic carcinoma. D. Evidence of mucin 
secretion is consistent with, but not specific for, colonic carcinoma. 



Colon 

Metastatic colonic carcinomas typically shed cuboidal or columnar cells in clusters with 
one straight border, superficially resembling bronchial epithelial cells. The cells are not 
ciliated and they do not have a terminal bar. Nuclei are relatively large, larger than 
most bronchial cells, and ovoid, usually with coarsely textured chromatin (Fig. 20-38A). 

There is almost always tumor necrosis and the cytology smears have a dirty 
background with much necrotic and inflammatory cellular debris (Fig. 20-38B). An FNA 
may yield tall columnar cells aligned in a linear strip with a picket fence appearance, 
usually with some single cells, resembling bronchial cells (Fig. 20-38C), but it should be 
remembered that few if any columnar bronchial cells are found in aspirates of peripheral lung, 
and columnar cells are rarely shed from primary adenocarcinomas of lung. Thus, the presence 
of a linear strip of columnar cells in sputum, or in a bronchial or needle aspirate, 
whether obviously malignant or not, should arouse suspicion of metastatic colonic 
carcinoma, particularly if 
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associated with necrotic cellular debris. Metastatic colonic carcinomas also shed mucin- 
secreting cancer cells (Fig. 20-38D), including so-called “signet ring cells.” The late Dr. John 
Frost emphasized that the nuclei of signet ring cancer cells “pushed the cell membrane out,” 
something one does not see with benign vacuolated cells. Necrosis is a frequent finding and 
colonic carcinoma must be considered if cells of adenocarcinoma with no specific features lie in 
a background of necrotic cellular debris. 

Koizumi and Schon (1997) emphasized that nuclear hyperchromasia may be absent in 
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some metastatic colonic cancers, and that the cancer cells may have pale nuclei with distinct 
nuclear membranes and prominent nucleoli (Fig. 20-38D). These investigators also found 
that the metastatic tumors sometimes shed smaller cancer cells than the corresponding primary 
tumor, perhaps due to differences in needle aspirate versus brush cytology techniques. 

Breast 

Metastatic mammary carcinoma is by far the most common source of metastatic lung cancer in 
women. The tumors shed a great variety of tumor cells that vary in size and configuration 
but generally match the histologic pattern of the tumor (Fig. 20-39AB). Most often, they 
present in groups and clusters, sometimes in papillary configuration, but also as single 
malignant cells that may be large, moderate in size, or small. Regardless of cell size, the 
nuclei are relatively large and may be vesicular with nucleoli (Fig. 20-39A), or they may 
be hyperchromatic and irregular or angular in configuration with nucleoli that are less 
conspicuous (Fig. 20-39C). The cytology in bronchial secretions is similar to sputum and 
typically diagnostic of adenocarcinoma, although not usually organ specific (Fig. 20-39D). A 
feature of small-cell mammary carcinoma, usually lobular carcinoma, is the 
arrangement of tumor cells in single file (Indian file) (Fig. 20-39C). In some cases of 
metastatic lobular carcinoma, the cancer cells are miniature signet ring cells, with a mucus 
vacuole in the center of the cell pushing the nucleus to one side. Other small-cell cancers can 
mimic this pattern, notably SSC of lung (see Chap. 29). 




Figure 20-39 Metastatic mammary carcinoma. A This is the most common presentation 
in sputum as clusters and single small cancer cells, some with vesicular nuclei and small 
nucleoli, others with hyperchromatic nuclei. B. Histologic section of the primary infiltrating 
duct carcinoma from the same case. C. Sputum cytology from another case showing small 
tumor cells with hyperchromatic nuclei in “single file.” D. Bronchial wash specimen showing 
a cluster of small cells with vesicular nuclei and small nucleoli, similar to the sputum 
specimen in A 



The cells from rare cases of metastatic carcinoma of male breast are identical to those derived 
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from duct carcinomas of female breast. 

Clinical history is paramount in the diagnosis of metastatic mammary carcinoma. If confirmatory 
evidence is desired, it may be of help to stain for cytoplasmic mucin and to demonstrate 
estrogen receptor expression by immunocytochemistry, 
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although neither is specific whether present or absent. For further discussion of metastatic 
mammary carcinoma, see Chapter 26. 

Kidney 

Metastatic renal carcinoma may be observed in patients with an occult primary tumor. Until the 
recent almost routine use of CT and ultrasound examinations of patients with vague abdominal 
symptoms small, asymptomatic renal carcinomas escaped detection and as many as one-third 
of renal cortical carcinomas were first diagnosed in a metastatic site. Many still are. The 
tumor cells contain abundant cytoplasmic lipid, accounting for the classical clear cell 
appearance of the tumor (Fig. 20-40A). The cytologic diagnosis is suggested by cancer 
cells with large vesicular nuclei and prominent nucleoli, with abundant clear or faintly 
staining delicate cytoplasm. Often, the fragile cytoplasm is lost as the tumor cells are 
aspirated or exfoliated, and the cells present as bare nuclei or with only wisps of cytoplasm. 

They may be single or in small clusters (Fig. 20-40B). 

Although this classical presentation is commonly observed, renal cancer may exhibit diverse 
other cytologic patterns, including cells with granular eosinophilic cytoplasm, or elongated or 
spindly cancer cells mimicking sarcoma (Fig. 20-40C). In such cases, positive 
immunostaining for keratins and vimentin is often helpful, as this combination of staining is 
observed in few other tumors. 




Figure 20-40 Metastatic renal cortical carcinoma. A Primary renal carcinoma showing 
the typical highly vascularized tumor composed of large cells with clear cytoplasm. B. FNA 
of tumor metastatic to the lung, yielding cells with large, round or oval vesicular nuclei with 
small nucleoli. The delicate cytoplasm is stripped away, leaving only a few adherent wisps 
of cytoplasmic material. C. Not uncommonly, the cells of renal cortical carcinoma have 
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granular, eosinophilic cytoplasm, and may be spindly or sarcomatoid. 



Urothelial Carcinoma 

Metastatic urothelial carcinomas can rarely be identified as to site of origin. We have seen 
cases in which the needle aspirate yielded tumor cells similar to umbrella cells, for 
example, large, flat, mononuclear or multinuclear crescent-shaped cells, with a thick, 
retractile cell border corresponding to the asymmetric unit membrane (see Chap. 22) (Fig. 20- 
41 A). We have not observed such cells in other metastatic tumors. More commonly, however, 
the aspirate contains nondescript epithelial tumor cells, or spindly, columnar or cuboidal cells 
(Fig. 20-41 B). In exceptional cases, the FNAof a lung metastasis may have a remarkable 
resemblance to fragments of low-grade papillary urothelial tumors of the bladder (see Chap. 

23). 

Some observers report cercariform cells to be diagnostic of metastatic urothelial cancer in 
aspirates (FNA). The cells are described as cancer cells with exceptionally long cytoplasmic 
processes that have a bulbous or flattened end (Powers and Elbadawi, 1995; Renshaw and 
Madge, 1997; Hida and Gupta, 1999). Although we have observed elongated cancer cells in 
aspirates of well-differentiated metastatic urothelial carcinomas (Fig. 20-41), we do not consider 
them to be specific. Antibody to uroplakin has been shown to specifically recognize 
metastatic urothelial cancer in tissues and in circulating blood (Moll et al, 1995; Wu et al, 1998; 

Li et al, 1999). 

Renshaw et al (1997) investigated the frequency of small cells with eosinophilic cytoplasmic 
inclusions in pulmonary 
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effusions and concluded that such cells are more common in the presence of metastatic 
urothelial carcinoma than in lung cancer. As discussed in Chapter 22, the inclusions are 
composed of cytoplasmic filaments in cells undergoing degeneration, and are very common in 
benign urothelial cells in the urinary sediment. Their alleged association with metastatic 
urothelial cancer is puzzling and awaits confirmation and evaluation. 




Figure 20-41 Metastatic urothelial carcinoma. A. Afinding of umbrella cells shown here 
is unusual but strongly suggestive of urothelial carcinoma. B. More commonly, the aspirate 
will contain spindly and columnar or cuboidal epithelial cancer cells. 
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Malignant Melanoma 

Metastatic melanomas may mimic all types of malignant tumors and present considerable 
difficulties in diagnosis, particularly in patients whose primary tumor is either unknown or was 
treated many years before as a “benign nevus.” Metastatic melanoma in the lung usually 
sheds nonpigmented cancer cells and in the absence of clinical history, they are seldom 
specifically identified. The diagnosis of metastatic malignant melanoma may be suspected, 
however, if the cells have very large nucleoli and/or intranuclear inclusions of 
invaginated cytoplasm (nuclear holes). If the cancer cells are large and contain the 
fine, dusty brown pigment of melanin, a definitive diagnosis of melanoma can be 
established (Fig. 20-42). It is important to remember, however, that in patients with 
disseminated melanoma and sometimes in heavily suntanned individuals, the alveolar 
macrophages may contain phagocytized melanin, usually seen as a very fine yellowish 
brown coloration of the cytoplasm; and the sputum may contain macrophages with 
engulfed pigment that must not be confused with pigmented melanoma cells. The 
differential diagnosis of pigments commonly present in macrophages is discussed in Chapter 
19. If the nucleus is obscured by what is believed to be melanin, the pigment should be 
removed by bleaching and the slide restained to permit evaluation of the suspect cells. The 
cells of melanoma are usually larger than pigment-containing macrophages, and they 
exhibit the nuclear abnormalities of cancer cells. If material is available for a cell block, 
immunostaining with the antibody to pre-melanosomes (HMB-45 or Melan-A) will be 
positive in most melanoma cells and negative in macrophages. The antibody to S-100 
protein is more sensitive but less specific, and is most useful if negative. Metastatic 
melanoma should always be included in the differential diagnosis of metastatic 
malignant tumors of unknown primary site. 
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Figure 20-42 Metastatic malignant melanoma in sputum. Large nucleoli and fine 
cytoplasmic pigment are strongly suggestive, if not diagnostic of melanoma. (B: oil 


immersion.) 
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Pancreatic Islet Cell Tumor 

We have encountered one case of metastatic pancreatic islet cell tumor in an FNAof lung from 
a 75-year-old man. The tumor cells formed loosely cohesive, flat clusters of uniform cells with 
eccentrically placed nuclei, occasional giant nuclei, and a moderate amount of cytoplasm (Fig. 
20-43). Not surprisingly, the cytology was indistinguishable from that of a carcinoid tumor (see 
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Chap. 39). 



Tumors with Psammoma Bodies 

Concentrically laminated, calcified psammoma bodies may be observed in specimens of 
sputum, bronchial aspirates, or FNA cytology. Their interpretation depends on the company 
they keep. If the calcified bodies are not accompanied by cancer cells, the possibility of a 
primary calcific process in the lung (pulmonary alveolar microlithiasis, pneumoliths) must be 
considered (see Chap. 19). Once this has been ruled out by the presence of suspicious or 
frankly malignant cells accompanying the psammomas, the relationship of the cells to the 
calcific deposits is of diagnostic importance. 

■ The most common source of cancer cells with psammomas in sputum is papillary 
bronchioloalveolar or adenocarcinoma of lung. The psammomas may be separate or 
only loosely related to moderate-size cancer cells (see Fig. 20-1 2D). 

■ If the psammomas lie within clusters of obvious, large cancer cells, metastatic ovarian 
or, much less likely, endometrial or tubal carcinomas must be considered. In most such 
cases, before there are lung metastases, there is clinical evidence of a pelvic mass or intra- 
abdominal metastases with ascites. 

■ If the psammomas are integrated within clusters of smaller, generally uniform and innocuous- 
appearing cancer cells, metastatic thyroid carcinoma is a strong possibility. One should 
search for tumor cells with nuclear creases or intranuclear cytoplasmic inclusions (see Chap. 
30). 



Figure 20-43 Metastatic pancreatic islet cell tumor. FNA of the pulmonary metastasis 
yielded flat clusters of uniform cells of “plasmocytoid” configuration indistinguishable from 
carcinoid tumor. The presence of an occasional cell with a larger nucleus is not unusual. 



Rare examples of other tumors associated with psammoma bodies have been reported, 
including metastatic breast cancer with giant cells (Ludwig and Gero, 1987), and 
metastatic ameloblastoma (Levine et al, 1981). We have also observed psammoma bodies 
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in mesothelioma, usually in effusions or needle aspirates of tumor (see Chap. 26). 

Metastatic Carcinomas, Not Further Specified 

Most metastatic carcinomas occur as single cells or in clusters with no specific cytologic 
features for assigning tumor type or organ of origin. One can only make an educated guess 
based on clinical and radiologic findings, age, gender, etc. Papillary groups of tumor cells with 
vacuolated cytoplasm that are readily identified as adenocarcinoma may originate from 
metastatic carcinomas of the breast, prostate, pancreas, bowel, stomach or endometrium, and 
often cannot be differentiated from primary bronchogenic adenocarcinomas. 
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The problem of metastatic squamous carcinoma in the lung is even more vexing because it is 
much less common than metastatic adenocarcinoma, and the tumor cells cannot be 
differentiated from those of a primary squamous lung cancer. Thus, cells from metastatic 
squamous carcinomas of the esophagus, the buccal cavity or larynx, and even the 
uterine cervix may all look alike, and in the absence of accurate clinical information, one 
may erroneously assume that they are derived from a primary bronchogenic carcinoma. On the 
other hand, the history of a treated carcinoma of another organ does not rule out the possibility 
of a second primary bronchogenic carcinoma. 

The cytologic diagnosis of a new primary lung cancer should be favored in patients 
with a past history of carcinoma of different histologic and cytologic type. For example, 
the diagnosis of lung cancer would be favored in a patient with a history of adenocarcinoma 
who now has squamous cancer cells in a cytologic specimen, or vice versa. Aword of caution 
is indicated here: cells originating from metastatic cancers of any type may appear 
eosinophilic in exfoliated material because of poor preservation. Thus, cytoplasmic 
eosinophilia of a few poorly preserved cells is not a sufficient criterion to label cancer 
cells as squamous. 

Special stains are sometimes of help in classification of a metastatic tumor. Examples 
are the immunocytochemical demonstration of thyroglobulin in thyroid carcinoma; 
calretinin for mesothelioma; cytokeratin and vimentin to distinguish epithelial from 
non-epithelial tumors (except that renal carcinoma and mesothelioma may contain 
both); prostate-specific antigen or prostatic acid phosphatase in prostatic cancer; HMB- 
45, Melan-A, and S-100 in malignant melanoma; alkaline phosphatase in the case of 
osteogenic sarcoma; estrogen or progesterone receptor expression in breast cancer; 
and lymphocyte common antigen (CD-45) for lymphoid cells. None of these are entirely 
specific, and must be interpreted with consideration of cytologic morphology and clinical 
context. Among the more useful conventional special stains is mucicarmine staining for 
identification of mucin-secreting adenocarcinoma. Unfortunately, there is rarely enough 
material in difficult cases to carry out the battery of special stains and immunocytochemical 
reactions that are possible with histologic specimens. In fortuitous cases, a cell block may be 
available for such studies. 
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Figure 20-44 Metastatic sarcomatoid squamous carcinoma. A,B. FNAof pulmonary 
metastasis from sarcomatoid squamous carcinoma of the esophagus in a 48-year-old man. 
C. Biopsy of sarcomatoid carcinoma of esophagus in the same case. (A: Diff-Quik stain; B: 
Papanicolaou stain.) 



Metastatic Sarcomas 

Metastatic sarcomas are much less common than metastatic carcinomas, but more 
common than primary sarcomas of lung. Ali et al (1998) reported making the diagnosis of 
metastatic leiomyosarcoma by cytologic examination of sputum but, except for such rare 
examples (see below), the sarcomas are best sampled by percutaneous needle 
aspiration (Kim et al, 1986). Even with adequate sampling, specific classification of a 
metastatic sarcoma, or differentiation from sarcomatoid carcinoma (Fig. 20-44A-C) may 
not be possible without the primary tumor for comparison. Hajdu and Koss (1969) and 
Hajdu and Hajdu (1975) 
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pointed out that spindly tumor cells are shed by some metastatic sarcomas, whereas others, 
and particularly embryonal rhabdomyosarcomas, may be remarkably pleomorphic. We have not 
always been able to classify the pulmonary metastases of solid small-cell malignant tumors of 
childhood. Nor have we often been successful, for example, in the search for striations in 
known cases of metastatic rhabdomyosarcoma. However, it is possible to make an educated 
guess of tumor type based on cytologic pattern with knowledge of the patient's age 
and clinical and radiologic findings (see below). 

Publications within the last several years have included reports of needle aspirates of 
metastatic epithelioid sarcoma (Niemann and Bottles, 1993), chondrosarcoma (Abdul-Karim 
et al, 1993), synovial sarcoma (Costa et al, 1997; Silverman et al, 2000), Ewing's sarcoma 
(Collins et al, 1998), osteosarcoma (Nicol et al, 1998) and alveolar soft part sarcoma 
(Logrono et al, 1999). We have observed metastatic Ewing's sarcoma (Fig. 20-45A) and 
metastatic testicular embryonal carcinoma (Fig. 20-45B) in sputum cytology specimens. Koss 
previously illustrated a multinucleated tumor cell of metastatic testicular choriocarcinoma in 
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sputum (1992). 

Criteria for the cytologic diagnosis and classification of metastatic sarcoma are not different 
from those of primary sarcoma. In most cases, the primary site and type of tumor are already 
known when needle aspiration of a clinically suspected metastasis is performed, usually to 
confirm the clinical diagnosis and exclude an incidental benign neoplasm, or to rule out an 
inflammatory process that may be a consequence of therapy. Caution is indicated before 
making a diagnosis on very scanty evidence, or if cytologic morphology is not consistent with 
the clinical setting. In the final analysis, knowledge of the clinical history and review and 
comparison of the cytologic findings with histologic sections of a previously removed 
or biopsied cancer is key to the identification and classification of many metastatic 
tumors. 
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Figure 20-45 Metastatic small-cell tumors. A Metastatic malignant tumor cells in the 
sputum of a 21-year-old man with known bone tumor. In this setting, the cluster of small, 
coherent malignant cells can confidently be reported as consistent with Ewing's sarcoma. 
B. Metastatic embryonal carcinoma in a specimen of sputum. The tumor cells are clearly 
malignant, with visible nucleoli. In a young man with known testicular tumor, the differential 
diagnosis includes embryonal carcinoma and seminoma. The variation in nuclear 
configuration and chromatin texture, variable nucleoli, and abundant cytoplasm all favor 


embryonal carcinoma. 





Malignant Lymphomas Secondarily Involving Lung 
Non-Hodgkin's Lymphoma 

Lymphomas of all types may make their appearance in sputum or bronchial aspirates. As 
already noted, well-differentiated small-cell lymphoma/chronic lymphocytic leukemia 
(SCL/CLL) presents as single or loosely aggregated small lymphocytes that differ little 
from normal lymphocytes (Fig. 20-46A). They may exhibit slight variability in size, minimal 
granularity of nuclei, and sometimes slight hyperchromasia or visible nucleoli, but these are 
subtle differences. Also subtle, but of diagnostic value, the cells of SCL/CLL are much 
more uniform than those of nonneoplastic lymphoid tissue; they do not show the 
variability and variety of cell types that constitute the pattern of cells from 
inflammatory processes or hyperplastic lymphoid tissue that may be dislodged from 
tonsillar tissue or lymphoid nodules in the bronchial wall. 
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Large-cell lymphomas shed cells that are more easily recognized as lymphoma. They are 
most readily diagnosed in FNA specimens in which they comprise a single population of cells 
that contrasts with the mixed population of reactive lymphoid tissue. The cells are twice the 
size of mature lymphocytes, or larger, and in the case of large-cell anaplastic (K1) 
lymphomas, they may be as large as small-cell (oat cell) carcinoma or some soft tissue 
sarcomas, or even larger. On occasion, they may be mistaken for anaplastic carcinoma, even 
in histologic section. As in effusions, they have nuclei that are irregularly round or ovoid with 
nuclear protrusions, indentations and folds, and finely textured or vesicular nuclei, many with 
prominent nucleoli (Fig. 20-46B,C). The cells are often stripped of their delicate cytoplasm, and 
it is useful to search for cytoplasmic fragments (lymphoglandular bodies) in the background 
of the smear (Fig. 20-46C). Since primary carcinomas of the lung may occur in patients with a 
past history of lymphoma, the differential diagnosis with small-cell (oat 
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cell) carcinoma is of particular importance, especially if sampling is scanty (see above for a 
discussion of the distinguishing features of SSC versus lymphoma). 




Figure 20-46 Malignant lymphoma/leukemia. A. Sputum specimen with a loose 
aggregate of uniform small lymphocytes from a patient with chronic lymphocytic leukemia 
involving lung. B,C. Large-cell lymphoma in a bronchial brush ( B ) and FNA(C) specimen 
from two different patients. The tumor cells are much larger than mature lymphocytes, 
approaching the size of SSC, but loosely arranged without forming coherent clusters. 
Nuclei are irregularly rounded or ovoid with indentations, protrusions and creases, finely 
textured chromatin, and prominent chromocenters or nucleoli. Note the “lymphoglandular 
bodies,” best seen in C. (C: oil immersion.) 



Hodgkin's Disease 

In a review of the cytology of sputum and bronchial lavage specimens from patients with 
Flodgkin's disease involving the lung (Suprun and Koss, 1964), mono- and binucleated cells 
were observed that had prominent nuclei and large eosinophilic nucleoli. The 
resemblance to classic binucleated Reed-Sternberg cells was striking (Fig. 20-47AB). Yet even 
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in those cases, in the absence of a clinical history, differentiation from other types of 
cancer was tentative at best. The difficulty was compounded in patients with a history of 
prior radiotherapy to the mediastinum, in whom the resulting cellular atypia with marked nuclear 
pyknosis and often striking cytoplasmic eosinophilia made cell classification very difficult. 
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Figure 20-47 Hodgkin's disease. A Binucleated Reed-Sternberg cell with prominent 
nucleoli in sputum. B. Reed-Sternberg cells together with less specific tumor cells identical 
to those of large-cell lymphoma in sputum of a patient with pulmonary involvement by 
Hodgkin's disease. ( B : oil immersion.) 



In most cases, only rare single tumor cells are found in sputum of patients with Hodgkin's 
disease but, on rare occasions, we have seen Reed-Sternberg cells within groups of tumor 
cells resembling those of large-cell lymphoma (Fig. 20-47B). 
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Others who have described tumor cells of Hodgkin's disease in cytology specimens include 
Reale et al (1983) who reported six cases and Fullmer and Morris (1972) who were able to 
establish the diagnosis of mediastinal Hodgkin's disease by sputum cytology. Levij (1972) 
described a patient with cavitary Hodgkin's disease in the lung diagnosed by cytology. More 
recently, Sharma et al (1986), Bardales et al (1996) and Stanley et al (1993) reported additional 
cases of Hodgkin's disease with lung involvement. 



Mycosis Fungoides 

In disseminated mycosis fungoides, a T-cell lymphoma of skin, pulmonary 
involvement is common and the cytologic diagnosis of malignant lymphoma has been made in 
bronchial brushings (Ludwig and Balachandran, 1983) and in sputum (Rosen et al, 1984; 
Shaheen and Oertel, 1984). The diagnosis of lung involvement by mycosis fungoides can be 
made only in patients with known cutaneous disease, in whom small or large mononuclear 
lymphoid cells with cerebriform nuclei are found in company of atypical lymphocytic cells 
(see also Chap. 34). 

Primary Pulmonary Thymoma 

These rare intrapulmonary tumors have been observed in percutaneous aspiration biopsies, 
and the aspirates may be confused with large-cell lymphoma (Fig. 20-48). They are similar to 
primary thymomas of mediastinum, described in Chapter 37. 
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Plasmacytoma (Plasma Cell Myeloma, Multiple Myeloma) 

Plasma cell tumors have been described in needle aspirates of various organs and in effusions, 
but rarely in sputum or bronchial aspirates. Geisinger et al (1986) reported one such case 
among 126 patients studied. The diagnosis is made on finding an increased number of plasma 
cells with atypical and immature forms in sputum or bronchial specimens of patients 
known to have disseminated plasmacytoma and suspected of lung involvement clinically or 
radiologically. In some cases, the aspirate may contain lymphoid blast cells that suggest 
lymphoma but not necessarily plasmacytoma. Before making the diagnosis of plasma cell 
myeloma on a needle aspirate of an infiltrate in the lung that is rich in plasma cells, one would 
have to consider plasma cell granuloma (a pseudotumor with plasma cells) and other chronic 
inflammatory processes in the differential diagnosis (see Chap. 19). 




Figure 20-48 Subpleural pulmonary thymoma. A FNA B. Histologic section. 
Differentiation from lymphoma by cytologic features alone may not be possible. (Diff-Quik.) 



Leukemia 

Leukemic cells in blastic phase may occasionally be identified in sputum. This finding can be of 
assistance in evaluating the clinical status of the patient and in planning therapy. The cytology 
is not unlike that of non-Hodgkin's lymphoma (see also Chap. 26). 

Microvascular Cytology 

An interesting technique for sampling and identifying the cancer cells in cases of lymphangitic 
spread of metastatic cancer was proposed by Masson et al (1989). They reported finding 
cancer cells in blood samples obtained by wedged pulmonary artery catheter and examined by 
cytologic techniques. Success was claimed in seven of eight patients (see also Chap. 30 for 
comments on cancer cells in the blood). 

Accuracy of Pulmonary Cytology 

Principal Sources of Error in the Diagnosis of Bronchogenic Carcinoma 

Careful collection and processing of cytology specimens and close correlation with 
clinicoradiologic imaging is absolutely necessary if one is to achieve optimum diagnostic 
results. In general, a false-positive diagnosis is more serious an error than a false-negative 
diagnosis, and Tables 20-7, 20-8, and 20-9 list the principal sources of such errors. Above all, 
inconsistencies between clinical findings and cytologic diagnosis must not be allowed to go 
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TABLE 20-7 PRINCIPAL SOURCES OF ERROR IN THE CYTOLOGIC DIAGNOSIS OF 

PRIMARY SQUAMOUS LUNG CANCER 


Sources of Error 


Helpful Diagnostic Features 


Irradiation effect 
on benign 
squamous cells 


History of radiation; bizarre enlarged cells, smudgy nuclei, 
vacuoles, multinucleation 


Tracheitis sicca 


Permanent tracheostomy; abnormal squamous cells from near 
stoma in cough specimen or aspirate; not in bronchial specimen 


Atypical 

squamous 

metaplasia 


Atypical cells in clusters, no single cells. Often after mechanically 
assisted respiration (ARDS) 


Cancer 

chemotherapy 

(particularly 

Myleran) 


History of chemotherapy, primarily for leukemia or organ 
transplant. Cellular changes often bizarre. May be seen in children 
on chemotherapy. 


Mycetoma with 
atypical 
squamous 
metaplasia 


Presence of fungus. X-ray shows cavity with “fungus ball.” 


Vegetable cells; 
pollen 


Thick refractile cell wall, characteristic morphology, yellow pigment 


Mucoepidermoid 

carcinoma 


A rare tumor arising in major bronchi; abnormal squamous cells 
accompanied by mucus-secreting glandular cells 


Metastatic 

squamous 

carcinoma 


History of cancer, radiologic findings 


Upper 

respiratory tract 
carcinoma 


Cancer cells in sputum, not in bronchial specimens; negative 
chest x-ray; origin located by careful exam of upper respiratory 
mucosa and scrape cytology or biopsy of suspicious lesions 
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TABLE 20-8 PRINCIPAL SOURCES OF ERROR IN THE CYTOLOGIC DIAGNOSIS OF 

ADENOCARCINOMA OF LUNG 



Sources of Error 


Helpful Diagnostic Features 


Papillary fragments of 
hyperplastic bronchial 
epithelium (“Creola” 
bodies) 


Presence of goblet cells within the papillary fragments of 
bronchial epithelium. Cilia or terminal plates of surface 
epithelium. History of asthma, bronchiectasis. 


Atypical bronchial cells; 

cytomegaly, 

karyomegaly 


Presence of cilia or terminal plates; cells often retain 
columnar or cuboidal shape 


Numerous goblet cells 
misinterpreted as 
mucinous 
adenocarcinoma 


Retained columnar shape, small basal nuclei. History of 
asthma, chronic bronchitis. 


Post-bronchoscopy 
bronchial cell atypia 


Bronchial cells with hyperchromatic nuclei; columnar 
shape, terminal bar (cilia lost). History of recent 
bronchoscopy. 


Atypical pneumocytes, 
type II 


History of acute febrile respiratory illness, with persisting 
symptoms. May occur in pulmonary infarct and some 
chronic pulmonary disorders. Atypia is usually transitory. 


Viral cytopathic 
changes 


Familiarity with cytopathic effects of cytomegalovirus, 
herpesvirus, respiratory syncytial virus, adenovirus. 


Reactive mesothelium 


Present only in percutaneous needle aspirates. Flat 
sheets of epithelial cells with prominent nucleoli; 
intercellular “windows.” 


Pemphigus 


Correlate with clinical history of painful mucosal and 
cutaneous blisters. 


Mucoepidermoid 

carcinoma 


A rare tumor, arising from major bronchi. Presence of 
mucus-secreting glandular cells accompanied by atypical 
squamous cells. 


Metastatic 

adenocarcinoma 


History. Radiologic evidence of multiple tumors. 
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TABLE 20-9 PRINCIPAL SOURCES OF ERROR IN THE CYTOLOGIC DIAGNOSIS OF 

SMALL CELL CARCINOMA OF LUNG 



Sources of Error 


Helpful Diagnostic Features 


Reserve (basal) cell 
hyperplasia 


Compact clusters of uniform small cells. No single 
cells, no molding. No nuclear smudging or necrosis. 
Often a straight edge to the cluster. 


Pools of lymphocytes 


Small mature lymphocytes singly and in loose 
aggregates, mixed with monocytes and reactive or 
immature lymphocytes that have nucleoli. No 
coherent groups of cells. No molding, nuclear 
smudging or necrosis. 


Small-cell adenocarcinoma 


Overlapping groups and single cancer cells with 
smoothly configured round or ovoid vesicular nuclei 
and nucleoli. No molding. No nuclear smudging. 
May have mucin vacuoles. 


Lymphoma 


Single cells and loose clusters of noncoherent cells. 
Nuclei show protrusions and invaginations. Visible 
and often prominent nucleoli. Lymphoglandular 
bodies and micronuclei (apoptotic bodies). 


Carcinoid 


Uniform cells in coherent flat groups with uniform, 
regular nuclei. “Salt and pepper” chromatin. No 
necrosis. Present only in bronchial brush or FNA 
specimens. 


Small “blue cell” tumors: 
Ewing's tumor; Wilms tumor; 
neuroblastoma; embryonal 
rhabdomyosarcoma; 
pleuropulmonary blastoma 


Tumors primarily of children and adolescents. May 
be mistaken for lymphoma but form coherent 
clusters. 


Droplets of condensed mucus 


Smooth, round, “ink drop” appearance with no 
chromatin structure. Usually single. 



Sputum 

In data from early studies still valid today, positive identification of lung cancer in good sputum 
samples from an unselected series of patients with the disease was in the range of 60% to 70% 
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(Koss et al, 1964; Johnston, 1982; Pilotti et al, 1982; Ng and Horak, 1983; Rosenthal, 1988). 

Cancer cells exfoliate intermittently, and the number of positive diagnoses achieved in a single 
sample may be increased by as much as 10% with three or more samples over a period of 
several days. As was discussed earlier, the highest diagnostic yield is with squamous 
carcinomas arising in lobar or segmental bronchi, whereas relatively few peripheral 
adenocarcinomas shed cells into the sputum until they grow large enough to break into a 
sizable bronchus. 

Bronchial Secretions 

Atay and Brandt (1975) studied this in great detail. Of the 885 patients with bronchogenic 
carcinoma that they examined, 79% of the patients with centrally located tumors and 45% with 
peripheral tumors had positive cytology in bronchial secretions. Using the TNM clinical 
classification system (see p 647), these investigators documented increasing efficiency of 
cytologic diagnosis with increasing tumor size: from 30% for smaller, localized tumors to a 
maximum of 62% to 65% for larger, more extensive tumors (T3, T4). There was also increased 
diagnostic yield from tumors with more extensive metastases, ranging from 49% for NO tumors 
(no lymph node metastases) to 72% for tumors with extensive nodal and other metastases (N3, 

Ml). Biopsy diagnoses, as well, are generally easier to obtain from the more advanced tumors. 

Fiberoptic Bronchoscopy and Brushing 

The rigid bronchoscope has now been superseded by fiberoptic bronchoscopy, permitting 
visualization and cytologic sampling of third and fourth order bronchial branches. Solomon et al 
(1974) obtained positive cytologic diagnoses by fiberoptic bronchoscopic brushing in 41 of 46 
patients with bronchogenic carcinoma. In a study of 224 patients, Bibbo et al (1973) reported 
positive diagnoses in 60% of primary peripheral adenocarcinomas and 81% of peripheral 
squamous carcinomas of lung by fiberoptic bronchial brushing, compared with fewer than 20% 
by sputum. Interestingly, an additional 12% of patients had positive sputum after the bronchial 
brushing. Thus, the superiority of fiberoptic bronchial brushing for cytologic diagnosis of 
peripheral lung cancers, as originally described by Hattori et al (1964, 1971), was firmly 
established soon after its introduction. In a further advantage, the brushings provide 
bronchopulmonary samples for microbiologic studies that may contribute to the diagnosis of 
inflammatory disease in distal portions of the lung. 

Needle Aspirates 

Beginning with major reviews of results by Dahlgren and Nordenstrom (1966) and Dahlgren 
and Lind (1972), percutaneous needle aspiration cytology of primary lung cancers has been 
widely accepted as an accurate diagnostic method, and this technique greatly increased the 
number 
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of small peripheral lung tumors that could be diagnosed by cytology. The cell sample must be 
technically adequate, representative of the disease, and properly identified as to its source and 
clinical setting. Under these conditions, a positive diagnosis based on adequate sampling and 
reported by an experienced examiner should be comparable to a biopsy. Still, erroneous 
positive cytologic diagnoses of lung cancer (false-positive cases) do occur, even under the best 
of circumstances. In a College of American Pathologists (CAP) report of data from 436 
institutions in North America, there were 0.8% false-positive diagnoses, that is, 8 per 1,000; the 
false-negative rate was ten times higher, 8% (Zarbo and Fenoglio-Preiser, 1992). Some of the 
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principal causes of diagnostic error, discussed in this chapter, include chronic lung disease with 
proliferation of bronchioloalveolar lining epithelium and reactive proliferation of mesothelium 
that may be observed in needle aspirates. Errors can be minimized, and the effect on patient 
care lessened by close communication between pathologist, radiologist and surgeon or 
pulmonologist, and by confirming the cytologic diagnosis with biopsy or frozen section at the 
time of thoracotomy. Confirmation is especially important when the diagnosis is based on 
scanty evidence or if cytologic findings are inconsistent with the clinical or radiologic diagnosis. 

Many benign lesions can be identified in adequately sampled cases, including some of the 
benign tumors described above, inflammatory lesions discussed in this chapter and Chapter 19, 
and especially certain infectious processes. Still, a report of “negative for malignant cells,” with 
or without some specific diagnosis, does not necessarily exclude a coexisting cancer that may 
be present in an adjacent, unsampled area. Zakowski et al (1992) attributed the relatively poor 
negative predictive value of needle aspirates (53%) to inaccurate or inadequate sampling of 
many cases. They recommended that scanty or insufficient specimens be reported as such, 
and not as negative. We agree with this recommendation. On the other hand, a positive 
diagnosis based on adequate sampling and reported by a competent observer should have the 
same accuracy as a tissue biopsy. 

In summary, it should be emphasized that only by combined judicious use of all three methods 
of diagnosis (i.e., radiography, bronchoscopy, and cytology) can optimal diagnostic results be 
achieved. 
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Epithelial Lesions of the Oral Cavity, Larynx, Trachea, 

Nasopharynx, and Paranasal Sinuses 

HISTOLOGIC RECALL 

As briefly described in Chapter 19, the oral cavity (including the palate, tongue, pharynx, and 
floor of the mouth) is lined by squamous epithelium with varying degrees of 

P.714 

surface keratinization. The surface of the larynx, facing the oral cavity, is also lined by 
squamous epithelium. The inner aspects of the larynx (including the vocal cords) are lined 
by a nonkeratinizing epithelium composed of five to six layers of parabasal and 
intermediate squamous cells. Lower aspects of the larynx and the adjacent trachea are, 
in part, lined by similar nonkeratinizing epithelium and, in part, by ciliated epithelium, 
identical to bronchial epithelium, described in Chapter 19. The paranasal sinuses and the 
nasopharynx are principally lined by an epithelium composed of cuboidal and columnar 
ciliated cells. All ciliated epithelia contain mucus-producing goblet cells and may 
undergo squamous metaplasia, as described in Chapter 19. 

Minor salivary glands are dispersed throughout the oral cavity and adjacent organs. The 
tumors of these glands can be sampled only by aspiration biopsy. Aspiration biopsy may also be 
used for the study of deeply seated tumors of the various component organs and bony 
structures (Castelli et al, 1993; Das et al, 1993; Gunhan et al, 1993; Mondal and Raychoudhuri, 

1993; Mathew et al, 1997; Domanski and Akerman, 1998; Shah et al, 2000). These issues are 
discussed in Chapters 32 and 36. 

ORAL CAVITY 

SAMPLING TECHNIQUES 

Lesions of the oral cavity can be sampled by smears obtained by scraping. In most cases, 
the scrape smears may be obtained with a simple tongue depressor or a small curette. For oral 
lesions covered with thick layers of keratin, a more vigorous scraping with a sharp metallic 
instrument may be advisable. A brush specifically designed to sample oral lesions was 
described by Sciubba (1999). 
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Figure 21-1 Normal cells in oral scrapings. A Scrape smear of labial fold of lower lip. 
The squamous cell shows a nuclear bar with lateral extensions (caterpillar nuclei) similar to 
Anitschkow cells. B. Anucleated squamous cell from the palate. (A: High magnification.) 



INDICATIONS FOR CYTOLOGIC EXAMINATION 

The principal application of cytologic techniques to epithelial lesions of the oral cavity is the 
diagnosis of occult carcinomas, not identified or not suspected on clinical inspection. As will be 
set forth in this chapter, cytologic methods are particularly valuable in screening for occult oral 
cancer, but may occasionally contribute to the diagnosis of early or unsuspected cancers of 
adjacent organs. King (1962) briefly summarized the early history of the application of cytologic 
techniques to lesions of the oral cavity. 

CYTOLOGY OF ORAL SQUAMOUS EPITHELIUM IN THE ABSENCE OF 
DISEASE 

Squamous Epithelial Cells 

Normal squamous epithelium of the oral cavity sheds superficial and intermediate 
squamous cells, identical to squamous cells of the vagina and cervix, except that nuclear 
pyknosis is not observed. Such cells occur either singly or in clusters and are identical with 
squamous cells that are found in specimens of sputum and of saliva (see Chap. 19). 

A longitudinal condensation of the nuclear chromatin in the form of a nuclear bar with 
lateral extensions, similar to that observed in Anitschkow cells in the myocardium in 

rheumatic heart disease, has been recorded in superficial squamous cells by Wood et al 
(1975). Asimilar cell change was also illustrated in the Atlas of Oral Cytology by Medak et al 
(1970). Such cells are commonly seen in smears of the mucosal surface of the lower lip and 
the adjacent floor of the mouth in perfectly healthy people (Fig. 21-1 A). The change is 
probably related to “nuclear creases” but its significance is unknown. Similar cells may be 
observed in mesothelial cells in the pericardium surface of the conjunctiva and in other organs. 

P.715 

Fully keratinized squamous superficial cells without visible nuclei (keratinized squames) 
are a common component of oral smears, especially from the palate, and do not necessarily 
reflect a significant abnormality (Fig. 21 -IB). All stages of transition between nonkeratinized and 
keratinized cells may be observed. Smaller parabasal squamous cells may be observed if the 
surface of the epithelium is vigorously scraped, or if an epithelial defect, such as an ulceration, 
is present. 
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In general, the cytology of the oral cavity in the absence of disease is simple and monotonous. 

Squamous oral cells carry on their membranes blood group antigens (for review, see 
Dabelsteen et al, 1974). 

Other Cells 

Mucus-producing columnar cells originating in the nasopharynx or the salivary gland 
ducts may occasionally be observed. Avigorous scrape of the tonsillar area or the base of 
the tongue may result in shedding of lymphocytes, singly or in clusters. 

Oral Flora 

Oral flora, especially in patients with poor oral hygiene, is rich in a variety of saprophytic fungi 
and bacteria. Aprotozoon, Entamoeba gingivalis, is fairly common (Fig. 21-2A). It is a 
multinucleated organism larger than Amoeba histolytica, from which it differs because it does 
not phagocytize red blood cells (see Chaps. 10 and 24). The presence of these organisms 
does not necessarily indicate an inflammatory process in the oral cavity. An unusual organism, 
Simonsiella species, was described in smears of oropharynx, sputum, and gastric aspirates by 
Greenebaum et al (1988). The large bacteria form caterpillar-like chains, each composed of 10 
to 12 individual bacteria. The bacterial chains are readily observed overlying squamous cells 
(Fig. 21-2B). The organism is nonpathogenic, most likely to be observed in mouths of people 
with rich dietary intake, particularly fat and proteins. 




Figure 21-2 Microorganisms in oral smears. A Entamoeba gingivalis, a common 
inhabitant of the buccal cavity. B,C. Simonsiella organism. Note the caterpillar-like 
appearance of the bacterium in C. (. A,B : Pap stain; C: Methylene blue; A,C: Oil immersion.) 



Buccal Squamous Cells in Genetic Counseling and as a Source of DNA 
Buccal smears are the cheapest and easiest-to-use laboratory test to determine genetic 
sex, by observing and counting sex chromatin (Barr bodies) in squamous oral cells. The 
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Barr bodies can be recognized as a half-moon shaped chromatin condensation at the 
nuclear membrane (see Chaps. 4, 7, 8, 11, and 29). Although, theoretically, in genetic 
females all squamous cells with nonpyknotic, open vesicular nuclei should contain a Barr body, 
in practice, it can be identified in fewer than half of these cells by light microscopy of oral 
smears stained with Papanicolaou's stain. Further, peripherally placed chromocenters and 
focal thickening of the nuclear membrane may mimic Barr bodies. There is some 
controversy about whether the frequency of 
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visible sex chromatin varies during the menstrual cycle (Chu et al, 1969; Ashkenazi et al, 1975). 

For all practical intents and purposes, the finding of about half a dozen or more cells with a 
clear-cut single sex chromatin body is diagnostic of the XX female chromosomal 
constitution (see Chap. 4). An excess of Barr bodies (very rarely more than two in a cell) 
indicates an excess of X chromosomes (“superfemale,” with cells containing 47 chromosomes 
with XXX). Occasionally, malignant cells may contain two or more Barr bodies, reflecting 
aneuploidy. 

The presence of Barr bodies in cells in a phenotypic male strongly suggests 
Klinefelter's syndrome (47 chromosomes, YXX). The absence of Barr bodies in a 
phenotypic female suggests Turner's syndrome or another form of gonadal dysgenesis 
(see Chap. 9). 

Buccal cells collected in mouthwash or by other techniques may be valuable as a source of 
DNA for various tests, including person identification (Heath et al, 2001). 

INFLAMMATORY DISORDERS 

Acute and Chronic Inflammatory Processes 

Superficial erosion or ulceration of the squamous epithelium occurs frequently in the course 
of diffuse or localized inflammatory processes or poor oral hygiene. As a result, the normal 
population of superficial and intermediate squamous cells in smears is partially or completely 
replaced by parabasal squamous cells from the deeper epithelial layers. Such cells may 
vary in size and shape; their principal feature is relatively large, occasionally multiple, 
round or oval vesicular nuclei of monotonous sizes. As is common in nuclei of younger cells, 
chromocenters may be readily observed against a pale nuclear background; occasionally, 
small nucleoli may be noted. The cytoplasm is often poorly preserved (Fig. 21-3). In the 
presence of a diffuse stomatitis or gingivitis, the preponderance of the irregularly shaped 
parabasal cells may result in an initial impression of a significant epithelial abnormality; close 
attention to nuclear detail will prevent an erroneous diagnosis of cancer. 

In chronic ulcerative processes, mono- and multinucleated macrophages may also occur. 

Purulent exudate or leukocytes of various types are a common component of smears in these 
situations. Plasma cells are frequently observed, particularly in smears from the posterior oral 
cavity or pharynx. 

Specific Inflammatory Disorders 

Actinomycosis 

As discussed in Chapter 19, bacteria of the Actinomyces species are common saprophytes 
of the oral cavity, usually found within tonsillar crypts. They may be acquired by chewing on 
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bacterium-carrying plants, and are usually of no clinical significance. However, they may invade 
the traumatized or ulcerated mucosa and form an abscess or sinus tract. As discussed in 
Chapters 10 and 19, the organism can be recognized in Papanicolaou-stained oral smears as 
masses of matted bacterial filaments. The identity of the organism should be confirmed by 
culture if there is clinical evidence of an inflammatory process. The presence of 
Actinomyces in oral smears must always be correlated with clinical findings to 
distinguish between saprophytic and pathogenic organisms. 

Oral Herpes 

This common disorder, characterized by blisters and painful ulcerations, is caused by 
Herpesvirus type 1 that can be identified by the characteristic nuclear changes described 
and illustrated in Chapters 10 and 19. Kobayashi et al (1998) observed the pathognomonic cell 
changes in smears of only 4 of 11 patients in whom the diagnosis could be confirmed by culture 
and, in some cases, by in situ hybridization. 

Moniliasis (Thrush) 

Clinically, moniliasis forms a characteristic white coating of the oral cavity. This organism may 
be identified with ease by finding the characteristic fungal spores and pseudohyphae (see 
Chap. 10). This harmless infection, previously occurring mainly in debilitated patients and 
diabetics, has been recognized as one of the first manifestations of the acquired 
immunodeficiency syndrome (AIDS). 

Blastomycosis 

Sivieri de Araujo et al (2001 ) described the application of oral smears for diagnosis of 
Paracoccidiomycosis (South American blastomycosis), a common and serious disorder in 
Latin American countries. The yeast form is described in Chapter 19. 

CHANGES IN ORAL SQUAMOUS CELLS IN DEFICIENCY DISEASES 
In diseases associated with deficiencies in vitamin B-|2 and in folic acid, such as 
pernicious anemia, the squamous cells of the oral mucosa may show significant 
enlargement of both the nucleus and the cytoplasm (Graham and Rheault, 1954; Massey 
and Rubin, 1954; Boen, 1957). Similar changes may be observed in the related disorder, 
megaloblastic anemia (Boddington and Spriggs, 1959), and in tropical sprue (Staats et al, 

1965). The findings were documented by comparison with normal cell populations and are 
statistically impressive. Vitamin B-|2 and folic acid are essential for DNAsynthesis. If there is an 
insufficient supply of either factor, the DNAsynthesis becomes disturbed, with resulting cell 
enlargement (Beck, 1964). There is evidence that this change is not confined to the oral 
epithelium but may affect many tissues (Foroozan and Trier, 1967). In reference to the uterine 
cervix, the changes were discussed in Chapter 17. For changes in the gastrointestinal tract, see 
Chapter 24. 
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Figure 21-3 Inflammatory changes in squamous cells of buccal epithelium; buccal 
scrape smears. A. The cytoplasm is poorly preserved. Amultinucleated cell may be noted. 
B,C. There is considerable variation in cell sizes, but the nuclei are, on the whole, uniform, 
an important diagnostic feature. Note chromocenters. Some of the dark-staining nuclei are 
showing early pyknosis. D. Histologic section of ulcerative gingivitis. Inflammatory changes 
in buccal epithelium. (Case courtesy of Dr. Sigmund Stahl, New York, NY.) 



In my own experience, the oral smears from patients with a variety of disorders, probably 
having malnutrition as a common denominator, may occasionally have a population of large 
squamous cells with vesicular nuclei and numerous chromocenters. The finding should lead to 
a hematologic work-up of the patients. A marked enlargement of squamous cells may also be 
caused by radiotherapy (see below). 

Nieburgs described nuclear enlargement and “discontinuous nuclear membrane” in buccal 
squamous cells in 72% of patients with cancer. He considered this malignancy associated 
change (MAC) as reflecting “an altered mitotic function of cells.” Some of Nieburgs' material 
was air-dried and the observations may be an artifact. The specific association of the buccal 
cell changes with cancer remains unproven. For further comments on MAC, see Chapter 7. 
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OTHER BENIGN DISORDERS 

Benign Leukoplakia 

Heavy keratin formation on the surface of oral epithelium is a common phenomenon 
occurring at the line of teeth occlusion, the palate, parts of gingiva, and occasionally elsewhere. 

The milky white appearance of such areas is 
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best classified clinically as leukoplakia and appears histologically as a benign squamous 
epithelium, topped with layers of keratin. This benign disorder must be differentiated from 

precancerous leukoplakia, which may have a similar clinical appearance. The 
differences are based on cytologic and histologic features, discussed in detail below. 

Cytology of benign leukoplakia is very simple, with fully keratinized, yellow or yellow- 
orange stained cells without nuclei (anucleated squames) being characteristic of this 
disorder (see Fig. 21-1 B). However, such cells may also be seen in normal oral smears; 
therefore, the cytologic diagnosis should always be correlated with clinical findings. 

“Hairy” Oral Leukoplakia 

This is a benign lesion characteristically located on the lateral aspect of the tongue that was 
first observed in AIDS patients. The lesion shows vacuolization (ballooning) of squamous cells 
and intranuclear inclusions. The lesion was shown to be associated with Epstein-Barr virus 
(EBV) (Greenspan et al, 1986). There is no information on the cytologic presentation of this 
uncommon lesion. 




Figure 21-4 Benign abnormalities of oral epithelium. A,B. Hereditary intraepithelial 
dyskeratosis (Witkop). A. Typical squamous cells forming pearls (corps ronds or round 
bodies). Note normal size nuclei. Such cells may also be observed in Darier-White disease 
(see text). B. Tissue sections corresponding to A showing formation of squamous pearls 
(see text). C,D. Pemphigus vulgaris. C shows typical cluster of Tzanck's cells with pale 
nuclei containing very large nucleoli. D. Tissue sections corresponding to C showing the 
formation of a bulla in the oral epithelium. 
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Darier-White's Disease (Keratosis Follicularis) 

Darier-White's disease is primarily a chronic, benign, hereditary skin disease presenting as 
small pink papules that may become confluent. The oral mucosa may be involved and show 
a rough pebbly surface or verrucous plaques. Histologically, the disease is characterized by 
the formation of slits or spaces within the epidermis and by disturbances of keratinization 
referred to as “corps ronds” (round bodies) and “grains.” The corps ronds are miniature 
epithelial pearls, often containing a single large cell with a degenerated nucleus in the center. 

The grains are elongated, prematurely keratinized cells. 

According to Witkop et al (1961), smears from oral lesions of Darier's disease show 
parabasal squamous cells with numerous chromocenters, corresponding to the cells 
lining the intraepithelial slits. Cells containing round cytoplasmic eosinophilic inclusions, 
probably corresponding to premature keratinization, may be observed. The corps ronds 
appear in smears as epithelial pearls — a simple one consists of a single keratinized cell within 
a cell; in more elaborate arrangements several keratinized cells may be found in the center of 
the pearl (Fig. 21-4A). The grains correspond to single, heavily keratinized, elongated cells. 
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Burlakow et al (1969) also pointed out that squamous cells scraped from the oral lesions may 
remain attached to each other by one end, not unlike leaves attached to the branch of a tree. 

The “leafing out” pattern associated with “corps ronds” and “grains” was considered by 
these authors as diagnostic of this disorder. 

Hereditary Benign Intraepithelial Dyskeratosis (Witkop) 

In this rare hereditary disorder, there is formation of white spongy folds and plaques of 
thickened mucosa within the oral cavity. The bulbar conjunctiva and the cornea may also be 
involved. The histologic findings in the oral epithelium disclose a marked epithelial 
hyperplasia accompanied by a disorder of keratinization in the form of pearl formation, 
which is not unlike the corps ronds of Darier's disease (Fig. 21-4B). In smears from such 
lesions, one sees keratinized squamous cells with elongated, dense nuclei and “pearls” 
composed of a large, orange-staining central degenerated cell, surrounded by a halo and an 
outer elongated cell with a preserved sickle-shaped nucleus (Fig. 21-4A). Scrapings from the 
eye in these patients showed identical cells. Witkop et al (1960, 1961) suggested that this 
cytologic presentation is diagnostic of this uncommon disorder. 

White Sponge Nevus of Cannon 

In this exceedingly uncommon hereditary disorder, there is a spongy hypertrophy of 
squamous epithelium involving the oral, vaginal, and anal mucosa. Abnormal 
keratinization may be noted. In cytologic preparations, intracytoplasmic eosinophilic 
inclusions may be observed (Witkop et al, 1960). Acase of this rare entity was reported by 
Morris et al (1988). Electron microscopic investigation of the cytoplasmic “inclusions” disclosed 
bundles of “tonofilaments” of unspecified diameter, most likely representing keratin filaments, in 
keeping with Witkop's suggestion. 

VESICLE- OR BULLAE-FORMING CONDITIONS 

In a number of pathologic conditions, most of which can be diagnosed clinically, liquid-filled 

blisters (vesicles) or large bullae may occur within the oral cavity. As a general rule, the 
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vesicles or bullae break down, and the resulting ulcerations may become the subject of a 
cytologic scrutiny. One such condition is herpes simplex of the oral cavity, which was 
discussed above. 

With rare exceptions, the vesicle-forming disorders are manifestations of dermatologic disease 
and the involvement of the oral cavity is usually secondary. The most important such disorders 
are erythema multiforme and various forms of pemphigus (Wu et al, 2000). Specialized 
sources should be consulted for a detailed description and classification of these diseases. 

Although erythema multiforme can affect the mucosa of the mouth, the diagnosis is usually 
based on clinical examination. There is no information on cytologic features of this transient 
disease, which is characterized by red plaques and small vesicles involving the skin. On the 
other hand, the nearly uniformly fatal pemphigus vulgaris may have its primary 
manifestations in the oral cavity. 

Pemphigus Vulgaris 

As has been discussed in Chapter 17, the disease is caused by antibodies to desmoglein 3, 
a component protein of desmosomes, causing a disruption of desmosomes in the 
lower layers of the squamous epithelium, leading to the formation of fluid-filled blisters, 
vesicles or bullae (Fig. 21-4D). The latter contain the atypical cells of Tzanck, which can be 
observed in smears of broken vesicles. The Tzanck cells are squamous cells with frayed 
cytoplasm, approximately of the size of large parabasal cells, occurring singly and in clusters. 
Occasionally, these cells show cytoplasmic extensions. The most important feature of 
these cells is the presence of large, clear nuclei containing conspicuous large nucleoli 
that are usually single but may be multiple (Fig. 21 -4C). These cells may be readily 
mistaken for cells of an adenocarcinoma. “Cell-in-cell” arrangements, similar to those in 
epithelial “pearls” may be occasionally observed. Multinucleated macrophages may be 
observed in smears of treated pemphigus (Medak et al, 1970). 

As a consequence of the autoimmune events, the cells shed from pemphigus are coated 
with immunoglobulins. Decker et al (1972), Lascaris (1981), and several other observers 
have documented, by immunofluorescence, the presence of coating immunoglobulins in 
smears from pemphigus. Faravelli et al (1984) used IgG peroxidase-antiperoxidase reaction to 
provide a permanent record of the immunoglobulin coat on the surfaces of acantholytic cells in 
smears of oral pemphigus. Harris and Mihm (1979) provided a summary of the immunologic 
differential diagnoses between pemphigus and other bullous lesions of the oral cavity. Acurrent 
summary of the immunologic events leading to pemphigus vulgaris and related disorders may 
be found in an editorial by Bhattacharya and Templeton (2000). Takahashi et al (1998) reported 
a case wherein there was simultaneous presence of herpes simplex and of pemphigus in 
the oral cavity, both reflected in the oral smear. 

Other skin diseases, too numerous to describe within the frame of this work, may involve the 
oral mucosa. Because the dermatologic features overshadow the oral presentation, there is no 
information on cytologic abnormalities in these disorders. 

CHANGES CAUSED BY THERAPY 

Changes in oral epithelial cells caused by radiation therapy were studied by Zimmer in my 
laboratory (unpublished) 
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and by Umiker (1965). The changes are similar to those observed and described for the uterine 
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cervix and consist of marked enlargement of squamous cells and their nuclei (see Chap. 18). 
They may occur either as a result of administration of the radiated beam directly to the oral 
cavity or to adjacent organs, such as the neck. 

Bhattathiri et al (1998) studied the response of cells of squamous carcinoma of the oral 
cavity to radiation and reported that the nuclear abnormalities are radiationdose related. As 
has been described in Chapter 18, the response of oral squamous epithelium to small doses of 
radiation was used as an index to gauge the response of squamous cancer of the uterine cervix 
to radiotherapy. 

Changes caused by chemotherapy were observed by Witkop (1962). He noted nuclear 
degeneration and “cell-within-cell” structures following treatment with methotrexate and other 
anticancer chemotherapeutic agents. Severe stomatitis, caused by excessive shedding and 
ulceration of the buccal epithelium, is a common complication of treatment with various 
chemotherapeutic agents. 

MALIGNANT LESIONS 

Invasive Squamous Carcinoma and Its Precursors 
Risk Factors 

Abuse of tobacco and alcohol are the key epidemiologic factors in patients developing cancer 
of the oral cavity and the larynx. Tobacco in any form, such as pipe-, cigar-, or cigarette 
smoking, reverse smokers (people holding the burning end of a cigarette in their mouth), betel- 
nut chewers (tobacco powder is often wrapped inside the betel leaf) represent high-risk 
populations. The latter two forms of tobacco use are seen mainly in India and other parts of 
Southeast Asia. It is not known why alcohol abuse contributes to oral carcinogenesis. In the 
United States, African-Americans appear to have a higher risk of oral squamous cancer than 
people of other ethnic backgrounds (Skarsgard et al, 2000). 

The presence of human papillomavirus (HPV) in oral cancer has been suspected for some 
years (Syrjanen, 1987) and has now been documented in benign and malignant lesions of the 
oral cavity. Garelick and Taichman (1991) observed HPV types 2, 4, 6, 11, 13, and 32 in the 
benign lesions, including leukoplakia, and HPV types 16 and 18 in oral carcinomas. Paz et al 
(1997) observed HPV sequences in only 1 5% of squamous cancers of the esophagus and the 
head and neck area. HPV was mainly observed in tumors of the tonsillar area and in some 
metastases. The presence of HPV had no prognostic significance. Mork et al (2001) considered 
infection with HPV type 16 as a risk factor in squamous cancer of the head and neck. These 
authors suggested oral sex as a possible source of virus. El-Mofty and Lu (2003) reported the 
presence of HPV type 16 only in squamous carcinoma of the palatine tonsil and considered 
this disease to be a distinct entity in patients age 40 or younger. 

Clinical Aspects and Histology 

Invasive squamous carcinoma is the most common malignant lesion of the oral cavity. The 
disease may occur in the epithelium of the mouth, tongue, cheek, palate, tonsils, and 
pharynx. Most patients with invasive squamous carcinomas show ulcerative lesions with 
indurated borders that are easily identified as cancer on clinical inspection. Rarely, 
inflammatory processes may imitate ulcerative oral cancer. However, some oral carcinomas, 
when first observed, are not ulcerated. Some of these lesions may have wart-like 
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configurations (verrucous carcinomas) and others may present as areas of redness 
(erythroplakia) or as white patches with irregular borders, somewhat similar in 
appearance to benign leukoplakia. A biopsy confirmation of the nature of the disease is always 
recommended. 

The invasive squamous cancers can be graded, with well-differentiated, keratin-producing 
cancers, including verrucous lesions, classified as grade I, poorly differentiated 
carcinomas composed of small cells as grade III. The intermediate grade II, 
characterized by medium-size cells showing squamous differentiation, is by far the 
most common. Except for verrucous carcinomas, which usually have a fairly good prognosis, 
grading has limited prognostic value. The size and the depth of invasion of the primary 
tumor (stage) is a more important prognostic factor. Stage I lesions are limited in size and 
depth of invasion. Stage IV lesions are cancers with distant metastases, usually to lymph nodes 
of the neck, which must be evaluated prior to therapy. Surgical treatment of oral cancers is 
often disfiguring and debilitating, whereas radiotherapy and chemotherapy are not always 
effective. The 5-year survival of about 60% for stage I disease and less than 20% for 
stage IV, is not satisfactory (Shah, 1992; Skarsgard et al, 2000; Charabi et al, 2000). 

Forastiere et al (2001) summarized the sequence of molecular events leading to the occurrence 
and progression of squamous cancer of the head and neck area. The most common molecular 
event is a mutation of p53 gene that may occur even in relatively minor epithelial changes, 
classified as “dysplasia” (see below). 

Cytology 

In most cases, the diagnosis of invasive squamous cancer of the oral cavity is established by 
biopsy of clinically suspicious lesions. It has become apparent, however, during a large study of 
oral cancer detection (see below) that many dentists who are in the best position to see the 
abnormalities, often do not recognize the malignant nature of very early carcinomas. If given an 
opportunity to sample such questionable lesions by a painless and bloodless cytologic 
procedure, they may choose to do so, whereas they may be reluctant to recommend a biopsy. 

The cytologic diagnosis of ulcerated invasive lesions is relatively simple if care has been 
taken to remove the layer of necrotic surface material prior to cytologic sampling. 

Regardless of the type of tumor, the smear background nearly always shows necrotic material, 
blood, and numerous leukocytes. 
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Cytologic preparations closely reflect the degree of keratinization of the lesion. In heavily 
keratinized squamous cancer, the cancer cells are characterized by orange- and yellow- 
staining cytoplasm and large, sometimes pyknotic, dark-staining irregular nuclei (Fig. 

21-5AB). “Ghost” cells, with heavily keratinized cytoplasm and virtually no residual nuclear 
material, are frequent, as are keratinized “pearls” of malignant cells. In nonulcerated, 
invasive, keratinizing carcinomas, particularly the verrucous type, the cytologic diagnosis 
of cancer may be obscured by abundant, fully keratinized “ghost” cells, without 
perceptible nuclear abnormalities. Reddy and Kameswari (1974) studied 165 patients with 
keratinizing carcinoma of the hard palate in reverse smokers in India and were able to reach the 
diagnosis in only 60% of the patients. Similar results were reported by Banoczy and Rigo 
(1976). In such cases, close attention must be paid to relatively minor nuclear 
abnormalities, which may occur in only a few cells; nuclear enlargement and 
irregularity of outline, with or without nuclear hyperchromasia, are of diagnostic 
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significance. In case of doubt, a biopsy should be recommended. 

In poorly differentiated squamous carcinomas, the cytoplasmic keratinization is not 
prominent, but the nuclear abnormalities, such as large nucleoli and a coarse pattern of 
chromatin distribution, are evident (Fig. 21-5C.D). In the latter form of oral cancer, the 
nucleocytoplasmic ratio is usually modified in favor of the nucleus, a feature not 
always observed in the cells of the keratinizing variety. To anyone familiar with the 
principles of cytologic diagnosis of cancer, the diagnosis of invasive squamous carcinoma of 
the oral cavity will cause little difficulty if the potential pitfalls discussed above are considered. 




Figure 21-5 Squamous carcinoma of the oral cavity. A. Smears from a well- 
differentiated squamous cancer containing squamous cancer cells with enlarged, 
hyperchromatic nuclei. B. An infiltrating squamous carcinoma, corresponding to A C. 
Smear from a poorly differentiated squamous carcinoma showing classical cancer cells 
with enlarged nuclei containing numerous large nucleoli. D. The tissue section of a poorly 
differentiated squamous carcinoma corresponding to C. 



PRECURSOR LESIONS OF SQUAMOUS CANCER 

Because of poor results of treatment of invasive squamous carcinoma, the discovery of 
precursor lesions may prove to be lifesaving. Precancerous lesions of the squamous 
epithelium of origin must invariably precede invasive cancer. 

Clinical Presentation and Histology 

On clinical inspection, there are two types of precancerous lesions in the oral cavity: 
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■ The common white lesions with irregular, jagged borders, usually referred to as 
precancerous leukoplakias, are clinically similar to the benign leukoplakias, and correspond 
to precancerous lesions with a heavily keratinized surface and nuclear abnormalities in well- 
differentiated squamous cells (Fig. 21-6). The white color of the lesion is caused by the 
opaque surface layer of keratinized epithelium. The term mild or moderate dysplasia is often 
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attached to such lesions. 

■ The less common red lesions (erythroplakia), corresponding to the nonkeratinizing 
precursor epithelial lesions, are usually composed of smaller cancer cells with minimal or 
absent keratinization of surface (carcinomas in situ or severe dysplasia) (Fig. 21-7). The red 
color is due to the vascularized stroma underlying the often thin epithelium. The lesion is a 
definitive precursor of invasive squamous cancer and has been so recognized in the studies 
by Sandler (1962, 1963), Shafer et al (1975), and Mashberg et al (1977). Niebel and Chomet 
(1964) proposed in vivo staining of the oral mucosa with toluidine blue to demarcate the 
territories of these lesions. 

■ In some fortuitous cases, incidentally discovered, there are no visible oral lesions. 
Acetowhite areas, after application of 3% acetic acid solutions, may be observed in such 
patients (Fig. 21-8). 

Subdo et al (2001 ) studied the DNA content of oral biopsies as a prognostic marker in oral 
keratinizing lesions (leukoplakia) that were either histologically benign or atypical 
(“dysplasia”). Of the 45 patients with histologically benign leukoplakia, 5 (11%) developed 
squamous carcinoma after a follow-up period of 5 years or more. Four of the 5 patients had an 
abnormal (aneuploid) DNA pattern. Only 1 patient with normal (diploid) DNA pattern developed 
oral cancer. Of the 150 patients with histologic atypia or dysplasia, 36 (24%) developed 
invasive cancer after a follow-up ranging from 4 to 57 months, mean 35 months. With only 3 
exceptions, all cancers developed in patients with abnormal (tetraploid or aneuploid) DNA 
patterns. Lippman and Hong (2001) enthusiastically supported the conclusions of this work, 
which suggests that detectable and measurable nuclear abnormalities, as previously reported 
by Califano et al (2000), may be of practical use in assessing the behavior of oral leukoplakia. 




Figure 21-6 Atypical leukoplakia (moderate dysplasia) of oral cavity. A. Clinical 
appearance of the white lesion with jagged edges. B. The keratinizing lesion of the oral 
epithelium with scattered nuclear abnormalities. Note marked inflammatory infiltrate in the 
stroma. C. Atypical squamous cells with an enlarged hyperchromatic nucleus in oral smear. 
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Subdo et al (2002) also followed 37 patients with “erythroplakia” for a median observation 
time of 53 months. There were 12 patients with normal (diploid) DNA distribution and none of 
them developed invasive cancer after a median follow-up period of 98 months. On the other 
hand, 23 of 25 patients with aberrant DNA content developed invasive squamous cancer. The 
histologic grade of the lesion, sex of patients, and use of tobacco were not significant as 
prognostic factors. 

Although the red oral lesions progress to cancer with a much higher frequency than white 
lesions, this study strongly suggests that a stratification of these lesions is possible by relatively 
simple image analysis of the DNA content. For further comments on DNA measurement 
techniques, see Chapters 46 and 47. 
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Figure 21-7 Carcinoma in situ (severe dysplasia) of the buccal cavity discovered 
by cytology. A. Shows the reddened area of tongue (erythroplakia), the site of the lesion. 
B,C. Scrape smear of oral epithelium showing squamous cancer cells with abundant 
cytoplasm. D. Histology of carcinoma in situ corresponding to A-C. 



Cytology 

Keratinizing Lesions (Precancerous Leukoplakia, Mi id or Moderate Dysplasia) 

The accurate cytologic diagnosis of keratinizing carcinoma in situ or of precancerous 
leukoplakia may prove difficult, particularly if abnormal cells in smears are overshadowed by 
keratinized benign cells or anucleated squames. However, after thorough screening of 
cytologic material, it is rare not to find at least a few cells suggesting either a borderline 
squamous lesion or a well-differentiated squamous cancer with keratinized cytoplasm 
and nuclear enlargement (see Fig. 21 -6C). In these situations, knowledge of the clinical 
presentation of the lesion is invaluable and should lead to a confirmatory biopsy, even 
though the cytologic evidence may be very scanty. 

Hong et al (1986) reported that oral administration of 13-c/s-retinoic acid had a beneficial effect 
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on the size and degree of cellular abnormalities in oral precancerous leukoplakias of some 
patients, but had fairly severe toxic effects. 

Nonkeratinizing Lesions (Carcinoma in Situ, Severe Dysplasia) 

The terms oral carcinoma in situ or severe dysplasia, as distinct from precancerous 
leukoplakia, refers to malignant epithelial lesions without significant keratin formation on their 
surfaces. As mentioned above, nearly all of these lesions present clinically as areas of 
redness (erythroplakia) but may be clinically occult. 

Scrape smears from such lesions are characterized by a mixture of malignant well- 
differentiated parabasal or intermediate squamous cells, with translucent cytoplasm and 
significant nuclear enlargement and hyperchromasia (see Figs. 21-7 and 21-8). The term 
dyskaryosis, or “dysplastic cells,” used in the discussion of precursor lesions of carcinoma 
of the uterine cervix is applicable here (see Chap. 11). It is not uncommon to observe in such 
smears a few squamous cancer cells with markedly keratinized cytoplasm and marked 
nuclear abnormality. On the whole, the smear pattern in oral carcinoma in situ is remarkably 
similar to that of a high-grade squamous precursor lesion of carcinoma of the uterine cervix of 
well-differentiated type. These observations were confirmed in the study of carcinoma in situ 
recurring after treatment of invasive oral cancer (see below). 

Stahl et al (1964), in discussing the implications of dyskaryosis in oral mucosal lesions, pointed 
out the necessity of long-term follow-up of patients showing such cells in their smears. The 
same authors noted that experimentally induced cancer of the cheek pouch of the hamster is 
also heralded by the appearance of dyskaryotic cells. 
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Figure 21-8 Carcinoma in situ (severe dysplasia) diagnosed by cytology. A The 

area of the floor of the mouth without visible lesions. B. Cytologic presentation of an 
incidentally discovered lesion. C. Acetowhite biopsied area in the floor of the mouth after 
application of 3% acetic acid solution. D. Biopsy of a very high-grade intraepithelial lesion 
with marked mitotic activity. There was no invasion. 
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RESULTS OF CYTOLOGIC SCREENING FOR OCCULT CARCINOMAAND 
PRECURSOR LESIONS 

The difficulty of clinical identification of precancerous leukoplakia and carcinoma in situ, both 
easily curable precursor stages of oral cancer, was not fully appreciated until an extensive 
cytologic study of mouth lesions was conducted by the Veterans Administration, guided by the 
late Dr. H. Sandler (Sandler, 1962; Sandler et al, 1963). As a consultant, I (LGK) was privileged 
to review a major portion of the material resulting from this study. There were 2,758 patients 
with visible mouth lesions screened by cytology, and there were 287 histologically documented 
cases of invasive carcinoma. Many of these lesions were very small (26 were less than 1 cm in 
diameter, and 69 were less than 2 cm in diameter); many were not ulcerated, not indurated, and 
not fixed to the underlying tissue. Eighty three of these lesions (approximately 29%) were 
not recognized clinically as cancers by the examining dentists. 

There were also 28 patients with squamous carcinoma in situ. Only 11 of the lesions were 
suspected of being cancer by the examining dentists, whereas 17 (about two-thirds) were 
considered benign. Thirteen lesions were reddish in color, 6 were white, and the rest were 
of various colors; only 6 were ulcerated and only 5 indurated. Thus, redness of 
circumscribed areas of oral epithelium erythroplakia is frequently characteristic of 
carcinoma in situ (see Fig. 21-7A). 

The comparison of Sandler's data with observations on a nonscreened population surveyed by 
Shafer (1975) is enlightening. Shafer reviewed the clinical and histologic data on 82 oral 
carcinomas in situ (including 16 lesions of the lip), diagnosed by biopsy only. While in Sandler's 
survey, 28 carcinomas in situ were found in 2,758 patients with visible mouth lesions (1%), in 
Shafer's survey, there were 66 oral carcinomas in situ in 45,702 histologic accessions 
(0.0014%). It may be argued that the two populations of patients were unequal. Sandler's 
patients were men, mainly older than 50 years of age, many among them drinkers and smokers, 
who were much more prone to oral cancer than Shafer's unselected population. Nevertheless, 
Sandler's rate of discovery of carcinoma in situ was 10 times higher than in Shafer's population. 

The comparison of clinical findings is also enlightening; roughly one-half of Sandler's lesions 
were red, whereas there were only 16% of such lesions in Shafer's survey, strongly suggesting 
that even the most competent observers consider red oral lesions as benign and do 
not perform biopsies. Such lesions should be the prime target for cytologic screening. 

A survey by Stahl et al (1967) confirmed that cytologic screening for oral cancer is feasible. 

Practicing dentists in 
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the area of New York City were instructed to obtain smears from all visible abnormalities of 
the oral cavity. Although only a small proportion of the invited dentists responded, 47 oral 
cancers were found in 2,297 patients examined. Eleven of the 47 cancers (24%) were clinically 
unsuspected, thus confirming the results of the Veterans Administration study quoted above. It 
does not appear feasible or reasonable to cytologically screen all dental patients. However, a 
scrape smear of an oral lesion may well permit more conservative surgery for earlier 
lesions and may be lifesaving. Shiboski et al (2000) recently emphasized a major deficiency 
in the professional and public education regarding early diagnosis of oral cancer. 

Sandler's, Shafer's, and Mashberg and Meyer's studies pointed out that the floor of the mouth 
was the most frequently affected site of oral squamous cancer, followed by lateral 
surface of tongue and soft palate. These should be the areas of the oral cavity that deserve a 
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careful inspection during routine dental examination. 



Within recent years, there has been a revival of interest in cytologic detection of oral cancers in 
the United States, based on evaluation of oral smears by a semiautomated cell analysis system 
OralCDx (Sciubba, 1999). A specially designed brush was used to secure cell samples from 
the visible lesions of the oral cavity. Of the 945 lesions sampled by cytology, 131 (about 14%) 
were biopsy-confirmed “dysplastic” lesions or carcinomas. In these cases, the smears were 
judged to be either “positive” or “atypical.” In 29 patients (22% of the biopsy-documented 
lesions), the malignant nature of the lesion was not suspected clinically, a result 
remarkably similar to the Stahl (1967) study cited above. The histologic findings in these 
patients have not been reviewed by independent observers and, thus, it is not possible to 
determine how many of the “dysplasias” were truly precancerous lesions. 

In situations in which an exceptionally high risk of oral cancer exists, more extensive surveys 
may be justified. Wahi, from Agra, India, demonstrated the value of cytologic techniques among 
betel-nut chewers, who have a very high incidence of oral carcinoma. His results (personal 
communication, 1966) are summarized in Table 21-1. The data strongly suggest that high-risk 
candidates for oral cancer, such as tobacco chewers and heavy cigar- and pipe smokers, 
represent a primary target for screening for oral cancer by cytologic techniques. 

CYTOLOGIC DIAGNOSIS OF RECURRENT ORAL CANCER AFTER 
TREATMENT 

Local recurrences of oral cancer after treatment by surgery, radiation, or a combination of 
these two techniques are sufficiently common to warrant a close follow-up of all patients. The 

possibility of a residual or second primary cancer within the same anatomic area is also 
very high in treated patients. There is excellent evidence that the addition of cytologic 
techniques to the follow-up examination may result in the diagnosis of a recurrent or 
new cancer before it is suspected clinically. 



TABLE 21-1 CYTOLOGIC DIAGNOSIS OF ORAL CARCINOMA AMONG BETEL-NUT 

CHEWERS 

Total cases of oral cancer studied 812 

Clinically unsuspected 69 

(66 squamous carcinoma, 2 reticulum cell sarcoma, 1 adenocarcinoma) 

Clinical diagnoses on 69 unsuspected cases 



Leukoplakia 


26 


Ulceration 


27 


Trismus 


9 
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Dysphagia 


4 


Tonsillar enlargement 


3 


Cytologic diagnoses on the same cases 




Malignant cells 


39 


Cells suggestive of cancer 


21 


Dyskaryotic cells, possibly malignant 


9 



(Prof. P.N. Wahi, Agra, India, personal communication.) 



Umiker (1965) reported on four such cases following radiation treatment. Hutter and Gerold 
(1966) applied cytologic techniques in the follow-up of patients previously treated by surgery. In 
limiting the application of cytology to the patients without visible lesions, they uncovered 
clinically unsuspected recurrent cancer in 10 of 177 patients investigated (6%). These authors 
were using material scraped from the general area of prior surgery by an endometrial curette. 

The results are summarized in Table 21-2. 

An interesting aspect of Hutter and Gerald's work concerns the time that elapsed between the 
cytologic evidence of recurrent carcinoma and the appearance of a clinical abnormality, 
however slight, amenable to a biopsy. In several of the cases, 4 to 6 months of follow-up by a 
very experienced observer were required to see a lesion, usually an area of redness or a 
whitish patch. In six of the eight patients with cytologic diagnosis of recurrent carcinoma, the 
major histologic component of the lesion was a carcinoma in situ, either with or without 
superficial infiltration. In this work, the degree of accuracy of cytologic identification of 
carcinoma in situ was extremely high and is summarized in Table 21-3. 

This work, as well as the results of cancer detection surveys described above, strongly suggest 
that the silent stage of carcinoma in situ, whether primary or recurrent, is not readily 
identifiable clinically and precedes invasive squamous carcinoma of the oral cavity. 

This stage of cancer may last for several months, and possibly much longer, before producing a 
visible lesion. Carcinoma in situ may be accurately identifiable by cytology, as is the case with 
many other organs discussed in this book. 

OTHER TUMORS 

Besides squamous carcinoma, other benign or malignant tumors involving the oral cavity may 
occasionally be diagnosed 
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by smear. We have observed cases of a benign mixed tumor of salivary glands and of 
adenoid cystic carcinoma, located in the palate, and diagnosed on scrape smears. For 
description of these tumors, see Chapter 32. We have also seen a case of primary malignant 
melanoma of the oral mucosa. The smears were characterized by the presence of obvious 
malignant cells and macrophages containing melanin pigment (Fig. 21-9). King (1962) reported 
several examples of cytologic findings in a few uncommon tumors, such as an ulcerating 
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osteosarcoma of the jaw, two malignant lymphomas (one of palate and one of mandible), 
and a case of ulcerating adenoid cystic carcinoma. A number of observers used aspiration 
biopsies (FNAs) to investigate the nature of palpable tumors of the oral cavity (Castelli et al, 
1993; Das et al, 1993; Gunhan et al, 1993; Mondan and Raychoudhuri, 1993; Mathew et al, 
1997; Damanski and Akerman, 1998; Shah et al, 1999). Most lesions examined were tumors 
of the salivary glands, dental anlage tu mors, and tumors of the jaws, topics that are 
discussed in Chapters 32 and 36. Of note were several cases of malignant lymphomas, 
involving the base of the tongue and the tonsils and several metastatic carcinomas. We have 
also observed a case of lymphoblastic leukemia in a child recognized on a scrape smear of 
an oral lesion. For discussion of cytologic presentation of malignant lymphoma, see Chapter 31 . 



TABLE 21-2 RESULTS OF CYTOLOGIC FOLLOW-UP ON PATIENTS WITH TREATED 
CANCER OF THE OROPHARYNX WITHOUT VISIBLE LESIONS AT THE SITE OF PRIOR 

SURGERY 

Total patients examined 177 (100%) 

Positive smears 1 2 

Suspicious smears 2 

14 (9%) 

Carcinoma confirmed 8 

Died 3 (2 with 

evidence of 
cancer) 

Still being followed without clinical evidence 

of lesion (smears still positive) 3 



14 



(Hutter RVP, Gerald FP. Cytodiagnosis of clinically inapparent oral cancer in patients 
considered to be high risks. A preliminary report. Am J Surg 112:541-546, 1966.) 



TABLE 21-3 COMPARISON OF CYTOLOGIC DIAGNOSIS WITH HISTOLOGIC FINDINGS 
IN EIGHT CASES OF RECURRENT ORAL EPIDERMOID CARCINOMA 

Number of 

Patients Cytologic Diagnosis Histologic Findings 
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4 


Epidermoid 

carcinoma} 


2 { 


Invasive carcinoma 






2 { 


In situ and infiltrating 
carcinoma 






1 { 


Carcinoma in situ 


3 


Carcinoma in 
situ 


} 1 ' 


j Carcinoma in situ with foci of 

j very superficial invasion 


1 


Suspect 
carcinoma in 
situ 







(Modified from Hutter RVP, Gerold FP. Cytodiagnosis of clinically inapparent oral 
cancer in patients considered to be high risks. A preliminary report. Am J Surg 112:541- 
546, 1966.) 



THE LARYNX 

METHODS OF INVESTIGATION 

It is evident that cytologic examination of the larynx is possible only if an otorhinolaryngologist 
interested in this noninvasive 
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method of diagnosis is willing to obtain a cytologic sample during a direct or indirect 
laryngoscopy. Most papers describing the cytology of the larynx were written by interested 
clinicians, usually in association with a cytopathologist. Avariety of methods were described to 
obtain the cell samples, ranging from a simple cotton swab to sophisticated scrapers or 
brushes. Carcinoma of the larynx may also be discovered in samples of sputum (see Chap. 

20 ). 




Figure 21-9 Primary malignant melanoma of oral cavity. A The smear contained small 
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cancer cells and a large macrophage with phagocytosis of melanin pigment. B. Tissue 
biopsy of the same lesion, showing accumulation of melanin. 



BENIGN LESIONS 

Reaction to Intubation 

The common practice of insertion of tubes into the larynx may lead to a necrosis and ulceration 
of the epithelium, followed by repair. It is not uncommon to have samples of the material 
aspirated for toilette purposes submitted for cytologic examination. 

Sheets of small squamous cells with marked nuclear abnormalities are commonly observed 
in such patients (Fig. 21-10). Of particular interest is the presence of large nucleoli, a feature 
commonly seen in “repair.” These cells may be mistaken for poorly differentiated squamous- or 
adenocarcinoma, unless the clinical history of intubation is available. As a general rule, the 

diagnosis of cancer should not be made in samples obtained from intubated patients 
or patients on respirators. 

Another form of reaction to long-term intubation is tracheitis sicca, mimicking squamous 
cancer, described in Chapter 19. 

Rhinoscleroma 

Acytologic diagnosis of rhinoscleroma of the larynx was reported by Zaharopoulos and 
Wong (1984). Large macrophages with phagocytized encapsulated bacilli (Mikulicz 
cells) were illustrated. The bacterium causing the disease is the gram-negative Klebsiella 
rhinoscleromatis, which usually causes obstructive nasal lesions, responding to antibiotics. 

TUMORS 

Papillomatosis 

Laryngeal papillomatosis was briefly mentioned in reference to papillomatosis of the bronchus 
(see Chap. 20). The interest in this disease has grown exponentially since its association with 
human papillomavirus (HPV) type 11 was documented (Gissmann et al, 1982; Mounts et al, 
1982; Mounts and Shah, 1984). Laryngeal papillomas are squamous papillomas, 
histologically very similar to condylomata acuminata (see Chaps. 11 and 14). As a rule, the 
lesions are multiple, may grow rapidly, and may cause obstruction of the larynx. It has been 
reported that the number of immunoactive intraepithelial cells (Langerhans 1 cells) is markedly 
reduced in these lesions (Chardonet et al, 1986). 

The disease occurs in two forms: a juvenile form affecting children, with the onset usually 
under the age of 5, and an uncommon adult form that usually manifests itself after the age of 
20. It is postulated that in the juvenile form, HPV type 11 is transmitted from the mother to 
the offspring during birth. In fact, many of the mothers give a history of genital condylomata 
acuminata. Both forms are characterized by a chronic course and recurrences after treatment. 
Persistence of HPV in the laryngeal epithelium after removal of the lesions has been 
documented (Steinberg et al, 1983). Aspread of the lesions into the trachea and the bronchi is 
common. Obstruction of the airway is an everexisting danger. Malignant transformation of 
laryngeal papillomas into squamous carcinoma, although rare, does occur. In a case 
reported by Byrne et al (1987), the presence of HPV type 11 in the primary tumor and in the 
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metastases was observed. 

There has been no attempt known to this writer to use cytologic techniques for the diagnosis of 
primary or recurrent 
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laryngeal papillomatosis. However, the cytologic findings in the bronchial manifestations are 
consistent with HPV infection (see Chap. 20). 




Figure 21-10 “Repair” reaction in laryngeal and tracheal aspirates. A. Asheet of 
small squamous cells with sporadic nuclear enlargement and hyperchromasia in a 30-year- 
old man on a respirator for 2 weeks. B. Asheet of small squamous cells with prominent 
nucleoli aspirated through a laryngectomy opening. C. Sheets of columnar cells of 
respiratory type with prominent nucleoli, aspirated through a laryngeal tube. 



Carcinoma 

The vast majority of the malignant tumors of the larynx are squamous carcinomas, many of 
which are keratin-producing. Brandsma et al (1986) reported the presence of HPV type 16 in 
one such cancer. Invasive cancers of the larynx are nearly always symptomatic, with persisting 
hoarseness as the presenting symptom. The grading and staging of laryngeal carcinomas is 
similar to that of the oral cavity. A stage of carcinoma in situ, often classified as “dysplasia,” 
preceding invasive cancer, is well known. 

Cytology 

Although biopsy is the method of choice in the diagnosis of these tumors, Frable and Frable 
(1968), Beham et al (1997), and Malamou-Mitsi et al (2000) reported high levels of cytologic 
accuracy in smears obtained at the time of direct laryngoscopy, prior to biopsy. The cytologic 
findings are identical to those described for similar cancers of the oral cavity. 

There is ample evidence that invasive carcinoma of the larynx is preceded by carcinoma 
in situ. The latter lesion may either be keratinized, hence, white on inspection 
(leukoplakia), or nonkeratinized, which produces an area of redness. It must be stressed 
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that not all areas of leukoplakia harbor carcinoma. Hyperkeratosis may also occur in the 
absence of cancer. 

In one of the early attempts at cytologic diagnosis of laryngeal lesions, a cotton swab smear of 
the larynx led to diagnosis of squamous carcinoma in situ in a man age 50 with mere 
redness of the vocal cords. Dyskaryotic (dysplastic) squamous cells with abundant 
cytoplasm and enlarged, hyperchromatic nuclei were characteristic of this lesion (Fig. 
21 - 11 ). 

Lundgren et al (1981) used a small wooden pin and a small brush to obtain cell samples from 
the larynx of 350 patients during direct laryngoscopies. The technical quality of the smears and 
the accuracy of the procedure were judged to be good. Several cases of carcinoma in situ 
and “severe” and “moderate” dysplasia were recorded. It is evident that the term 
“dysplasia” was used to describe a precancerous lesion because 46 of the 120 patients with 
this cytologic diagnosis proved to have invasive cancer, and 37 had carcinomas in situ. There 
were 26 lesions judged benign on biopsy, 25 of them with the diagnosis of “moderate 
dysplasia” and some of them possibly occult carcinomas, as documented by the authors in one 
case with adequate follow-up. There were also 33 malignant lesions missed by cytology for 
various reasons. The sensitivity of the procedure was estimated at 83% and the specificity at 
84%. In a recent 



publication based on a small number of patients, Malamou-Mitsi et al (2000) reported a 
specificity of 100% and sensitivity of more than 90%. 



Figure 21-11 Carcinoma in situ of larynx. Primary diagnosis by smear. A Swab smear 
of a slightly reddened larynx in a 54-year-old man. Note the excellent differentiation of 
abnormal cells resembling “dyskaryosis.” B. The lesion proved to be a carcinoma in situ as 
shown here. 



A relatively large number of occult carcinomas of the larynx were discovered in sputum during 
the search for occult bronchogenic carcinomas (see Chap. 20). The cancer cells in sputum do 
not differ from those of a bronchogenic squamous carcinoma. It must be stressed that identical 
cytologic presentation may also be observed in similar carcinomas of the oral cavity, 
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the nasopharynx, and the trachea. These areas must be investigated if the sputum is 
positive and if there is no clinical evidence of oral or lung cancer. 

There are very few benign cytologic abnormalities of the larynx that can mimic squamous 
carcinoma. The small squamous cells found in sputum in cases of laryngitis, known as 
Pap cells, are perhaps the only finding of note (see Chap. 19). Frable and Frable (1968) and 
Lundgren et al (1981) pointed out that radiation changes, similar to those observed in the 
uterine cervix or the lung, may occur in larynges that have been irradiated for invasive 
carcinoma (see Chaps. 18 and 19). The importance of careful follow-up of patients after 
laryngectomy for carcinoma has been stressed elsewhere (see Chap. 20). 

Other malignant tumors of the larynx are uncommon. These include carcinomas of minor 
salivary glands (Spiro et al, 1973) and the rare small-cell endocrine tumor of the same 
origin (Koss et al, 1972). An exceedingly rare form of squamous carcinoma of the larynx 
with a spindle cell component (pseudosarcoma) has been reviewed by Goellner et al (1973). 

The prognosis of this tumor is surprisingly favorable, as is the case with similar tumors of the 
esophagus (see Chap. 24). The cytologic presentation of these rare tumors has not been 
described. 

THE TRACHEA 
REPAIR REACTION 

As described above, an injury to the trachea during intubation or tracheostomy may result in 
florid squamous metaplasia or “repair” reaction. Sheets of immature squamous cells with 
monotonous, but somewhat enlarged, clear nuclei containing large nucleoli may be seen (see 
Fig. 21-10). 

CARCINOMAS 

Primary carcinomas of the trachea are uncommon. The symptomatology of tracheal carcinoma 
is the same as for bronchogenic carcinoma — cough and hemoptysis. Rarely, such lesions may 
cause asthmatic attacks (Baydur and Gottlieb, 1975). 

Carcinomas of the trachea are primarily of two types: squamous carcinoma, which may 
be synchronous or metachronous with bronchogenic carcinoma and is often keratinizing; 
and adenoid cystic carcinoma of minor salivary (mucous) glands. The latter lesion is 
identical with adenoid cystic carcinoma of major salivary or bronchial glands and is described in 
the appropriate chapters. 

Hajdu and Koss (1969) reported the cytologic findings in 14 patients with tracheal carcinoma, of 
which 10 were squamous and 4 were adenoid cystic. The squamous cancer was recognized 
either in sputum or in tracheobronchial aspirates in 9 of 10 patients. All 4 adenoid cystic 
carcinomas were recognized in direct tracheal aspirates. 

The cytologic presentation of squamous carcinoma of the trachea was in every way 
similar to squamous carcinoma of the bronchus (see Chap. 20) or the larynx (Fig. 21-12). As is 
the case in other organs, the adenoid cystic carcinoma was characterized by tightly 
packed clusters of small cancer cells with scanty cytoplasm, often surrounding a central 
core of transparent hyaline material composed of layers of reduplicating basement membranes 
and forming the “cystic” component of the tumor (Fig. 21-13). 
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Figure 21-12 Epidermoid carcinoma of trachea. A Cluster of cells of epidermoid 
carcinoma in sputum. Note the enlarged, hyperchromatic nuclei. B. Histologic appearance 
of tumor. (From Hajdu SI, Koss LG. Cytology of carcinoma of the trachea. Acta Cytol 
13 : 256 - 259 , 1969 .) 
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Figure 21-13Adenoid cystic carcinoma of the trachea. A,B. Tracheobronchial aspirate. 
Typical tight clusters of uniform small cancer cells, one with central space containing 
hyaline material (arrow). C. Similar central deposits of material may be observed in the 
histologic section ( arrowheads ). Tracheal cartilage is seen in the bottom of the last 
photograph. (From Hajdu SI, Koss LG. Cytology of carcinoma of the trachea. Acta Cytol 
13:256-259, 1969.) 
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THE NASOPHARYNX 

METHODS OF SAMPLING AND INDICATIONS 

Cytologic examination of the nasopharynx requires direct scraping, which is best performed 
under visual control with a fiberoptic instrument. 

The diagnostic sampling has several applications including to confirm an allergic disorder, such 
as asthma, or the detection of nasopharyngeal neoplasms, as narrated below. 
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NORMAL SMEARS 

Scrape smears from nasopharyngeal epithelium contain squamous cells, ciliated 
respiratory type cells, and goblet cells; hence, their makeup is similar to that of bronchial 
smears (Fig. 21-14). 




Figure 21-14 Nasopharynx: inflammation. Note a mixture of ciliated columnar cells 
against a background of polymorphonuclear leukocytes. 



INFLAMMATORY DISORDERS AND BENIGN TUMORS 

Cytology of the nasopharynx has been extensively studied in patients with common colds or 
upper respiratory tract viral infections. In smears, there is partial or total necrosis of the 
exfoliated respiratory epithelium and changes similar to ciliocytophthoria, described in 
Chapter 19. In asthma, a marked increase of eosinophilic leukocytes may be noted. 

In an aspirate of the nasopharynx, we observed markedly atypical degenerated 
macrophages with markedly enlarged and hyperchromatic, yet homogeneous single or 
multiple nuclei, shown in Figure 21-15. The cells were mistaken for cancer cells but long-term 
follow-up of the patient failed to reveal a primary or metastatic tumor. 



Fortin and Meisels (1974) reported a case of rhinosporidiosis of the nasal cavity, a disease 
caused by a fungus Rhinosporidium seeberi. The disorder causes polyp-like lesions. Large 
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numbers of ovoid spores are characteristic of this infection. An incidental finding of 
amyloidosis in a smear from a nasopharyngeal carcinoma was reported by Chan et al (1988). 

A number of disorders on the border of inflammation and neoplasia may affect the nasopharynx. 

Among them are Wegener's granulomatosis (lethal midline granuloma), which may 
culminate in a malignant lymphoma. There is limited information on the cytologic presentation of 
these disorders. The presence of smooth muscle cells in sputum in a case of Wegener's 
granulomatosis with ulceration of bronchial lining was reported by Takeda and Burechailo 
(1969; see Chap. 20). 

Jones et al (2000) described a rare disorder known as pyogenic granuloma or pregnancy 
tumor of the nasal cavity of pregnant women. The disorder, also known as hemangiomatous 
granuloma, is a red, rapidly growing tumor of unknown etiology (reviews in Smulian et al, 

1994; Sills et al, 1996). The tumor may be mistaken for other neoplasms with a rich capillary 
component, such as malignant hemangioma or Kaposi's sarcoma. There are no reports on 
cytologic presentation of pyogenic granuloma but the technique should prove useful in the 
differential diagnosis. 

MALIGNANT TUMORS 

Nasopharyngeal Carcinoma 

For unknown reasons, the incidence of carcinoma of the nasopharynx is very high among 
ethnic Chinese (Chien et al, 2001). In Norway, nasopharyngeal epidermoid carcinoma was 
observed in nickel workers (Torjussen et al, 1979) in whom various stages of precancerous 
abnormalities ranging from loss of cilia to squamous metaplasia, to carcinoma in situ, could be 
observed. 

The association of nasopharyngeal carcinomas with Epstein-Barr (EB) virus is well 
documented (summaries in Purtilo and Sakamoto, 1981; Cohen, 2000; Chien et al, 2001). It is 
not known what role, if any, the virus plays in 
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the genesis of the tumors. However, the presence of the EB virus, documented by 
molecular techniques in aspirated cell samples from metastatic tumors in neck lymph 
nodes, supports the presumption of origin from a primary nasopharyngeal carcinoma 

(Feinmesser et al, 1992). The presence in serum of serologic markers for EB virus was 
predictive of nasopharyngeal carcinoma (Chien et al, 2001). 



* 




Figure 21-15 Atypical benign macrophages in nasopharyngeal aspirate. A and B 



1258/3276 



Koss' Diagnosfld C^fchgjiis& ILtesWatopfethel^kl E&sefy, JEl&rpik, Trachea, Nasopharynx, and Paranasal Sinuses 

show cells with markedly enlarged, hyperchromatic nuclei, mistaken for cancer cells. In B, 
the abnormal nuclei are multiple. In B, the huge size of the abnormal cells may be 
compared with that of three normal macrophages in the same field. Acareful work-up of the 
patient and many years of follow-up failed to reveal any evidence of cancer. Hence, it may 
be assumed that the cells are degenerated, markedly atypical, but benign macrophages. 



Histology 

Muir and Shanmugaratnam (1967) studied 994 cases of carcinoma of the nasopharynx and 
subdivided the tumors into three main groups of tumors, namely, squamous carcinoma, 
nonkeratinizing carcinoma, and undifferentiated carcinoma, the latter including 
nonkeratinizing carcinomas and the tumors known as lymphoepitheliomas (also known as 
Schmincke's or Regaud's tumors). Only 1 % of the tumors were found to be of other types and 
included mucus-producing carcinomas of colonic type and olfactory neuroblastomas 
(esthesioneuroblastomas), discussed below. The significance of this tumor classification in 
reference to response to radiation treatment and survival showed that undifferentiated 
carcinoma offered the best prognosis (Shanmugaratham et al, 1979). 

The lymphoepitheliomas are characteristically composed of large, undifferentiated 
tumor cells with pale nuclei and large nucleoli, embedded in a stroma rich in 
lymphocytes. Primary lymphoepitheliomas may be asymptomatic but tend to metastasize 
early to the lymph nodes of the neck and the metastasis may be the first manifestation 
of the tumor, a fact also emphasized by Dr. MY Ali, at the University of Singapore. 

Pathmanathan et al (1995) reported that clonal proliferation of cells infected with EB virus, 
obtained from the nasopharynx, was diagnostic of precancerous lesions such as dysplasia 
and carcinoma in situ. The authors speculated that the presence of EB virus transforming 
gene LMP-1 was essential for neoplastic proliferation to take place. 

Cytology 

Ali (1965) adopted cytologic techniques to the diagnosis of nasopharyngeal carcinoma, using 
swab smears, obtained with cotton-tipped applicators. Squamous or epidermoid carcinomas 
of the nasopharynx do not significantly differ from squamous cancers in other 
locations. Undifferentiated carcinomas (including lymphoepitheliomas) were characterized 
by large cancer cells with scanty cytoplasm and prominent irregular nuclei, often with 
large multiple nucleoli (Fig. 21-16). The lymphoepitheliomas also contained a population 
of lymphocytes in the smear. Because these tumors often metastasize to lymph nodes of the 
neck (as noted, sometimes as the first manifestation of disease), aspiration biopsy of the 
lymph node metastases is of significant diagnostic value (Fig. 21-17). In most instances, 
the tumors cannot be specifically identified, except that they are epithelial in nature. As has 
been discussed above, the presence of EB virus in the material aspirated from lymph nodes 
supports the nasopharyngeal origin of the tumor (Feinmesser et al, 1992). 

Results 

Ali's results are summarized in Table 21-4. The results pertain largely to fully developed 
malignant tumors from symptomatic patients and are generally less satisfactory than results 
from other sites within the head and neck area. The difficulty of obtaining adequate samples 
from ulcerated and bulky tumors may account for these results. Ali's results compare favorably 
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with those obtained by others and quoted by Ali from sources largely inaccessible to this author. 

With the exception of two small studies in the United States (Morrison et al, 1949; Hopp, 1958), 
the accuracy is below 50% of all cancers investigated. In view of the very high incidence of 
cancers of the nasopharynx among the Chinese, a cancer detection project, having for its 
purpose developing more effective cytology sampling with improved diagnosis of these lesions 
in preclinical stages, would seem 

P.733 

worthwhile. The observation of Pathmanathan et al (1995), cited above, may conceivably serve 
this purpose. 




Figure 21-16 Cytologic aspects of cotton-swab smears of three undifferentiated 
nasopharyngeal carcinomas. Scantiness of cytoplasm, anisonucleosis, and very large 
nucleoli are readily observed. In A a single lymphocyte is present. In C, a few lymphocytes 
are intermingled with the much larger cancer cell nuclei. D. Histologic section of an 
undifferentiated nasopharyngeal carcinoma. Note the lymphoid component. (Courtesy of 
Dr. M.Y. Ali, Singapore.) 
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OTHER TUMORS 

The rare adenocarcinomas of colonic type were not studied cytologically. Olfactory 
neuroblastoma or esthesioneuroblastoma is a rare tumor of the nasopharynx of adults, 
derived from olfactory neural elements. The tumor structurally mimics a neuroblastoma, 
although it has a much better prognosis. Rosette formation by small tumor cells, with an 
accumulation of neurofibrils in the center is characteristic of this tumor. A case of this rare 
tumor diagnosed cytologically from a scrape smear of the nasal vault was reported by Ferris et 
al (1988). Another such case, diagnosed by thinneedle aspiration of the tumor, was reported by 
Jelen et al (1988). The cytologic features of neuroblastoma in aspiration biopsy are discussed 
in Chapter 40. 

Other rare tumors of the nasopharynx such as chordoma, craniopharyngioma, and 
plasmocytoma will be briefly described and illustrated in appropriate chapters (also see article 
by Scher et al, 1988). 



PARANASAL SINUSES 

Malignant tumors of the paranasal sinuses comprise squamous or epidermoid carcinomas, 
adenocarcinomas, mainly of minor salivary (mucous) gland origin, the socalled Schneiderian 
carcinomas, resembling urothelial carcinomas, and an occasional rarity such as a primary 
melanoma or sarcoma. In debatable clinical situations, washings from the paranasal sinuses 
may be submitted for cytologic evaluation. In most instances, the cytologic material shows 
evidence of acute or chronic inflammation, reflecting sinusitis. Occasionally, however, evidence 
of cancer may be observed, thereby clarifying the clinical situation. The cytologic presentation 
of these malignant tumors is identical with tumors of similar histological pattern arising in the 
oral cavity, larynx, trachea, and nasopharynx. 
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Figure 21-17 Metastatic nasopharyngeal carcinoma to lymph nodes as the first 
manifestation of disease. A,B. Scattered, small malignant cells, singly and in clusters, 
and lymphocytes in an aspirated sample from the enlarged neck nodes in a 23-year-old 
Chinese patient. C,D. Biopsy of the polypoid tumor of the nasopharynx. C shows the 
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surface of the lesion, lined by benign epithelium. D shows the tumor composed of sheets 
of large epithelial cells surrounded by lymphocytes (lymphoepithelioma). 



TABLE 21-4 THE ACCURACY OF DETECTION OF MALIGNANT CELLS IN 
NASOPHARYNGEAL SMEARS 

Histologically 

Histologically Negative for Overall 

Confirmed Malignancy Cancer Accuracy 

Total 

Number Positive Negative 

Examined Total Cytology % Total Cytology % 



Normal 

controls 25 - - - 25 25 100 

Cases 

clinically 

suspected 

for cancer 138 79 35 44.3 59 59 68.1 



[Ali MY. Cytodiagnosis of Nasopharyngeal Carcinoma (Its Histological and Cytological 
Bases). Thesis, Department of Pathology, University of Singapore, 1965.] 
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The Lower Urinary Tract in the Absence of Cancer 

URINARY TRACT CYTOLOGY: ITS ACCOMPLISHMENTS AND FAILURES IN 
HISTORICAL PERSPECTIVE 

Examination of urine belongs among the oldest medical procedures in the history of mankind. 

Ancient Egyptians were aware of the importance of bloody urine in the diagnosis of bladder 
disorders that were later identified as cancer caused by the parasite Schistosoma 
haematobium. As noted in an important historical contribution by Badr (1981), the papyrus of 
Kahun, dated 1900 years B.C., contains a hieroglyphic describing hematuria (Fig. 22-1). The 
gross inspection of urine (often collected in special containers) or “uroscopy” was an important 
diagnostic procedure for many centuries. Fisman (1993) presented an amusing account of the 
role played by uroscopy in 17th century England and pointed out that this practice persisted 
until the early years of the 20th century. In 1856, Wilhelm Duschan Lambl, a 
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Czech physician, published a remarkable paper on the use of the microscope for the 
examination of the urinary sediment at the bedside. Lambl described and illustrated a number of 
bladder conditions, including cancer (Fig. 22-2). This was the beginning of contemporary 
cytology of the urinary sediment. The reader is referred to other sources for a detailed 
description of these early events (Koss, 1995). 






Figure 22-1 Hematuria, as recorded in the papyrus of Kahun (1900 B.C.), with reference 
to schistosomiasis. (From Badr M. Schistosomiasis in ancient Egypt. In El-Bolkainy M, Chu 
EW (eds). Detection of Bladder Cancer Associated with Schistosomiasis. Cairo, Egypt, The 
National Cancer Institute, 1981.) 



Nearly 150 years after the publication of Lambl's contribution on the cytology of the urinary 
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sediment, the benefits and limitations of this method of diagnosis are still poorly understood by 
urologists and pathologists. It would be a safe bet that the opinions of individual urologists may 
vary from total indifference to the method as worthless in clinical practice, to the rare 
enthusiastic endorsement, with the majority expressing a moderate degree of interest in a 
method of occasional value. 

The problem with cytology of the urinary tract is the lack of basic understanding of the 
accomplishments and limitations of the method and of the pathologic processes 
accounting for it. As will be set forth in this and the next chapter, it is unrealistic to expect that 
the cytologic method will serve to recognize the presence or recurrence of low-grade 
papillary tumors. It is equally unrealistic to expect that cytology of urine, or of the various 
ancillary sampling procedures, will help in differentiating low-grade papillary tumors from 
other space-occupying lesions of the renal pelvis or ureter. This accounts for the 
introduction of numerous noncytologic methods of diagnosis by commercial companies, 
discussed in the next chapter. 

On the other hand, cytologic techniques are highly effective in detection and diagnosis of high- 
grade malignant tumors, particularly flat carcinomas in situ, which are the principal 
precursor lesions of invasive urothelial cancer. Cytology of urine is also valuable in the 
recognition of various viral infections, particularly human polyomavirus, and the effects of 
various therapeutic procedures. In our judgment, cytology of the urinary tract is one of the 
most important diagnostic methods in urologic oncology, provided: 

■ It is used properly by the urologist under well-defined circumstances and for well-defined 
reasons. 

■ It is performed by a laboratory competent in processing and interpretation of such specimens. 

■ The urologist and the pathologist understand the limitations of the method and are familiar 
with sources of error. 
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Figure 22-2 Figures from Lambl's 1856 paper. Figure 11 illustrates various cells and 
crystals observed in the urinary sediment. Figure 13 shows a “Papillary pseudoplasma 
from the urethra of a girl” — undoubtedly a condyloma acuminatum. 



Application of Cytology in Forensic Sciences 

An unusual application of cytology is the identification of female cells in postcoital swab 
smears of the penis. Fluorescence in situ hybridization techniques were used to record 
female cells with two X chromosome signals (Collins et al, 2000). The technique may be helpful 
in proving sexual contact in cases of presumed rape. 

ANATOMY 

The urinary tract is composed of the kidneys, ureters, urinary bladder, and urethra. The 
position of these organs in the abdominal cavity and the methods of cytologic sampling are 
shown in Figure 22-3. 

The two kidneys are fist-sized, encapsulated organs located laterally in the retroperitoneal 
space. The principal function of the kidney is to filter blood and eliminate harmful products of 
metabolism and other impurities that are excreted in urine. The bulk of the kidney is constituted 
by the filtering apparatus or nephrons, each composed of the principal filtering device, or the 
glomerulus, connected to a series of tubules. The filtrate generated by the glomeruli 



undergoes many modifications in the tubulus until the final product of the filtration process, or 
the urine, is excreted into the renal pelvis, whence it travels through the ureters to the 
bladder. 



Figure 22-3 Diagram of the principal organs of the urinary tract and the methods of 



P.740 



Needle aspiration 



Principal 

Diagnostic 

Approach 




1276/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, SIB Ecfhe Lower Urinary Tract in the Absence of Cancer 

investigation by either exfoliative or aspiration cytology. (Diagram by Dr. Diane 
Hamele-Bena, College of Physicians and Surgeons of Columbia University, New York, NY.) 



The kidney is essential to the maintenance of osmotic equilibrium in the blood. It also 
contributes to the regulation of blood pressure and has several other ancillary functions. It is 
beyond the scope of this book to provide details on the complex structure and function of the 
kidneys and interested readers are referred to specialized sources for further information. 

The ureters are firm cylindrical structures, about 20 to 25 cm in length and about 0.5 cm in 
diameter. In their course toward the bladder, the ureters cross the pelvic brim and enter the 
bony pelvis, and thence the urinary bladder. In the female, the ureters pass near the 
lowest segment of the uterus to reach the bladder. This relationship is important in patients 
with invasive cancer of the uterine cervix that can surround and obstruct the ureters. 

The bladder is a balloon-shaped organ composed from inside out of an epithelium, a 
connective tissue layer known as lamina propria, and an elastic muscular wall (muscularis 
propria). These component tissues work in unison to allow expansion of bladder volume while 
accumulating urine and collapse with voiding. Under pathologic circumstances, the bladder is 
capable of accommodating up to several liters of urine without rupture. 

Lamina propria is a thin layer of connective tissue supporting the urothelium. It is rich in 
vessels and in most individuals, but not all, contains an interrupted thin layer of smooth 
muscle cells (muscularis mucosae). The nests of Brunn and the cysts of cystitis 
cystica are located within the lamina propria. Muscularis propria, or the principal muscle of 
the bladder, is composed of two thick concentric layers of smooth muscle, in continuity with 
the muscular wall of the ureters. 

The embryologic derivation of the bladder is in part from the cloaca, or the terminal portion 
of the embryonal intestinal tract. A vestigial organ, the urachus, a remnant of the embryonal 
omphaloenteric duct, connects the bladder dome with the umbilicus. Other parts of the bladder 
are derived from the genital tubercle. This dual embryonal origin accounts for the variety of 
epithelial types that may occur in the bladder (see below). The basal portion of the urinary 
bladder contains the trigone, a triangular area with the apex directed forward to the urethra. 
The two ureters enter the bladder at the posterior angles of the trigone. The urine passes 
from the bladder into the urethra, which begins at the apex of the trigone. The important 
anatomic relationships of the trigone differ between females and males. In the female, the 
trigone overlies the vesicovaginal septum and the vagina, whereas in the male, the 
immediately underlying organs are the prostate and seminal vesicles. It is evident that 
cancers of these various organs may extend to the trigone and vice-versa. 

The female urethra has only a very short course and opens into the upper portion of the 
vaginal vestibule, somewhat behind and below the clitoris (see Chap. 8). In the male, the 
urethra runs across and through the prostate and enters the penis. The anatomy of the 
prostate is discussed in Chapter 33. 

THE UROTHELIUM 

Histology 

Urine is a toxic substance and, hence, the renal pelves, ureters, bladder, and urethra 
must be capable of preventing the seepage of urine into the capillary bed in the wall of 
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these organs or, in other words, protecting the urine-blood barrier. This protective function 
is, at least in 
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part, vested in the highly specialized type of epithelium lining these organs. Because of its 
unique structure and ultrastructure, this epithelium should be referred to as the urothelium, 
but is often called by the improper traditional term — transitional epithelium. The urothelium 
is uniquely flexible and adapts to the changing volume of urine in the bladder, without 
breaching the urine-blood barrier. 

In tissue sections, the normal urothelium is composed on the average of seven layers of 
cells, although the number of cell layers may appear greater in contracted bladders and 
smaller in dilated bladders. The superficial cells of the urothelium, also known as the 
umbrella cells, are very large and are often multinucleated. The term umbrella cells 

indicates that each superficial cell covers several smaller cells of the underlying deeper layer in 
an umbrellalike fashion. In histologic sections of the bladder, the umbrella cells vary in 
shape, according to the state of dilatation of the bladder. In the dilated bladder, they appear 
flat; in the contracted bladder, they are more rounded or cuboidal (Fig. 22-4C,D). In the 
renal pelvis, the ureters, and the urethra, the umbrella cells are usually cuboidal in 
configuration. The structure of umbrella cells is much better seen in cytologic material than in 
tissue sections (see below). The deeper cell layers are made up of cuboidal cells with a 
single nucleus. The schematic representation of the dilated and contracted mammalian 
urothelium is shown in Figure 22-4A,B. Cordon-Cardo et al (1984) and Fradet et al (1987) 
documented immunologic differences between deeper and superficial cells of the urothelium by 
means of various monoclonal antibodies. It should be added that Petry and Amon (1966) 
believed that cells in all layers of the urothelium were attached to basement membrane by 
means of cytoplasmic extensions. We were unable to confirm this observation. 




Figure 22-4 Diagrammatic representation of a dilated ( A ) and contracted (B) 
bladder urothelium to show the changes in cell configuration and the mechanism of cell 
movement. The superficial cells (umbrella cells) are shown lined by thick plaques of the 
asymmetric unit membrane, with intercalated segments of thin, symmetric membrane. The 
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structure of the membrane can be compared with medieval armor in which flexible links 
between metal plates provided mobility for the bearer. Near the surface, the umbrella cells 
are linked by tight junctions (TJ). Abundant desmosomes bind the epithelial cells. 
Hemidesmosomes bind the epithelium to the lamina densa (LD). Note the difference in the 
configuration of the superficial cells in the dilated and contracted bladder. C. Histologic 
section of a dilated bladder, corresponding to A D. Histologic section of a contracted 
bladder, corresponding to B. Note differences in the configuration of umbrella cells. ( A,B : 
Modified from Koss LG. Some ultrastructural aspects of experimental and human 
carcinoma of the bladder. Cancer Res 37:2824-2835, 1977.) 



Ultrastructural observations disclosed that the umbrella cells in all mammals, including 
humans, are lined on their surface (facing the bladder lumen) by a unique 
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membrane known as the asymmetric unit membrane (AUM) (Hicks, 1966; Koss, 1969, 

1977). The membrane has two components — rigid, thick plaques and intervening 
segments of thin plasma membrane or hinges (Fig. 22-5). The plaques, measuring about 
13 nm in thickness, are composed of three layers; the two outer layers are electron 
opaque and of unequal thickness, the central layer is electron lucent. The term asymmetric 
unit membrane is descriptive of the difference in thickness of the electron-opaque 
components. It is assumed that the plaques may play a role in the urine-blood barrier, whereas 
the intervening segments of plasma membrane act like hinges, providing flexibility to 
the plaques, thereby ensuring that the umbrella cells can adapt to changing urinary 
volume requirements (Fig. 22-4C.D). There is some experimental evidence that the 
destruction of the superficial cells increases the permeability of the bladder to lithium ions 
(Hicks, 1966). Still, the urine-blood barrier remains in place, even in the absence of umbrella 
cells or of the asymmetric plaques, as is common in older persons (Jacob et al, 1978). Hu et al 
(2000) suggested that this function is vested in one of the membrane proteins, uroplakins (see 
below). Ablation of the uroplakin III gene in mice resulted in formation of smaller epithelial 
plaques and urothelial leakage. Still, it is likely that the urine-blood barrier function is also 
vested in other components of the bladder wall, such as the basement lamina and the muscle. 

For discussion of uroplakins, see below. 

The AUM is produced in the Golgi complex of the superficial cells and travels to the surface 
packaged into oblong vesicles (Fig. 22-5), as was documented many years ago (Hicks, 1966; 

Koss, 1969, 1977). The chemical structure of the AUM has been unraveled. Its protein 
components, known as uroplakins la, lb, II, III, have been analyzed and sequenced and their 
role as marker molecules will be discussed in the next chapter (Yu et al, 1990; Wu et al, 1990, 

1994; 1996). The particles of the uroplakins form well-ordered hexagonal lattices (Walz et al, 

1995). Liang et al (1999) studied the chemical make-up of the “hinges,” located between 
the plaques in bovine urothelium. They reported that these segments of the urothelial surface 
membrane have a specialized chemical make-up, differing from the plaques. 
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Figure 22-5 Electron micrograph of a superficial cell of moderately dilated rat 
bladder. Note the characteristic oblong vesicle (V) lined by a rigid, asymmetric unit 
membrane, morphologically identical with segments of the cell membrane (C). L, lumen of 
bladder. Fine tonofilaments (T) are evident as well as a few round vesicles and 
mitochondria, (* 20, 400.) 



The deeper epithelial cells are of approximately cuboidal shape and are attached to each 
other by numerous desmosomes. These cells have no specific ultrastructural features. 

Of signal interest is a series of studies suggesting that the urothelium may have highly 
specialized active functions, such as regulating protein secretions in urine (Deng et al, 2001) 
and secretion of growth hormone (Kerr et al, 1998). 

It is of note that human urothelial cells can be successfully cultured from the sediment of voided 
urine (Herzet al, 1979). The AUM may persist in several generations of these cells (Shokri- 
Tabibzadeh et al, 1982). 

Epithelial Variants in the Lower Urinary Tract 

Because of its diverse embryonal origin, the lower urinary tract may be partially lined by 
epithelia other than the urothelium. These are: 

■ Squamous epithelium of vaginal type 

■ Intestinal type glandular epithelium 

■ Brunn's nests and cystitis cystica 

The location and distribution of these epithelial variants was documented by mapping studies of 
normal bladders (Morse, 1928; Wiener et al, 1979; Ito, 1981). The frequency of these epithelial 
variants is summarized in Table 22-1. 

Squamous Epithelium of the Vaginal Type 

The trigone of the bladder in approximately 50% of normal adult women and in a small 
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proportion of men contains areas of nonkeratinizing squamous epithelium of the vaginal 
type (Fig. 22-6A). In cystoscopy, this area may appear as a gray membrane. Although this is 
merely an anatomic variant of bladder epithelium and evidence of inflammation 
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is usually absent, this condition has been recorded clinically as “urethrotrigonitis,” 
“epidermidization,” or “membranous trigonitis.” In women, this epithelium appears to 
be under hormonal control and is the most likely source of squamous cells in 
urocytograms, described in Chapter 9. 



TABLE 22-1 FREQUENCY OF EPITHELIAL VARIANTS IN 100 CONSECUTIVE NORMAL 
BLADDERS (61 MALE, 39 FEMALE; 8 CHILDREN AND 92 ADULTS) 



Total bladders with one or more lesions: 93 





Male 


Female 


Brunn's nests 


53 


36 


Cystitis cystica 


32 


28 


Vaginal metaplasia 


3 


19 


None 


* 

6 


* 

1 



Two newborns: 1 male, 1 female. 5 males: 4 adults, 1, age 13. From Weiner etal, 
1979. 




Figure 22-6 Variants of urothelium. A Squamous epithelium of the vaginal type from the 
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trigone of an adult woman. B. Glandular epithelium of intestinal type, adjacent to plugs of 
squamous epithelium from an exstrophic bladder in a 7-year-old child. C. Nests of Brunn. 
D. Cystitis cystica. 



Intestinal-Type Epithelium 

Because the embryonal intestinal tract (the cloaca) participates in the formation of the lower 
urinary tract, areas of mucus-producing intestinal-type epithelium with goblet cells may 
occur in the bladder, the ureters, and even the renal pelves. In most patients, these areas 
are small, but occasionally the bladder (sometimes also the ureters and the renal 
pelves) may be fully or partially lined by this type of the epithelium (Fig. 22-6B). This is 
particularly evident in exstrophy, a congenital abnormality in which at birth, the bladder is 
located outside of the abdominal wall, but may also occur in anatomically normal organs (Koss, 

1975). The intestinal type epithelium may contain endocrine Paneth cells. When the surface 
lined by intestinal epithelium is large, it presents a high risk for adenocarcinoma. 

Brunn's Nests and Cystitis Cystica 

The urothelium of the bladder may form small, usually round buds, known as the nests of von 
Brunn (Brunn's nests) that extend into the lamina propria, occasionally to the level of the 
muscularis. Brunn's nests occur in approximately 80% of normal bladders. Occasionally, a florid 
proliferation of Brunn's nests may occur within the lamina propria (Volmar et al, 2003). Within 
the center of Brunn's nests, there is often formation of cysts, which may be lined by 
mucus-producing columnar epithelium (Fig. 22-6C). The cysts may become quite large and 
distended with mucus, giving rise to so-called cystitis cystica or glandularis (Fig. 22-6D). 

Gland-like cystic structures may also arise directly from the urothelium without going through 
the stage of Brunn's nests. Some of these structures may express prostate-specific antigen 
(Nowels et al, 1988). It is traditional to consider Brunn's nests and cystitis cystica as an 
expression of abnormal urothelial proliferation, either caused by an inflammatory process or as 
an expression of a neoplastic potential. This most emphatically is not true. The mapping 
studies of normal urinary bladders disclosed that such findings are common in normal bladders 
and must be considered as mere anatomic variants of the urothelium (Morse, 1928; Wiener et 
al, 1979; Ito, 1981). 

Nephrogenic adenoma or adenosis is an uncommon benign lesion of the urinary bladder, 
composed of cystic spaces of various sizes lined by cuboidal epithelial cells (Koss, 1985). The 
lesion may contain elements of renal tubules. The lesion is of no diagnostic significance in 
urinary tract cytology, unless it becomes a site of an adenocarcinoma. 
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CYTOLOGY OF THE LOWER URINARY TRACT 

As indicated in the anatomic diagram (see Fig. 22-3), there are two principal methods of 
cytologic sampling of the urinary tract: exfoliative cytology based on voided urine, washings 
or brushings of the epithelial surfaces, and needle aspiration techniques of solid organs, the 
kidneys, adrenals, retroperitoneum, and prostate. In this chapter, only the exfoliative cytology of 
the epithelial surfaces of the lower urinary tract is described. Aspiration biopsy of the solid 
organs is described in Chapters 33 and 40. 
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Methods of Specimen Collection 

The principal methods of specimen collections are: 

■ Voided urine 

■ Catheterized urine 

■ Direct sampling techniques 

Bladder washings or barbotage 

Cell collection by retrograde catheterization of ureters 

Direct brushings 

The selection of the method of specimen collection and processing depends on 
clinical circumstances and the goal of the examination. The advantages and 
disadvantages of the various methods are summarized in Table 22-2. 

Voided Urine 

This is by far the easiest and least expensive method of cytologic investigation of the urinary 
tract. The technique is valuable as a preliminary assessment of a broad spectrum of 
abnormalities of the urethra, bladder, ureters and renal pelves and, under special 
circumstances, of the kidney and prostate. 

Urine is an acellular liquid product of renal excretory function. As the liquid passes through the 
renal tubules, renal pelvis, ureter, bladder, and urethra, it picks up desquamating cells derived 
from the epithelia of these organs. Inflammatory cells, erythrocytes, and macrophages are 
frequently seen. Voided urine normally has an acid pH and a high content of urea and other 
organic components; therefore, it is not isotonic. Consequently, the urine is not a hospitable 
medium for desquamated cells, which are often poorly preserved and sometimes 
difficult to assess on microscopic examination. 

Collection 

Morning urine specimens have the advantage of highest cellularity, but also the disadvantage 
of marked cell degeneration. A specimen from the morning's second voiding is usually 
best. Three samples obtained on 3 consecutive days are diagnostically optimal (Koss et 
al, 1985). Naib (1976) recommended hydration of patients to increase the yield of desquamated 
cells (1 glass of water every 30 minutes during a 3-hour period). 

Processing 

Unless the urine is processed without delay, the addition of a fixative is recommended. In our 
hands, the best fixative is 2% polyethylene glycol (Carbowax) solution in 50% to 70% 
ethanol (Bales, 1981). To achieve best results, the patient should be provided with a 250 to 
300 ml wide-mouth glass or plastic container one-third filled with fixative. This makes it 
convenient for home collection of samples. 

The urinary sediment can be processed in a variety of ways. The specimen can be centrifuged 
for 10 minutes at moderate speed and a direct smear of the sediment made on adhesive- 
coated slides. The urine can be filtered using one of the commercially available filtering 
devices, either for direct viewing of cells on the surface of the filter, or after transferring the 
filtered cells to a glass slide by imprinting them (reverse filtration). Alternatively, the cellular 



1283/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, SIB EcFhe Lower Urinary Tract in the Absence of Cancer 

sediment can be placed on an adhesive-coated slide by use of a cytocentrifuge, preferably 
using the method developed by Bales (1981) in our laboratory. Several commercial methods 
of preparation of the urinary sediment have been developed within recent years. Urine 
sediment preparation by ThinPrep has been reported by Luthra et al (1999) as giving 
satisfactory results. Both ThinPrep and SurePath gave satisfactory results to Wright and 
Halford (2001). Still, these methods may modify the appearance of urothelial cells, 
particularly their nuclei. For further details on sample processing, see Chapter 44. The use 
of phase microscopy (de Voogt et al, 1975) and of supravital stains (Sternheimer, 1975) in 
the assessment of urine cytology has been suggested. Neither method received wide 
acceptance. 

Catheterized Urine 

The specimens are collected via a catheter and processed as described above for voided urine. 

Direct Sampling Techniques 
Bladder Washings or Barbotage 

This procedure may be used to obtain cellular specimens of well-preserved epithelium 
from patients at high risk for development of new or recurrent bladder tumors. It is the 

specimen of choice for DNA ploidy analysis of the urinary epithelium, discussed in Chapters 
23 and 47. The bladder should first be emptied by catheter. Bladder barbotage is then best 
performed during or prior to cystoscopy by instilling and recovering 3 to 4 times 50 to 100 ml 
of normal saline or Ringer's solution. The procedure can also be performed through a catheter 
but it is uncomfortable, particularly for male patients, and the results are less satisfactory. 



Retrograde Catheterization of Ureters or Renal Pelves 

This procedure is used to establish the nature of a space-occupying lesion of ureter or 
renal pelvis, observed by radiologic techniques. The most common application of the procedure 
is in the differential diagnosis between a stone, a blood clot, or a tumor. Other rare, 
space-occupying lesions of the renal pelves are inflammatory masses, angiomas, 
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and congenital aberrations of the vascular bed. In the ureter, there may be lesions caused 
by a tumor, a stricture, or extraneous pressure. 



TABLE 22-2 PRINCIPAL ADVANTAGES AND DISADVANTAGES OF VARIOUS 
CYTOLOGIC METHODS OF INVESTIGATION OF THE LOWER URINARY TRACT 



Method Advantages Disadvantages Remarks 



Voided urine Efficient method for diagnosis 
of high grade tumors 
(including carcinoma in situ) of 
bladder, ureters, and renal 
pelves. Unique method for the 
diagnosis of human 
polyomavirus infection. The 



The findings 
are not 
consistent, 
and three or 
more 

specimens 
should be 



All methods fail 
in consistent 
identification of 
low-grade 
tumors. For 
exceptions, 
see text. 



1284/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, SIB EcFhe Lower Urinary Tract in the Absence of Cancer 





method is of value in 


examined for 






monitoring patients with locally 


optimal 






treated tumors and patients with 


results. 






renal transplants. Examination 


Sources of 






can be repeated without 


error must be 






harming the patient. 


known. 




Catheterized 


Same as voided urine. Less 


Same as 




urine 


contamination with cells of 
female genital tract. 


voided urine. 




Bladder 


Same as voided urine, but 


The method is 


Fragments of 


washings 


results confined to bladder. The 


poorly 


low-grade 




diagnosis of high-grade tumors 


tolerated by 


tumors may 




is sometimes easier. Ideal 


ambulatory 


sometimes be 




medium for DNA 


patients, 


recognized, but 




measurements. 


particularly 


beware of 






males. 


errors. See 






Optimal 


text. Useful to 






results may 


confirm occult 






require 


carcinoma or 






cystoscopy. 


CIS in bladder 
when cancer 
cells are found 
in voided urine. 


Retrograde 


Occasionally useful in the 


A major 




brushing 


identification and localization of 


source of 






high grade tumors of ureters 


diagnostic 






and renal pelves. 


errors (see 
below and 
Chap. 23). 

The value of 
the procedure 
in the 
differential 
diagnosis of 
space- 
occupying 
lesions of 
ureters or 
renal pelves is 
very low. 




Drip urine 


Efficient method of localization 


A time- 


Separate 


collected 


of high grade tumors of ureters 


consuming 


catheters must 


from ureters 


and renal pelves. 


procedure. 


be used for 
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each side to 
avoid 

contamination. 


Ileal bladder Efficient in the diagnosis of 


Same as 


A mandatory 


urine metachronous high grade 


voided urine. 


follow-up 


tumors of ureters and renal 


Knowledge of 


procedure after 


pelves after cystectomy for 


cytologic 


cystectomy for 


bladder cancer. Occasional 


presentation is 


bladder cancer. 


primary lesions of ileal conduit 
may be observed. 


essential. 





Modified from: Koss LG. Diagnostic Cytology of Urinary Tract. Philadelphia, Lippincott- 
Raven, 1996. 



Another important application of this technique is the localization of an occult malignant 
tumor diagnosed in voided urine sediment but not found in the bladder. The purpose is 
to determine whether the tumor can be localized in the left or right kidney or ureter. For urine 
collection, separate catheters must be used for each side to avoid cross-contamination. 

The best results are obtained by inserting the catheter to a depth of 3 to 4 cm into the 
ureters and by placing the other tip of the catheter in a container with fixative. From 10 
to 30 minutes may be needed to collect 5 to 10 ml of urine necessary for diagnosis. Although 
the procedure may be tedious to the patient, it is quite efficient in localizing the lesion. 
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The Direct Brushing Procedure 

This procedure is used in the investigation of space-occupying lesions in the ureters or 
renal pelves. Brushing is performed through a ureteral catheter. The indications are the same 
as listed for retrograde catheterization. 

Processing of Direct Samples 

Bladder washings or barbotage specimens may be processed in a manner similar to voided 
urine, discussed above. Retrograde catheterization specimens, if liquid, are processed in a 
similar manner. Direct brush specimens are usually prepared in the cystoscopy suite by the 
urologist and submitted as smears. For optimal preservation, the smears should be 
immediately fixed in 50% ethanol for at least 10 minutes. Alternatively, the brushes can be 
placed in a 50% alcohol fixative and forwarded to the laboratory for further processing. See 
Chapter 44 for further comments on processing of this material. 

Cellular Components of the Urinary Sediment 

An understanding of the complexities of the normal cell population of the urinary 
sediment under various clinical circumstances is an important first step for proper 
diagnostic utilization of cytology of the urinary tract. Methods of sample collection and 
processing have a major impact on the interpretation of the cytologic images. As 
always, information on clinical circumstances and clinical procedures leading to the 
collection of the cytologic samples may prevent major errors of interpretation, particularly in 
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low-grade urothelial tumors. 




Figure 22-7 Umbrella cells and their variants. A. Umbrella cells from a bladder washing. 
Mononucleated and binucleated cells are seen side by side. Note that the nuclei of the 
binucleated cells are smaller than those of mononucleated cells. Also note one sharply 
demarcated rigid surface of these cells, corresponding to the asymmetric membrane. B. 
Two umbrella cells of different size, one with two nuclei of unequal size. C. A 
multinucleated umbrella cell with very small nuclei. D. Avery large multinucleated umbrella 
cell with small nuclei. 



The urinary sediment contains: 

■ Cells derived from the urothelium and its variants 

■ Cells derived from renal tubules 

■ Cells derived from adjacent organs 

■ Cells extraneous to the urinary tract, such as macrophages and blood cells 
Normal Urothelial Cells 

Normal urothelial cells have several features that set them apart from other epithelial cells. The 
cells vary greatly in size: the superficial umbrella cells are often very large and may contain 
multiple nuclei, whereas epithelial cells from the deeper layers of the urothelium are much 
smaller and usually have a single nucleus. Another important general feature of urothelial cells 
is their tendency to desquamate in large, complex clusters, particularly after 
instrumentation. 
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It must be stressed, once again, that the appearance of the sediment varies according to 
the method of collection. 

Superficial Umbrella Cells 
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The size of the umbrella cells is variable and depends to some extent on the number of 
nuclei. The average mononucleated umbrella cells measure from 20 to 30 pm in diameter 
and, hence, are much larger than the cells from deeper epithelial layers (see below). 

Multinucleated umbrella cells may be substantially larger (Fig. 22-7). These cells are usually 
flat and polygonal and usually have one sharply demarcated, and sometimes angulated, 
surface. The abundant cytoplasm is thin and transparent, sometimes faintly 
vacuolated, and may contain fat (Masin and Masin, 1976) or mucus-containing vacuoles 
(Dorfman and Monis, 1964). Sometimes, the nature of the vacuoles cannot be ascertained (Fig. 

22-8A). 

The nuclei also vary in size. In mononucleated cells, the spherical or oval nuclei may 
measure from 8 to 20 pm in diameter, depending on the size of the cell. The large nuclei 
reflect a tendency of urothelial cells to form tetraploid or even octaploid nuclei (Levi et al, 

1969; Farsund, 1974). This tendency to polyploidy appears to be part and parcel of the pattern 
of normal urothelial differentiation but its mechanism is unknown. These features of normal 
umbrella cells are important in DNA measurements (Wojcik et al, 2000). In well-preserved 
umbrella cells, the nuclei are faintly granular but may contain prominent basophilic 
chromocenters that should not be confused with large nucleoli. Using some of the newer 
methods of semiautomated processing the chromocenters may be eosinophilic, 
accounting for additional difficulties in the interpretation of the samples (Fig. 22-8B). In some 
samples processed by commercial methods, we have observed peculiar condensation 
of nuclear chromatin, mimicking mitotic figures (Fig. 22-8C). 




C • D 



Figure 22-8 Variants of superficial urothelial cells. A Urothelial cell with multiple small 
cytoplasmic vacuoles and nuclear modification of unknown significance. B. An umbrella cell 
with an exceptionally large nucleus containing multiple eosinophilic chromocenters that 
should not be mistaken for nucleoli. C. High magnification of urothelial cells with peculiar 
condensation of chromatin, which in the larger cell mimics a mitotic figure, probably a 
processing artifact (ThinPrep). D. Multinucleated umbrella cells with pyknotic, degenerated 
nuclei. 
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Multinuclated umbrella cells also vary in size. Most cells are binucleated and contain either 
nuclei of normal size and configuration or smaller. Other cells have multiple nuclei of variable 
sizes (see Fig. 22-7C). Large and small nuclei often occur side by side within the same cell. 

Still other umbrella cells may contain 10 or more small nuclei and appear as multinucleated 
giant cells (see Fig. 22-8C.D). Umbrella cells derived directly from the ureters are often much 
larger with many more nuclei than in cells derived from the bladder. Occasionally, the nuclei in 
the large superficial cells are clumped and degenerated and may be mistaken 
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for nuclei of cancer cells, an important source of diagnostic error (see Fig. 22-8D). 

Cells from the Deeper Layers of the Urothelium 

Urothelial cells originating in the deeper layers of the urothelium, are rarely seen in voided 
urine, but are common in specimens obtained by or collected after instrumentation. These cells 
are much smaller than umbrella cells and are comparable in size to small parabasal 
cervical squamous cells and unlike the superficial cells, show little variation in size. When 
fresh and well preserved, these cells have sharply demarcated transparent cytoplasm that 
is often elongated and whip-shaped when the cells are removed by instruments. The 
cytoplasm is stretched at points of desmosomal attachments to neighboring cells, a 
phenomenon also observed in metaplastic cervical cells (see Chap. 8). The finely granular 
nuclei may contain single chromocenters, mimicking nucleoli (Fig. 22-9AB). 

Occasionally, the nuclei may be pyknotic, particularly in brushings (Fig. 22-9C). Similar 
cells in voided urine may have pale, transparent nuclei. Occasionally, mitotic figures 
may be noted, particularly in urinary sediment obtained after a diagnostic or therapeutic 
surgical procedure (Fig. 22-9D). 




# 



C * • D 

Figure 22-9 Cells from deeper layers of the urothelium. A. Specimen obtained by 
lavage of the bladder showing a large cluster of urothelial cells from deeper epithelial 
layers. Note that the cytoplasm of many of these cells is elongated because of 
desmosomal adherence. Peripheral to the cluster of small cells are several larger umbrella 
cells. B. Small urothelial cells from deeper layers in a bladder barbotage specimen. Note 
the faintly granular nuclei and abundance of peripheral cytoplasm. C. Small urothelial cells 
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from deep epithelial layers in a specimen of retrograde brushings of the ureter. D. Small 
urothelial cells showing mitotic activity (arrow). This specimen was obtained 3 days after 
transurethral resection of the prostate. 



Clusters of Urothelial Cells 

Avery important feature of normal urothelium is its propensity to desquamate in 
fragments or clusters that are sometimes very complex. Although this feature is 
markedly enhanced in urine samples obtained by bladder catheterization, lavage, or 
any type of instrumentation, urothelial cell clusters may also occur in spontaneously 
voided urine. It appears that even abdominal palpation, the slightest trauma, or 
inflammatory injury to the bladder may enhance the shedding of clusters. The clusters 
may be small and flat, composed of only a relatively few clearly benign cells (Fig. 22- 

IOA) , or much larger and composed of several hundred superimposed cells. The clusters 
may round up and appear to be spherical, oval, or “papillary” in configuration (Fig. 22- 

IOB) . Occasionally, they are more complex (Fig. 22-1 OC) and sometimes distorted during 
smear preparation. The distortion 
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may be increased if frosted slides are used. The periphery of such clusters should be carefully 
examined under high magnification of the microscope. On close inspection, the edge of the 
clusters is sharply demarcated, and the normal component cells of the urothelium may 
be readily observed (Fig. 22-1 OD). It must be noted that in urine sediment prepared by the 
ThinPrep method, nuclear chromocenters sometimes stain pink or red and thus may be 
considered to be “atypical” or even malignant. It is paramount in urinary cytology to avoid 
making the diagnosis of a papillary tumor based on the presence of clusters. For further 
discussion of cytology of bladder tumors, see Chapter 23. 




Figure 22-10 Clusters of benign urothelial cells. A Acluster of approximately papillary 
configuration composed of small epithelial cells from the deeper epithelial layers. B. A 
cluster of large urothelial cells with umbrella cells at the periphery (high power). Note the 
spherical “papillary” structure of the cluster, a formation caused by contraction of 
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muscularis mucosae, which may be seen as an eosinophilic structure in the center of that 
cluster (arrow). C. A large cluster of superficial and deep urothelial cells seen in a 
retrograde catheterization specimen. D. A large cluster of large and small urothelial cells in 
a lavage specimen of left kidney. 



Cytologic Expressions of Epithelial Variants 

It has been pointed out above that several epithelial variants may occur in bladder epithelium. 
Intestinal-type epithelium may be the source of columnar, sometimes mucus- 
producing cells that are found in bladder washings and catheterized specimens but are 
uncommon in voided urine (Fig. 22-11 A). These cells have a generally clear cytoplasm and 
spherical, finely granular small nuclei. Harris et al (1971) first described ciliated columnar 
cells in bladder washings (Fig. 22-1 IB). 

There are no specific cytologic findings corresponding to Brunn's nests and cystitis 
cystica. Dabbs (1992) published his observations in renal pelvic washings in a case of pyelitis 
cystica but the findings, as illustrated, showed only clusters of normal urothelial cells. 

Squamous epithelium sheds squamous cells of various degrees of maturity (Fig. 22-1 1C). 

The finding is exceedingly common and normal in adult women but is somewhat less 
frequent in men. In women, the urinary sediment may be used to assess their hormonal status 
(“urocytogram”), as discussed in Chapter 9. In both sexes, the harmless squamous 
epithelium may become fully keratinized (leukoplakia), presumably as a consequence of 
chronic irritation. The cytologic findings and significance of leukoplakia of the bladder are 
discussed below. 

Renal Tubular Cells 

Renal tubules are lined by a single layer of epithelial cells that vary somewhat in 
configuration according to the segment of the tubule. Of special interest in urine cytology is the 
terminal part of the tubular apparatus or the collecting 
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ducts, lined by a single layer of cuboidal to columnar epithelial cells with clear cytoplasm and 
small spherical nuclei. These cells may be observed in the urinary sediment under various 
circumstances. 
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Figure 22-11 Variants of urothelial cells. A Columnar urothelial cells in a bladder 
lavage. B. Small columnar cell with ciliated surface. C. Intermediate squamous cells. D. 
Renal tubular cells surrounding an umbrella cell. Note the small size, pyknotic nuclei, and 
granular cytoplasm of the tubular cells (arrows). Also present in this same field are a few 
granular casts ( arrowheads ). 



Renal tubular cells may be numerous whenever there is some insult to the renal 
parenchyma, for example, after an intravenous pyelogram. They may be found after an 
episode of hematuria or hemoglobinuria. The small cells are poorly preserved, cuboidal 
or columnar in shape, and are characterized by small pyknotic nuclei and granular 
cytoplasm (Fig. 22-11 D). The presence of numerous, well-preserved tubular cells is of 
importance in monitoring renal transplant patients (see below). The renal tubular cells have 
phagocytic properties and may store the dyes used in intravenous pyelography, which are 
visualized as a yellow pigment in the cytoplasm. Khalil et al (1999) described large, 
vacuolated renal tubular cells with some similarity to macrophages, in the voided urine 
sediment of a patient with a rare disorder, osmotic nephrosis. The patient was treated with 
intravenous immunoglobulins stored in the cytoplasm. The identity of the cells was confirmed by 
immunochemistry and electron microscopy. The presence of renal tubular cells in the 
urinary sediment must be correlated with clinical circumstances and does not 
necessarily indicate the presence of a renal disorder. 

Renal Casts 

Accumulation of various proteins, erythrocytes, leukocytes, necrotic cells, and cellular debris 
molded into longitudinal cylindrical structures are known as renal casts. It is often 
assumed that the presence of casts indicates a severe renal disorder. However, carefully 
collected and fixed urinary sediment samples often reveal renal casts in the absence of 
disease. 

In voided urine specimens collected in a 2% polyethylene glycol (Carbowax) solution in 70% 
ethanol (Bales, 1981; see Chap. 44), renal tubular cells and casts are well preserved and 
observed with unexpected frequency, even in patients without overt evidence of renal 
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pathology. 

The renal tubular casts are either hyaline or granular. The hyaline casts are composed of 
homogeneous eosinophilic protein material, sometimes with a few renal tubular cells 
attached at the periphery (Fig. 22-1 2A). The granular casts are composed of cell debris 
mixed with degenerating renal tubular cells with granular cytoplasm (Fig. 22-1 2B; see also 
Fig. 22-1 ID). Such casts are very common in renal transplant patients during episodes of 
rejection (see below) but may also be observed after urography during the period of elimination 
of the dye (Fischer et al, 1982). The presence of casts must be correlated with clinical data as 
it may indicate the presence of a renal parenchymal disorder. 
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Figure 22-12 Renal casts. A Hyaline cast. B. Tubular, granular cast (compare with Fig. 
22-1 ID). 



Cells Originating in Adjacent Organs 

Cells from the Prostate, Seminal Vesicles, and Testis 

These cells may be observed in the sediment of voided urine after a vigorous prostatic 
palpation or massage. The dominant component of such specimens are usually 
spermatozoa and their precursor cells, including spermatogonia, characterized by larger dark 
nuclei. The normal prostatic glandular cells are difficult to recognize as they are small and 
have few distinguishing characteristics. By far, the most important cells in such sediments are 
cells derived from seminal vesicles, which are large and may have large, irregular, 
hyperchromatic but homogeneous nuclei, mimicking cancer cells. They are almost 
invariably degenerated when expelled and are recognized by the presence of yellow 
cytoplasmic lipochrome granular pigment. For further description of these cells in health 
and disease, see Chapter 33. 

Cells From the Female Genital Tract 

The urinary stream may pick up cells from the vagina and the vulva. The most common are 

normal squamous cells (see above), but abnormal cells reflecting neoplastic processes 
in the female genital tract may also occur (see Chap. 23). 

Other Cells 



1293/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, SIB EcFhe Lower Urinary Tract in the Absence of Cancer 

Blood Cells 

Besides the urothelial and squamous cells, the normal urinary sediment may contain a few 
leukocytes. It is generally assumed that normal urinary sediment does not contain any red 
blood cells. Yet Freni (1977), using a careful collection technique, documented that a few 
erythrocytes may be observed in virtually all healthy adults. In 8.8% of this healthy 
population, there were 10 erythrocytes per single, high-power field. These observations were 
important because the presence of microscopic blood in urine has been suggested as a means 
of detecting bladder tumors. 

Microhematuria 

Microhematuria is by definition, the presence of erythrocytes in urine. Because normal people 
may show up to 10 erythrocytes per high-power field, the diagnosis should not be rendered 
unless the number of erythrocytes is higher. Cohen and Brown (2003) proposed a much lower 
threshold for the diagnosis of microhematuria, namely two erythrocytes per high-power field or 
a positive dipstick evaluation for hemoglobin. Microhematuria in asymptomatic persons has 
been the subject of several studies. Unfortunately, the populations studied were different and 
therefore no simple conclusion can be drawn. In an earlier study by Greene et al (1956), 500 
Mayo Clinic patients with microhematuria were investigated and 11 of them were found to have 
cancer (7 of bladder and 2 of kidney). Most other patients had trivial and incidental disorders. In 
a study by Carson et al (1979) of 200 Mayo Clinic patients referred for a urologic workup, 22 
(1 1 %) had a tumor of the bladder and 2 had carcinoma of the prostate. It is of note in the 
Carson study, that synchronous cytologic examination of urine was positive in 9 
patients with occult carcinoma in situ and negative in 5 patients with low-grade 
papillary tumors (see Chap. 23). On the other hand, in a study of 1,000 asymptomatic male 
Air Force personnel, Froom et al (1984) found microhematuria in 38.7%. In only one subject, 
a “transitional cell carcinoma,” not further specified, was observed. In a randomized 1986 study, 

Mohr et al observed microhematuria in 13% of asymptomatic adult men and women, with 
neoplasms of the bladder in 0.1 % and of the kidney in 0.4% of the population studied. Bard 
(1988) observed no significant disease in 177 women with microhematuria, followed for more 
than 10 years. 

The initial views on the significance of microhematuria suggested an aggressive investigation 
of all patients with this disorder. More recent opinions, notably by Mohr et al, Messing et al 
(1987), Bard (1988), and Grossfeld et al (2001) suggest that a conservative follow-up of 
most asymptomatic patients is appropriate, with cystoscopic work-up reserved for the 
patients with persisting significant hematuria or other evidence or suspicion of an important 
urologic disorder. Carson's study suggests that a cytologic follow-up may be helpful in some 
patients. Similar guidelines were more recently proposed by the American Urological 
Association (Grossfeld et al, 2001). 

As Messing et al (1987) noted, microhematuria is a sporadic 
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event that may occur intermittently and may not occur at all in patients with significant disease. 
Therefore, it seems quite unlikely that microhematuria may be used as a screening test for 
bladder tumors. 

Renal versus Nonrenal Origin of Erythrocytes 

The issue of differentiation of microhematuria caused by parenchymal renal disease, such as 
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glomerulonephritis, versus microhematuria of other origin is controversial. Rathert and Roth 
(1991) suggested that a microscopic examination of either very fresh or rapidly fixed voided 
urine sediment does allow the separation of the two cell types. In phase microscopy, 
erythrocytes of renal origin were characterized by a dense periphery in the form of a double 
ring, and an “empty” center. Another manifestation of renal hematuria may be partial 
breakdown of erythrocytes with the appearance of small, irregular, oddly shaped cells. 

Other extrarenal erythrocytes acquire features akin to poikilocytosis, with the periphery of the 
erythrocytes covered with spike-like excrescences or spherical protrusions. 

Mohammed et al (1993) and Van der Snoek et al (1994) (among others) suggested that the 
presence of “dysmorphic” erythrocytes, that is erythrocytes with abnormalities of shapes, 
was suggestive of a renal parenchymal disorder, whereas “isomorphic erythrocytes (i.e., red 
blood cells of normal shape) were representative of nonrenal origin of hematuria. Mohammed, 
using phase microscopy, indicated that the cut-off point of 20% of dysmorphic erythrocytes had 
a sensitivity of 90% and specificity of 100%. Van der Snoek used a cut-off point of 40%, 
achieving a sensitivity of 66.7%. The specificity of these observations was debated, among 
others, by Pollock et al (1989), Favaro et al (1997), Zaman and Proesmans (2000). Most 
recently, Nguyen (2003) examined the urinary sediments in 174 patients with various forms of 
glomerular disease and observed doughnut-shaped, target- or bleb-forming erythrocytes 
(collectively named G1 or GIDE cells) in a substantial proportion of cases. Nguyen proposed 
that the presence of GIDE cells above 10% of the erythrocyte population was a “specific 
diagnostic marker for glomerular disease.” Unfortunately, the study did not include control 
patients with other possible causes of microhematuria and, thus, its specificity must still be 
proved. 

Eosinophiluria 

The presence of bilobate eosinophils in urine may be an indication of a drug-induced or 
spontaneous eosinophilic cystitis (see below). Nolan et al (1986) suggested the use of 
Hansel's stain (methylene blue and eosin-Y in methanol) to facilitate the recognition of 
eosinophils. 

Acellular Components 
Crystals 

Urate crystals are commonly seen in poorly fixed urine specimens. The precipitation of urates 
occurs with a change in the pH of the urine, usually occurring after collection. The crystals are 
usually semi-transparent, of odd shapes, and have no diagnostic significance, except 
that they may completely obscure cells present in the specimen. Triple phosphate crystals are 
transparent, often rectangular. The star-like uric acid crystals derived from stones, are rarely 
seen. From time to time, other crystals may be observed, such as the needle-like crystals of 
tyrosine or hexagonal crystals of cystine. Certain drugs, notably sulfonamides, may also 
form crystals of specific configuration. The reader is referred to Naib's book (1985) for a 
detailed description of uncommon crystals observed in the urinary sediment. 

Renal casts were discussed above. 

Contaminants 

Urinary samples may sometimes contain surgical powder in the form of crystalline 
precipitates. Cotton threads may also occur. Occasionally, the brown, septated fungus of the 
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species Alternaria, a contaminant from the water supply, may be observed. For a description 
and illustrations of this fungus, see Chapter 19. 

COMPOSITION OF NORMAL SEDIMENT OF URINE SAMPLES ACCORDING TO 
THE MODE OF COLLECTION 

Voided Urine 

In normal, spontaneously voided urine, the background is clean, with only an occasional 
erythrocyte or leukocyte. (Table 22-3)There are usually few urothelial cells, occurring singly 
and in small clusters. An occasional large umbrella cell may be noted but most urothelial cells 
are small. The nuclear structure of these cells is rarely well preserved and most nuclei 
appear spherical, pale and bland, although an occasional pyknotic or apoptotic nucleus 
may be noted. 

Squamous cells, usually of superficial type, are commonly present and are usually more 
numerous in females than in males. In males, the squamous cells are of urethral origin. In 
the female, some of the cells represent vaginal contamination and some are derived from 
the vaginaltype epithelium in the area of the trigone commonly observed in normal 
women (see above). The value of urinary sediment in estimating the hormonal status of the 
woman (urocytograms) is discussed in Chapter 9. 

In newborn children, regardless of sex, the urinary sediment may contain a fairly large 
proportion of mature squamous cells, reflecting the effect of maternal hormones. 

Catheterized Bladder Urine 

Because catheters can damage the epithelium, catheterized bladder urine is usually much 
richer in urothelial cells than voided urine. The single cells, which may vary 
enormously in size and configuration, reflect the entire spectrum of urothelial cells ranging 
from the large umbrella to smaller cells from the deeper layers of the urothelium. Variants of the 
urothelium, particularly columnar cells are commonly present. Of special significance are 
clusters of urothelial cells that may be “papillary” or complex, as shown in Figure 22-10, in 
the absence of tumors. 
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TABLE 22-3 PRINCIPAL CYTOLOGIC FEATURES OF URINARY SEDIMENT ACCORDING TO 

METHODS OF COLLECTION 





Voided 

Urine 


Catheterized 

Urine 


Bladder 

Washings 


Retrograde 

Catheterization 


Brushings 


Urothelial 


sparse, 


more 


broad 


as in bladder 


numerous 


cells 


poorly 


numerous, 


variety 


washings: 


umbrella 




preserved 


sometimes 
in clusters 


of 

urothelial 
cells, 
singly 
and in 


complex 
clusters and 

* 

umbrella cells 


cells and 

complex 

* 

clusters 
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clusters 



Squamous 

cells 


common 
in adults 
and 

newborns 
of both 
sexes 


rare 


rare 


absent 


absent 


Renal tubular 
cells and 
casts 


common 


rare 


absent 


absent 


absent 


Contaminants 


common 


rare 


absent 


absent 


absent 



Important source of diagnostic error. 



Bladder Washings (Barbotage) 

These specimens offer an excellent panorama of the component cells of the 
urothelium, as discussed above. Abroad variety of superficial umbrella cells and deeper 
urothelial cells and their variants may be seen. Cell clusters of various configurations are 
common and may be numerous. 

Retrograde Ureteral Catheterization 

Retrograde catheterization requires threading a small catheter through the narrow lumens 
of the ureters. Inevitably, the tip of the catheter dislodges urothelial cells from their setting, 
resulting in specimens characterized by a large number of cell clusters next to single 
urothelial cells of a large variety of types. It has been mentioned above that umbrella cells 
with a very large number of nuclei are particularly common in such specimens. 

The cell clusters may be numerous and sometimes several dozen of them may be observed 
in a single specimen. The multilayered, complex configuration of some of the clusters 
and their role as a source of false -positive reports has been stressed above. An 

example of such an error seen by us in consultation is shown in Figure 22-13. In this case, the 
clusters were misinterpreted as a “papillary tumor” and the diagnosis was followed by a 
nephroureterectomy 4 days later. There was no evidence of a tumor. In the histologic sections 
of the ureter, the origin of the clusters could be traced to the large segments of the denuded 
urothelium scraped by the tip of the catheter. On review of the cytologic sample, the component 
cells of normal urothelium could be readily observed. 

Brushings of Ureters and Renal Pelves 

The samples, when prepared as direct smears by the urologist, are often of limited 
diagnostic value because of drying artifacts. The interpretation of numerous, thick clusters 
of urothelial cells is very difficult. We have seen several cases wherein the clusters were 
mistaken for evidence of a papillary tumor (see Fig. 22-13). Otherwise, the cytologic findings 
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are very similar to those described for retrograde catheterization. 

It is a safe rule in diagnostic cytology of the urinary tract that in the absence of clear- 
cut criteria of cancer, such as a markedly altered nucleocytoplasmic ratio and changed 
nuclear configuration and texture (described in detail in Chapter 23), one should not 
attempt the diagnosis of a malignant tumor. This is particularly important with specimens 
obtained by brushing, retrograde ureteral catheterization or immediately thereafter, after 
instrumentation such as cystoscopy, or in bladder washings obtained under cystoscopic control. 

It is essential to be familiar with the enormous morphologic variability of the normal urothelial 
cells, which may exhibit chromocenters mimicking large nucleoli. 

INFLAMMATORY PROCESSES WITHIN THE LOWER URINARY TRACT 

Bacterial Infections 

Bacterial infections involving the lower urinary tract may be primary or secondary, acute or 
chronic. The most common are cystitis and pyelonephritis, which are usually caused by a 
bacterial infection. Both disorders may cause high fever and severe pain in the lower 
abdomen, radiating to the groin. The histologic changes may include ulceration of the 
epithelium and infiltration of the wall of the organ by granulocytes in the acute phase and 
lymphocytes in the chronic phase. Avariety of pyogenic bacteria, especially cocci but also 
Escherichia coli and Pseudomonas aeruginosa (Bacillus pyocyaneus), may be the 
predominant organisms. Wu et al (1996) documented that adhesion of E. co/i to the urothelial 
surface is mediated by uroplakins. 

In most cases, the bacterial infections are acute but may become chronic. Of special 
significance are infections with gram-negative organisms occurring in debilitated 
patients who may develop septicemia, followed by irreversible 
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shock leading to death. Occasionally, the offending organism may be observed in the urinary 
sediment and classified as bacillary or coccoid, but its exact identification must depend on 
bacteriologic data. 




Figure 22-13 Benign urothelial cells in retrograde urine brushings, mistaken for 
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cells of a papillary tumor. A-C. All three fields show large clusters of benign urothelial 
cells (A is overview). D. Surface of the ureter removed 3 days after the diagnosis of a 
“papillary tumor.” The surface of the ureter was denuded by the brush. 



Contributory Factors 

Obstructive processes, such as strictures, compression, calculi, diverticula, or prostatic 
enlargement that interfere with the free flow of urine, are common factors contributing to 
infection. Cancers, intrinsic or extrinsic to the lower urinary tract, may also create a 
favorable terrain for infection or may produce obstruction with the same effect. In women, 
infections of the lower genital tract may spread to the urethra and bladder. Therapeutic 
procedures, such as in-dwelling catheters, particularly with inadequate toilette, may 
lead to severe infections, including the feared gram-negative septicemia. 

Some of the long-standing infectious processes are secondary to generalized infections. For 
instance, tuberculosis of the bladder is usually secondary to pulmonary and renal 
tuberculosis. Still, changes mimicking tuberculosis can be induced by treatment with 
Bacillus Calmette-Guerin (BCG), as described below. 

Cytology 

The background of the urinary sediment in acute inflammation shows red blood cells and 
purulent material. The latter shows necrotic debris and numerous polymorphonuclear 
leukocytes or, in more chronic forms of infection, numerous lymphocytes. The epithelial 
cells, singly and in clusters, typically are increased in number in the urine but the cells are often 
concealed by a heavy inflammatory exudate. Degeneration and necrosis are the 
characteristic cellular changes in epithelial cells (Fig. 22-14AB). The degenerated cells 
are of variable size and configuration and are often enlarged because of markedly vacuolated 
cytoplasm that may be infiltrated with polymorphonuclear leukocytes (Fig. 22-14C). Of special 
diagnostic interest are the nuclei of the urothelial cells. They may be of somewhat variable 
sizes and of irregular outline, but usually show an opaque or clear, transparent center 
surrounded by a rim of chromatin. This is an important point of differential diagnosis 
between inflammatory atypias and urothelial cancer. In the latter, the nuclear texture is 
quite different (see Chap. 23). Occasionally, the nuclei of urothelial cells may show 
chromatin condensation (pyknosis) and apoptosis, that is, fragments of chromatin 
contained within the nuclear membrane. Contrary to cancer cells, the nucleocytoplasmic ratio 
in such cells is usually normal. 

Other Cells Seen in Inflammation 

Macrophages may make their appearance in the urine in varying numbers, indicating a more 
chronic inflammatory 
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process. They include mononucleated or multinucleated varieties, with faintly stippled 
spherical or kidney-shaped (remiform) nuclei, and characteristic faintly vacuolated 
basophilic cytoplasm, often showing evidence of phagocytosis. They may be confused 
with vacuolated urothelial cells. Occasionally, plasma cells may be noted. In eosinophilic 
cystitis (see below), eosinophils may appear in the urinary sediment. 
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Figure 22-14 Urine sediment in inflammation. A A low-power view of urine sediment 
containing numerous leukocytes. B. Poorly preserved urothelial cells surrounded by 
leukocytes and macrophages. Note the presence of nucleoli, possibly indicating a “repair” 
reaction. C. A cluster of urothelial cells with the cytoplasm infiltrated by polymorphonuclear 
leukocytes. D. Poorly preserved urothelial cells in the presence of an inflammatory 
exudate. 



Specific Forms of Inflammation 
Granulomatous Inflammation 
Tuberculosis 

Kapila and Verma (1984) described the presence of commashaped epithelioid cells in the 
urinary sediment of a patient with tuberculosis of the bladder. The slender, carrot-shaped cells 
forming a tubercle are characteristic, if present. Piscioli et al (1985) described the cytologic 
findings in the urinary sediment of 11 patients with tuberculosis. In 5 of them, he reported 
finding epithelioid cells, although the illustration provided was not convincing. In all 11 patients, 
multinucleated cells of Langerhans' type were observed. In my experience, this type of 
giant cell is extremely rare in urinary sediment and its presence has yet to be proven to be of 
diagnostic value. Piscioli et al also described in 2 patients the presence of markedly atypical 
urothelial cells resembling cancer cells, which they traced to atypical hyperplastic urothelium 
that was similar to flat carcinoma in situ. 

Granulomas after Bladder Surgery 

Spagnolo et al (1986) described the presence of granulomas in the bladder walls of patients 
with two or more surgical procedures for bladder tumors. There were two types of 
granulomas; one type with necrosis and palisading of peripheral cells resembling 
rheumatoid nodules, and the other type was composed of foreign body giant cells. There 
is no known cytologic presentation of these granulomas and the entity is cited as a potential 
source of confusion with tuberculosis. 
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Inflammatory Pseudopolyp 

A chronic inflammatory process in the bladder may result in a protrusion of bladder 
epithelium around an inflamed stroma, mimicking a neoplastic lesion on cystoscopy. 

Similar lesions were recently described in renal pelvis (Leroy et al, 2000). The urothelial cells in 
the urinary sediment show minor changes consistent with inflammation. 
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Interstitial Cystitis (Hunner's Ulcer) 

This is a rare form of chronic ulcerative cystitis of unknown cause, first described by Hunner 
(1915) and extensively discussed by Smith and Denner (1972) and by Sant (1997). In an 
elaborate discussion, Elbadawi (1997) reported that ultrastructural studies of artificially 
distended bladders supported the hypothesis that altered nerve supply in the wall of the 
bladder may be the cause of this disorder. The disease causes painful cramping and high 
frequency of voiding. We studied the urinary sediment in several patients with this disorder, but 
except for evidence of inflammation, found no specific cytologic abnormalities of note. 

Dodd and Tello (1998) confirmed the absence of specific cytologic changes in this disorder, 
noting only acute inflammation with polymorphonuclear leukocytes and eosinophiles. Utz and 
Zincke (1973) pointed out that nonpapillary carcinoma in situ may masquerade clinically 
as interstitial cystitis. The cytologic presentation of carcinoma in situ is discussed in Chapter 
23. 

Eosinophilic Cystitis 

Infiltration of the bladder wall with numerous eosinophils is most commonly observed after 
cautery treatment and may also occur in patients with asthma or other allergic disorders. 
Spontaneous forms of eosinophilic cystitis may also occur (Brown, 1960; Palubinskas, 
1960; Hellstrom et al, 1979). The disease may produce thickening of the wall of the bladder, 
mimicking an invasive carcinoma (Hansen and Kristensen, 1993) or cause obstruction of 
the urinary outlet (Case record of the Massachusetts General Hospital, case 27-1998). In all 
such cases, the urinary sediment may contain numerous bilobate eosinophils. For 
discussion of eosinophiluria, see above. Atrue eosinophilic granuloma (Langerhans' cell 
granulomatosis), with simultaneous proliferation of eosinophils and macrophages, may also 
occur (Koss, 1975). For discussion of the cytologic presentation of eosinophilic granuloma, see 
Chapter 31. 

Fungal Infections 

The most common fungus observed in the urinary sediment is Candida albicans. The 
organism is observed mainly as fungal spores (yeast form), but pseudohyphae may 
occasionally be observed (see Fig. 10-10). This infection is particularly serious in renal 
transplant recipients and other immunosuppressed patients. It may lead to generalized 
fungal infection and septicemia or, in a rare case, to obstruction of the ureters by a fungal ball. 
The presence of casts of Candida indicates upper urinary tract (renal) infection with an ominous 
prognosis. 

Other fungi are uncommon. Eickenberg et al (1975) pointed out that the urinary tract may be 
affected in patients with systemic North American blastomycosis and that the organism can 
be identified in urine (see Fig. 19-42). We have also observed Aspergillosis in the urinary 
sediment of a patient with AIDS (see Fig. 19-47). Mukunyadzi et al (2002) reported a case of 
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histoplasmosis diagnosed in urinary sediment. Aiternaria species, a brown, septated fungus, 
is a common contaminant (see above and Fig. 19-18A). 

Viral Infections 

Cytomegalovirus (Cytomegalic Inclusion Disease) 

This sometimes fatal, but fortunately uncommon, viral infection has been recognized in infants 
and children for many years. More recently, the frequency of cytolmegalovirus (CMV) has 
increased in adults as a consequence of the acquired immunodeficiency syndrome (AIDS) and 
immunosuppression, notably in recipients of bone marrow or renal transplants, and patients 
with various forms of cancer. This virus has been identified in patients with infectious 
mononucleosis and may survive in the seminal fluid, presumably in the spermatozoa 
(Lang et al, 1974). Sexual transmission of the virus to a young woman has been recorded 
in this case. Urinary sediment remains one of the methods of diagnosis of this serious disorder. 

As discussed at length in Chapter 19, this often deadly disease is due to a virus of the 
herpesvirus group. The conclusive diagnosis intra vitam is made by cytologic examination of 
gastric washings, sputum or other lung samples, or of the urinary sediment. Precise methods of 
diagnosis, based on molecular markers, are now available as well. The virus can also be 
demonstrated by in situ hybridization with appropriate probes. 

The identification of cytomegalovirus in the urinary sediment of infants and children, 
and now in high-risk adults, has been a recognized diagnostic procedure for many 
years. Urothelial cells may show all stages of infection. In the early stages, multiple, small, 
basophilic viral inclusions are distributed throughout the nucleus and the cytoplasm 
and are surrounded by individual halos. In more advanced, classic forms of the disease, 
the epithelial cells are markedly enlarged and carry within their nuclei very large, 
basophilic inclusions, surrounded by a conspicuous clear halo. The residual chromatin 
is condensed at the nuclear periphery (Fig. 22-1 5A). In the advanced stage of the disease, 
cytoplasmic inclusions are somewhat less frequent. Cellular inclusions of cytomegalovirus 
have been observed in the urinary sediment of renal transplant recipients (Bossen et al, 

1969; Johnston et al, 1969), in young patients with leukemia (Chang, 1970) and in 
immunosuppressed patients. 

The differential diagnosis of cytomegalovirus is with human polyomavirus, as 

discussed below. Cytomegalovirus infection is now treatable with antiviral agents. 

It is of particular interest that the incidental identification of cytomegalovirus in otherwise 
healthy adults does not carry with it the ominous prognosis of this disease as seen in 
infancy and early childhood or in immunoincompetent patients. Apparently, many of the patients 
are carriers of the virus without suffering any direct ill effect. 

Herpes Simplex Virus 

Herpetic infection of the urinary tract was a rarity in the past. The recognition of the typical 
multinucleated epithelial cells with molded, ground-glass nuclei and, on rare 
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occasions, of typical eosinophilic intranuclear inclusions has not posed any diagnostic 
dilemmas (Fig. 22-1 5B; also see Chaps. 10 and 19). This virus has been recognized in urinary 
sediment of recipients of renal allografts (Bossen and Johnston, 1975) and in a patient with 
squamous cancer of the urinary bladder (Murphy, 1976). Several such cases were 



1302/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, SIB EcFhe Lower Urinary Tract in the Absence of Cancer 
personally observed by us in patients with and without cancer. 




Figure 22-15 Viral manifestations in urinary sediment. A Cytomegalovirus. Note very 
large intranuclear inclusion with a small satellite inclusion surrounded by a large 
perinuclear halo. B. Urothelial cell with eosinophilic nuclear inclusions characteristic of 
herpesvirus. (B: Oil immersion.) 



Human Polyomavirus (Decoy Cells) 

Cytopathic changes induced by this virus in urothelial cells may be confused with 
cancer. This was first recognized in the 1950s, by the late Mr. Andrew Ricci, senior 
cytotechnologist at Memorial Hospital for Cancer in New York. He observed in the urinary 
sediment cells with large, homogeneous, hyperchromatic nuclei, mimicking cancer 
cells, but not associated with bladder cancer (Figs. 22-1 6A,B and 22-1 7A). Mr. Ricci named 
these cells decoy cells. The nature of the decoy cells remained unknown for many years. In 
the 1968 edition of this book, it was speculated that the change was due to an unidentified 
virus. This virus has been identified as human polyomavirus by Gardner et al (1971) and has 
been extensively studied by Coleman and her coworkers (1973, 1975, 1980, 1984). The virus 
belongs to the Papovaviridae family and is related to the human papillomavirus. 
Polyomaviruses have a somewhat smaller genome than the papillomaviruses and are 
somewhat differently organized (Frisque et al, 1984). Electron microscopy of nuclei 
containing polyomavirus inclusions shows many similarities to the human papillomavirus (HPV) 
infection (Fig. 22-18). Both viruses form crystalline arrays of viral particles. The 
polyomavirus particles are somewhat smaller than the papillomavirus particles. 

Two strains of the human polyomavirus, both named after the initials of the patients, have 
been identified: the JC strain, isolated from a patient with the previously rare disease, 
progressive multifocal leukoencephalopathy (Pagett et al, 1971), and the BK strain, 
isolated from a patient with a renal transplant (Gardner et al, 1971). The two strains differ 
from each other by the size of the virus particles and by serologic characteristics. It was thought 
for many years that the two viral types are limited to specific anatomic territories, that is, 
the JC virus to the brain and the BK virus to the urinary tract. This is no longer the 
case, as JC viruses have been documented in the urinary tract by polymerase chain 
reaction (PCR) (Itoh et al, 1998). 

It has been documented by serologic studies that the human infection with polyomaviruses 
is acquired in childhood and is nearly universal (Padgett and Walker, 1976). Thus, the 
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cytologic manifestations of this infection reflect a reactivation of, or a superinfection 
with, the virus, a sequence of events also proposed for the human papillomavirus (Koss, 

1989; see Chap. 11). There is, however, a major difference between these two viruses: the 
human papillomavirus is implicated in neoplastic events in the skin, female genital tract, 
larynx, the esophagus, and perhaps even the bronchus (see appropriate chapters), but there is 
no evidence that the polyomavirus is carcinogenic in humans, although it plays a role in 
tumor formation in experimental animals. 

The activation of polyomaviruses occurs in immunosuppressed individuals, patients 
receiving chemotherapy, such as cyclophosphamide (Cytoxan, see below), in diabetics, in 
organ transplant recipients (O'Reilly et al, 1981; Apperly et al, 1987), and in patients with 
AIDS (Filie et al, 2002). Most importantly, however, virus activation may occur without 
any obvious cause (Kahan et al, 1980; Minassian et al, 1994) and last for a few weeks or 
even months without any ill effects (Table 22-4). In such cases, shedding of the affected 
epithelial cells may be intermittent. 

The polyomavirus plays an important role in the previously very rare progressive multifocal 
encephalopathy, currently on the rise in AIDS patients. Viral inclusions occur in nuclei of 
oligodendrocytes (summary in Berger and Major, 1994). Houff et al (1988) documented that the 

JC type polyomavirus may proliferate in bone marrow cells and in mononuclear cells, 

which may carry the virus to the brain, causing this disease. 
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Figure 22-16 Human polyomavirus in urinary sediment. A. Numerous urothelial cells 
with large hyperchromatic homogeneous nuclear inclusions in a young person. B. A large 
multinucleated umbrella cell with each nucleus occupied by a large viral inclusion. C. Post- 
inclusion stage. The inclusions are very pale. D. Last stage of viral infection. The nucleus 
is filled with thin strands of chromatin within a thickened nuclear membrane. No viral 
particles are seen but the presence of the residual virus can be documented by 
immunochemistry. 



Perhaps the most significant new development in reference to human polyomavirus is its role in 
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interstitial nephritis in AIDS and in renal transplant patients (Rosen et al, 1983; Gardner et 
al, 1984; Drachenberg et al, 1999). It has been documented that activation of the BK virus is 
a cause of renal dysfunction in patients with AIDS (Nebuloni et al, 1999). The same virus 
causes severe renalallograft dysfunction that may result in graft rejection unless treated 
(Pappo et al, 1996; Drachenberg et al, 1999; Nickeleit et al, 2000). Petrogiannis-Haliotis et al 
(2001) reported a case of polyomavirus vasculopathy in a patient after renal transplant. In all 
these situations, classical evidence of polyomavirus activation may be observed in the 
sediment of voided urine, as described below (Fig. 22-19). Drachenberg et al (1999) 
considered the examination of voided urine sediment as the most effective diagnostic 
test for polyomavirus in renal transplant patients. 

A case of polyomavirus infection with ureteral obstruction in a renal allograph recipient 
was reported by Coleman et al (1973) and the possibility that the virus contributed to the 
obstruction of the cystic duct in a liver transplant recipient has been raised. It is not known 
whether these events were actually related to human polyomavirus infection. 

The suggestion by Arthur et al (1986) and Apperley et al (1987) that the virus is the cause of 
hemorrhagic cystitis in bone marrow transplant recipients, has been disproved. In a series of 
17 bone marrow transplant patients monitored by urinary cytology, the presence of the virus- 
induced changes in urinary sediment could not be correlated with hemorrhagic cystitis 
(Cottier-Fox et al, 1989). These conclusions have been confirmed by Drachenberg et al (1999). 

The effects of human polyomavirus activation may be observed occasionally in endocervical 
cells in smears of pregnant women (Coleman et al, 1980) and in bronchial cells (see 
Chap. 19) but for reasons unknown, the most important and common manifestations are 
observed in urothelial cells in urinary sediment. 

Cytology 

There are two types of polyomavirus manifestations in the urinary sediment: 

■ A massive presence of infected cells, observed mainly but not exclusively in children and 
young adults and in people of all ages with impaired immunity (see Fig. 22-1 6A). Ito et al 
(1998) attributed this type of infection to BK virus. 

■ Occasional, rare urothelial cells with viral cytopathic changes, observed mainly in patients 
with no immunologic impairment (Fig. 22-1 7A). Ito et al (1998) attributed this type of infection 
to JC virus. 
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Figure 22-17 Polyomavirus infection. A. An oil immersion image of an infected cell 
showing the very large homogeneous nuclear inclusions surrounded by a thick nuclear 
membrane. B. Oil immersion view of a pale nuclear inclusion. In the cytoplasm, a 
nonspecific eosinophilic inclusion may be noted. C. Bladder biopsy in a case of 
polyomavirus infection. Several of the superficial umbrella cells show large viral inclusions. 
D. A histogram of DNA values in human polyomavirus infection. The non-diploid pattern of 
DNA distribution is readily seen. 




Figure 22-18 Electron micrograph of a cell in the human urinary sediment infected 
with human polyomavirus. The crystalline arrays of virus particles, measuring about 45 
nm in diameter, are clearly shown. 
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Figure 22-19 Polyomavirus nephropathy in a patient with AIDS. A Urinary sediment 
showing numerous cells with viral inclusions. B. Kidney biopsy showing distortion of the 
tubules, many of which contain epithelial cells with large viral inclusions. C. Immunostain 
with antibody to SV40 virus showing positive staining reaction in cells of tubular lining. 



Regardless of viral type, two stages of the infection may be recognized in the urinary 
sediment and both are diagnostic of the disorder. These are the inclusion stage and the 
postinclusion stage. 

Inclusion Stage 

• Classical basophilic inclusions: The infected cells vary in size and many are markedly 
enlarged. In its classical presentation, the virus forms single, dense basophilic homogeneous 
intranuclear inclusions that blend with the thick nuclear membrane (see Figs. 22-1 6A,B, 22- 
17A, and 22-1 9A). A narrow, clear halo may sometimes be seen between the edge of the 
inclusion and the marginal rim of nuclear chromatin. In multinucleated umbrella cells, each 
nucleus may contain an inclusion (see Fig. 22-1 6B). Similar inclusions may be observed in 
the superficial layers of the urothelium in fortuitous bladder biopsies from an infected person 
(see Fig. 22-1 7C) and in cytologic preparations from progressive multifocal encephalopathy 
(Suhrland et al, 1987). 

■ Pale inclusions: In a proportion of infected cells, the nuclear inclusions become pale and 
transparent, forming a homogeneous clear space within the infected nucleus (see Figs. 22- 
16C and 22-1 7B). The pallor is usually best seen in the central portion of the inclusion and it 
is nicely contrasted with the rim of the thick nuclear membrane. It is assumed, but it has not 
been proven, that this appearance of the inclusions is caused by leaching of the virus. 
Nonetheless, the pale inclusions are fully diagnostic of polyomavirus infection, as shown by 
immunochemistry (see below). 
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Postinclusion Stage. 

Presumably because of the leachingout of the virus particles, the nuclei of the infected cells 
that lost their viral content acquire a new appearance that, in my judgment, is just as 
characteristic of this infection as the inclusions. The enlarged nuclei have an “empty” 
appearance with a distinct network of chromatin filaments wherein scattered 
chromocenters may be observed (see Fig. 22-1 6D). This has been described as a “fishnet- 
stocking” pattern. Transition forms between the inclusion-bearing cells and the “empty” cells 
may be observed. The presence of residual viral particles in such cells has been confirmed by 
immunocytochemistry with an antigen to SV40 virus, which shares the antigenic 
properties with polyomaviruses, obtained through the courtesy of Dr. Kertie Shah, Johns 
Hopkins School of Public Health, Baltimore, MD. 

The scanty cytoplasm of these dying or dead cells often contains small, irregular 
nonspecific eosinophilic inclusions which are not viral in nature (see below). 

Differential Diagnosis of Poiyomavirus infection 

Although the similarities between the basophilic poiyomavirus inclusions and 
cytomegalovirus (CMV) inclusions 
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are slight (see Figs. 22-15 with 22-16), inasmuch as the poiyomavirus inclusions have no 
halo and are not accompanied by satellite inclusions, nonetheless, sometimes the 
differentiation cannot be securely made. In these cases, the identity of the virus can be 
established by immunologic, virologic, or serologic methods. Molecular techniques such as 
PCR (Ito et al, 1998) and in situ hybridization techniques with specific viral probes are also 
available. Electron microscopy may prove decisive because the CMV particles are very large 
(about 150 nm in diameter) and encapsulated, as are all the particles of the herpesvirus family, 
and do not form crystalline arrays. De LasCasas observed two cases of adenovirus, with 
intranuclear inclusions similar to those in poiyomavirus and diagnosed by electron microscopy. 

Diagnostic Significance of Poiyomavirus infection 

The principal significance of the urothelial cell changes caused by poiyomavirus activation is in 
an erroneous diagnosis of urothelial cancer. The so-aptly named decoy cells have been 
mistaken for cancer cells on many occasions and frequently resulted in a very extensive and 
unnecessary clinical work-up, which included biopsies of the bladder, and cost vast sums of 
money. 

In AIDS patients with renal dysfunction and in renal transplant patients, a simple examination of 
the urinary sediment may lead to the diagnosis and treatment of interstitial nephritis (Fig. 22- 
19). 

Unfortunately, poiyomavirus infection may also occur in patients with urothelial cancer, 
particularly if treated with cytotoxic drugs. In these infrequent cases, the inclusion-bearing 
and the “empty” cells may appear side by side with cancer cells. As is discussed in Chapter 23, 
the characteristic features of urothelial cancer cells do not include smooth, homogeneous 
appearance of the nucleus or the characteristic filamentous chromatin pattern of the 
empty nuclei. 

Human Papillomavirus (HPV) 

Infection of the lower urinary tract with HPV occurs with fair frequency. Because the infection is 
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related to condylomata acuminata and possibly cancer of the urethra and bladder, the 

topic is discussed in Chapter 23. However, it may be noted that koilocytes in the urinary 
sediment in women may occur as a consequence of a “pick-up” of cells from the 
genital tract. In such cases, further investigation of the genital organs is suggested before the 
much more complex investigation of the urinary tract is undertaken. 
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Figure 22-20 Nonspecific eosinophilic cytoplasmic inclusions (arrows). These single 
or multiple inclusions may vary in size from very small to rather large and vary in 
configuration (B: High magnification). 



Cellular Inclusions in Urinary Sediment Not Caused by Viral Infection 

Several types of cell inclusions that may be observed in the urinary sediment must be 
differentiated from viral inclusions. 

Intracytoplasmic Eosinophilic Inclusions 

On frequent occasions, red, eosinophilic, opaque cytoplasmic inclusions, single or 
multiple, may be noted within the benign or malignant epithelial cells in the urinary sediment. 

The inclusions vary in size and shape but most are approximately spherical, resembling 
droplets of red ink or red blood cells. Most of the inclusions appear in cells with a degenerated 
nucleus, as described for human polyomavirus infected cells. However, in some instances, the 
nucleus may still be well preserved (Figs. 22-20 and 23-1 5F). We have also observed very 
large, homogeneous, eosinophilic cytoplasmic inclusions in poorly preserved 
urothelial cells with vacuolated cytoplasm. Similar inclusions are frequently observed in 
degenerating intestinal cells derived from ileal bladders (see below). Dorfman and Monis 
(1964) documented that the inclusions contained mucopolysaccharides. Kobayashi et al (1984) 
reported a case of the rare Kawasaki disease with identical inclusions. Melamed and 
Wolinska (1961) studied these inclusions in a large number of cases. In this study, there was 
no evidence of a specific association of the cytoplasmic inclusions with any known 
disease state. Bolande's suggestion that these inclusions correlate with specific viral diseases 
of childhood was surely in error. Naib (personal communication) failed to identify any viral 
organisms in these inclusions and considers them as products of cell degeneration, possibly 
the result of prior viral infection. Similar inclusions may 
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be observed in degenerating cells of the respiratory tract in ciliocytophthoria (see Chap. 19) 
and occasionally in cells from other organs. Most patients with intracytoplasmic eosinophilic 
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inclusions in urinary sediment have some form of urinary tract disease or injury. 

Inclusions Caused by Lead 

Lead poisoning is not uncommonly observed in children and results in the formation of 
intranuclear acid-fast inclusion bodies in renal tubular cells (Fig. 22-21). Landing and 
Nakai (1959), who were the first to describe these inclusions, proposed that examination of the 
urinary sediment may lead to the correct diagnosis of the disease. This was confirmed by 
Schumann et al (1980) in industrial workers. 

Eosinophilic Nuclear Inclusions 

Such inclusions occurring in urinary sediment of women were described by Rouse et al (1986). 
Extensive investigations failed to uncover the nature of these inclusions. Electron microscopy 
was not performed. 

Parasites 

Trichomonas vaginalis 

The parasite may be observed in the urinary sediment of both female and male patients. The 
presence of Trichomonas vaginalis in the male may be evident in urinary sediment after 
prostatic massage (for description of the parasite, see Chap. 10). Acase of trichomonas 
infestation in a male patient with sterile pyuria was described by Niewiadomski et al (1998). 

In female patients the parasites are usually of vaginal origin. 

Schistosoma hematobium (BUharzia) infestation 

Infestation with the trematode or fluke S. hematobium is extremely widespread in certain parts 
of Africa, particularly along the Nile river (recent summary in Ross et al, 2002). The disease is 
transmitted from man to man through an intermediate host, a fresh-water snail. The mobile form 
of the parasite, the cercariae, penetrates the skin of people wading in the water, causing 
“swimmers' itch.” The cercariae travel to the veins of the pelvis, particularly the veins of the 
bladder, where they mature and copulate. The ova, provided with a terminal spine (see 
Figs. 10-35 and 23-27D), are deposited mainly in the submucosa of the distal ureter and the 
urinary bladder, although the rectum and the uterus may also be involved. The involvement of 
the female genital tract with this infestation is discussed in Chapter 10. 



* 
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Figure 22-21 Lead poisoning. An intranuclear inclusion in an epithelial in urinary 
sediment (Hematoxylin-eosin; * 560. Courtesy of Dr. Benjamin Landing, Cincinnati, Ohio.) 



The major importance of this infestation is its frequent association with carcinoma of the 
bladder, mainly squamous carcinoma (see Chap. 23). The reasons for this association are 
unclear; it may somehow be related to the severe inflammatory reaction and fibrosis of the 
bladder wall caused by the ova. Keratin-forming squamous metaplasia of the urothelium 
is frequently observed and is thought to be a precursor of carcinoma. The urinary 
sediment reflects such changes very closely: marked inflammatory epithelial changes, often 
associated with purulent exudate, are the rule in advanced schistosomiasis. In a study 
performed in our laboratories, numerous anucleated squames and squamous cells 
corresponding to squamous metaplasia were observed in 18 of 51 urine sediments from 
patients from Zimbabwe with schistosomiasis (Houston et al, 1966). Ova were not seen in this 
material. Somewhat similar observations were reported by Dimmette et al (1955). 

Because of air travel and movement of infected people, the finding of S. haematobium is no 
longer confined to endemic areas. Clements and Oko (1983) reported such a case from New 
York City, and more such cases may be expected to occur in the Western world. 

FUariasis 

Filariasis, previously confined to endemic areas, may now be observed in other geographic 
settings. Webber and Eveland (1982) observed Wuchereria bancrofti filariae in urinary 
sediment of a patient in New York City. The presence of this worm is also discussed in 
reference to several other organs (see appropriate chapters). 

URINARY CALCULI (LITHIASIS, STONES) 

Urinary tract calculi (stones) cause clinical symptoms such as sudden onset of pain and 
hematuria. When the stones are located in the uretero-pelvic area, the pain is usually localized 
to the corresponding flank and may radiate to the 
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groin. Radiologic examination usually reveals a space -occupying lesion. The differential 
diagnosis includes lithiasis, tumor, or a blood clot. The urologist may resort to cytologic 
techniques to clarify the nature of the lesion. Cytologic investigation of the urinary sediment is 
rarely of help in solving the dilemma. Urinary calculi have two major effects on the urinary 
specimen: 

■ They may cause a significant desquamation of urothelial cells because of their 
abrasive effect. On a rare occasion, smooth muscle cells, presumably derived from the 
wall of the ureter, may be observed. 

■ They may cause atypias of urothelial cells, which are for the most part nonspecific. 

Abrasive Effect in Voided Urine 

A stone or stones, particularly when lodged in the renal pelvis or ureter, or when being actively 
expelled through the narrow lumen of the ureter, may act like an abrasive instrument. 

Significant and sometimes massive exfoliation of urothelial cells, singly and in 
clusters, may occur and may be observed in the urinary sediment (Fig. 22-22A). Among the 
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single cells, numerous large multinucleated umbrella cells are sometimes quite striking. 

Because of the customary variation in the sizes of the nuclei, such cells have been mistaken 
for cancer cells by inexperienced observers. 




Figure 22-22 Cytologic manifestations of renal lithiasis. A Numerous clusters of 
urothelial cells in a brush specimen. B. Lithiasis of renal pelves. There is some urothelial 
hyperplasia surrounding the remnants of a stone. Note numerous detached fragments of 
urothelium C. A papillary cluster in voided urine of a 51 -year-old woman with lithiasis in a 
brush specimen. Note enlarged, somewhat hyperchromatic nuclei. D. Nuclear atypia in a 
case of lithiasis in a brush specimen. Note the pearl formation by urothelial cells with 
somewhat atypical and large nuclei. 



More importantly, cell clusters, often numerous, may form compact three-dimensional balls 
or “papillary” clusters (Fig. 22-23A-C) that may be mistaken for fragments of a papillary 
urothelial tumor. Highman and Wilson (1982) observed papillary clusters of urothelial cells in 
voided urine in slightly more than 40% of 154 patients with calculi. They proposed that such 
clusters are predictive of calculi. They tested this hypothesis on more than 6,000 routine urine 
specimens and found similar clusters in 48 patients, of whom 30 were subsequently shown to 
harbor calculi. In my experience, however, the presence of papillary clusters in voided 
urine is nonspecific, especially after palpation or catheterization of the bladder, and 
occurs in about 10% to 15% of all specimens from patients in whom no stones can be 
found. 

Stone-Induced Atypias of Urothelial Cells 

In voided urine, urinary calculi may rarely cause alterations in the shapes and sizes of 
urothelial cells, sometimes with a degree of nuclear hyperchromasia that, in the absence 
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of any other nuclear changes, should be interpreted with caution (see Fig. 22-22D). 

Crystalline deposits may be observed in the cytoplasm of such cells. 
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Figure 22-23 Leukoplakia in urinary sediment. A. Nucleated and anucleated squames 
in voided urine sediment. B. Biopsy of bladder wall showing a thick layer of keratin on the 
surface of the epithelium. 



The Dutch investigator, Beyer-Boon (1977), has recorded 11 cases of lithiasis that resulted in 
sufficiently abnormal cytologic patterns to warrant the diagnosis of bladder cancer, occasionally 
of high grade. Highman and Wilson (1982) observed markedly atypical urothelial cells in 10 of 
154 patients with calculi. In 1 of the patients, a major abnormality of the urothelium was 
observed on biopsy. None of the patients developed bladder cancer after a follow-up of 1 to 3 
years. Personal experience does not support these views. In the past 30 years, I am aware of 
only 2 patients for whom a presumably erroneous diagnosis of urothelial cancer was made in 
the presence of lithiasis. One must keep in mind that cancer of the urothelium and lithiasis 
may co-exist and, in the presence of highly abnormal urothelial cells, cancer should be 
suspected (see Chap. 23). In fact, Wynder (1963), considered lithiasis as an important 
epidemiologic factor in bladder cancer. Hence, in the presence of cytologic findings 
suggestive of cancer, further investigation of patients is necessary, whether or not 
there is associated lithiasis. 

Retrograde Sampling of Renal Pelves and Ureters in Lithiasis 

It is not unusual for the urologist confronted with a space-occupying lesion of renal pelvis or 
ureter to resort to retrograde catheterization or direct brushing under the assumption that 
the cell sample will solve the diagnostic dilemma. Although these procedures are sometimes 
useful in high-grade tumors (see Chap. 23), they generally fail in distinguishing a stone from 
a low-grade papillary tumor. 

Regardless of the medium of diagnosis, whether voided urine or samples obtained by 
instruments, the differentiation of lithiasis from low-grade tumors cannot be 
accomplished by cytology and must be based on clinical and radiologic data. 

LEUKOPLAKIA OF BLADDER EPITHELIUM 

Chronic inflammatory processes in the urinary bladder often associated with lithiasis, or in 
Africa with schistosomiasis, may result in the formation of squamous metaplasia, which may 
occur anywhere in the bladder or the renal pelvis and should be differentiated from the 
squamous epithelium often observed in the trigone of the normal female. Squamous epithelium 
with a thick layer of keratin on the surface appears white on cystoscopy and is known as 
leukoplakia (Fig. 22-23B). Keratinizing squamous cancer of the bladder may develop 
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from this disorder (see Chap. 23). 

Cytology 

Leukoplakia of the bladder sheds mature squamous cells and anucleated squames that are 
found in the urinary sediment. The anucleated squames have a yellow cytoplasm in 
Papanicolaou stain (Fig. 22-23A). The diagnostic significance of such findings varies. In 
voided urine from either a female or a male patient, the presence of mature nucleated 
squamous cells is of no diagnostic value. If a catheterized specimen contains anucleated 
squames, the presence of leukoplakia in the urinary tract is probable and cystoscopy 
should be recommended. Leukoplakia of the lower urinary tract must be considered a 
potentially dangerous lesion that may be associated with squamous carcinoma with which it 
may share similar cytologic presentation (see Chap. 23). 

MALACOPLAKIA OF BLADDER 

Clinical Data and Histology 

Malacoplakia (from Greek: ma/ako = soft and p/ax = plaque) is a rare disorder first described in 
the urinary bladder and subsequently observed in many other organs, such 
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as the bronchus (see Chap. 19). The bladder lesion is characterized grossly by formation of 

yellow soft plaques involving the urothelium and bladder wall. 




Figure 22-24 Malacoplakia of urinary bladder. A,B. Large macrophages with 
cytoplasmic inclusions or Michaelis-Gutmann bodies. Note the spherical appearance of the 
inclusions. C. Bladder biopsy corresponding to A showing numerous macrophages 
containing Michaelis-Gutmann bodies. D. An electron micrograph of malacoplakia of the 
urinary bladder showing numerous very large lysosomes containing undigested remnants 
of bacteria. (C: PAS stain; D: approx. * 7,000.) 



The lesions are located in the lamina propria and are separated from the lumen of the bladder 
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by normal urothelium. The lesions are composed of sheets of large, polygonal 
mononucleated macrophages. The cytoplasm of these cells contains spheroid, laminated, 
sometimes calcified concretions (Michaelis-Gutmann bodies) (Fig. 22-24C). It has been 
shown that malacoplakia represents an enzymatic deficiency of macrophages that are 
unable to digest bacteria, are usually coliform. Electron microscopy has shown that the 
Michaelis-Gutmann bodies represent giant cytoplasmic lysosomes containing 
phagocytosed bacteria that later become calcified in a concentric fashion and may 
contain iron (Fig. 22-24D). 

Cytology 

Because malacoplakia is a subepithelial process, it is generally not accessible to cytologic 
sampling. However, if the epithelium is damaged, for example after a biopsy, the characteristic 
cytologic features of the disease may be recognized in the urinary sediment. In a case reported 
by Melamed (1962) and in other cases subsequently observed by us and others, numerous 
cells in the urinary sediment of patients with malacoplakia contained one or more 
spherical Michaelis-Gutmann bodies. Concentric calcific laminations were readily 
identifiable in some, but not all, of the bodies (Fig. 22-24A.B). Although urothelial cells may 
occasionally contain specks of calcium in the presence of lithiasis, the Michaelis-Gutmann 
bodies have a sufficiently unique appearance to be considered diagnostic of malacoplakia. 

URINE OBTAINED THROUGH AN ILEAL BLADDER 

An ileal bladder or ileal conduit is a container constructed surgically from a segment of 
small bowel to function as a substitute bladder, usually after cystectomy for cancer 

(Bricker, 1950). The ureters are transplanted and open into the lumen of the ileal bladder, which 
is usually anchored to the abdominal wall. The urine from the conduit is collected in a container. 
Another artificial bladder is the Indiana pouch built from cecum, ascending colon and the ileum 
that allows the patient to have some control of voiding (Rowland et al, 1987). For reasons that 
are discussed in detail in Chapter 23, cytologic follow-up of patients treated for bladder cancer 
is of considerable importance and requires 
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familiarity with the make-up of the urinary sediment derived from the ileal conduit. 

Cytology 

Urinary sediments obtained from an ileal bladder are always rich in small epithelial cells of 
small bowel origin, which occur singly and in large clusters. Rarely, the original columnar 
configuration of such cells is well preserved. Typically, these cells are spherical, oval, or 
somewhat irregular, resembling macrophages (Fig. 22-25A). Their cytoplasm is often 
frayed and may show vacuolization and the spherical nuclei, although of monotonous 
size, may appear hyperchromatic. Most of these cells are very poorly preserved and show 
nuclear pyknosis and apoptosis (karyorrhexis) and numerous nonspecific eosinophilic 
cytoplasmic inclusions (Fig. 22-25B-D). There is no known clinical significance to these 
findings, which are present in most patients with an ileal bladder. The ileal bladder cells must be 
differentiated from cancer cells, derived from the ileal bladder, ureter, or renal pelvis, described 
in Chapter 23. Watari et al (2000) studied the urinary sediment on patients with Indiana pouch 
and failed to observe any intestinal-type cells. 
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Figure 22-25 Cells derived from ileal bladders. The dominant cell in normal ileal 
bladder urine is a rounded, macrophage-like epithelial cell, undoubtedly derived from the 
intestinal lining. In Figures A, C, and D, scattered columnar intestinal epithelial cells may be 
observed. Note that the cytoplasm of most cells is degenerated and that many of them 
contain the nonspecific eosinophilic cytoplasmic inclusions or show nuclear disintegration. 
(B: High magnification). 



CYTOLOGIC CHANGES CAUSED BY THERAPY 

Urinary Sediment After Surgical Procedures 

Urine samples, obtained shortly after transurethral resection of the prostate or other surgical 
procedures, usually show marked acute inflammatory changes, sometimes with an 
admixture of eosinophils. Electrocautery, used for biopsies, may cause homogeneous 
nuclear enlargement and pyknosis in urothelial cells, occasionally mimicking nuclear 
changes observed in bladder cancer. These changes may persist for 2 or even 3 weeks 
following the procedure. Errors in interpretation are avoided by knowledge of clinical history 
and cytologic follow-up 4 to 6 weeks after the surgical procedure. Fanning et al (1993) 
described a spindly artifact of urothelial cells after laser treatment caused by coagulation of 
epithelial surface. These authors cautioned against misinterpretation of such changes. 

Epithelial regeneration that follows a biopsy or a surgical procedure may also result in some 
atypia of urothelial cells and mitotic activity that may be observed in urinary sediment. The 
nuclei of the urothelial cells may show some granularity and sometimes contain 
visible nucleoli and may show mitotic activity (Fig. 22-26A). As a rule, 



these changes do not last more than 2 to 3 weeks after the procedure. If significant cell 
abnormalities persist beyond that period, the possibility of a residual or recurrent malignant 
tumor cannot be ruled out. 
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Figure 22-26 Effect of treatment on urothelial cells. A Bladder brush a few days after 
transurethral reaction for prostatic hypertrophy. Note the cluster of deeper urothelial cells, 
some showing mitotic activity (arrow). B-D. Effects of radiotherapy. B. A markedly distorted 
large urothelial cell after 35 GY. C. Same case as B. Note the large cytoplasmic vacuole. D. 
Radiation effect in a 20-year-old man with retroperitoneal Hodgkin's disease. The 
enlargement of the urothelial cell and nuclear break-down are shown. 



Radiotherapy 

Irradiation of the pelvic organs produces marked changes in the urinary bladder. Edema of the 
bladder wall is usually marked and there are also changes in blood vessels and the stroma. 

The epithelial cells share the fate of irradiated cells in other organs (see Chaps. 18 and 19) 
and become enlarged. The cytoplasm becomes vacuolated and at times eosinophilic. 
Their nuclei are also enlarged, occasionally showing vacuolization, pyknosis and 
apoptosis (karyor-rhexis) (Fig. 22-26B-D). The value of cytologic assessment of radiotherapy 
for primary carcinoma of the bladder is discussed in Chapter 23. 

Radiation changes in the bladder following radiation treatment of carcinoma of the cervix 
have resulted in serious diagnostic problems. Evaluating the presence or absence of 
metastatic carcinoma of the cervix within the bladder on the basis of the urinary sediment 
is at times difficult and, on at least one occasion, it was erroneous because irradiated 
urothelial cells were mistaken for cells of epidermoid carcinoma. As elsewhere in similar 
situations, it appears wise to withhold diagnostic judgment in the presence of radiation 
changes until clear-cut evidence of cancer has been obtained. 

Chemotherapy 

Certain alkylating drugs, particularly cyclophosphamide, administered as an 
immunosuppressive and therapeutic agent, exercise a marked effect on the epithelium of 
the urinary bladder. 

Cyclophosphamide 

Cyclophosphamide (Cytoxan, Endoxan) is related to nitrogen mustard but is, per se, inactive 
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until metabolized in the liver. In patients, the products of metabolism of the drug are rapidly 
excreted in the urine and have a marked cytotoxic effect, causing hemorrhagic cystitis that 
may lead to intractable hemorrhage necessitating surgical treatment (Berkson et al, 1973). This 
effect of cyclophosphamide may be attenuated or eliminated by hydration of the patient and by 
certain drugs. 

Experimental evidence (Koss, 1967) supports the view 
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that metabolites of cyclophosphamide exercise a direct and marked effect on the 
epithelium of the bladder: in the rat, a single intraperitoneal injection of the drug in the dose 
of 200 or 400 mg/kg produced rapid necrosis of the bladder epithelium, followed by 
marked atypical hyperplasia. Cells from the hyperplastic epithelium showed marked atypia, 
comparable to abnormalities observed in human material. It has also been shown 
experimentally that by diverting the urine from the bladder, the drug effect could be prevented 
(Beilin etal, 1974). 

Cyclophosphamide-induced abnormalities are not confined to the epithelium. There is 
experimental evidence that subepithelial blood vessels and smooth muscle of the 
bladder may be severely damaged (Bonikos and Koss, 1974). It has also been recorded 
that in children, fibrosis of the bladder wall may occur after exposure to this potent drug 
(Johnson and Meadows, 1971). 

Effects on Urothelial Cells 

The cytologic changes in patients receiving cyclophosphamide for a variety of malignant 
diseases were first described by Forni et al (1964). The changes observed were somewhat 
similar to those following radiation treatment. The most striking feature was marked but 
variable cell enlargement, usually pertaining to both the nucleus and the cytoplasm. 

The study of patients from the very beginning of treatment suggested that the nuclear 
enlargement preceded cytoplasmic abnormalities. The enlarged nucleus was often 
eccentric, slightly irregular in outline, and nearly always markedly hyperchromatic. The 
chromatin granules were at times coarse but their distribution was usually fairly even, giving 
the nucleus a “salt-and-pepper” appearance (Fig. 22-27). A chromocenter or a nucleolus 
or two were often well in evidence and sometimes very large. The large nucleoli were 
frequently distorted, with irregular and sharp edges. In female patients, the sex chromatin 
body was often visibly enlarged. Occasionally, multinucleated cells were noted with some 
variability in the sizes of the component nuclei. Nuclear pyknosis and apoptosis 
(karyorrhexis) were common late effects, resulting in large and hyperchromatic nuclei. The 
cytoplasm commonly showed marked vacuolization and sometimes contained particles of 
foreign material or was infiltrated by polymorphonuclear leukocytes. Occasionally, bizarre cell 
forms were observed. In some instances, the cytologic changes due to cyclophosphamide 
therapy may be extremely severe and imitate urothelial carcinoma to perfection. In cases 
showing such marked cell changes as those just described, the smear 
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background often contained numerous erythrocytes, cellular debris, and leukocytes. 
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Figure 22-27 Effect of cyclophosphamide on urinary bladder epithelium. A Smear 
pattern in voided urine showing numerous cells with large hyperchromatic nuclei. B. Similar 
nuclear abnormalities in a patient treated for large cell lymphoma. C. Nuclear enlargement 
and hyperchromasia in a patient treated for leukemia. D. Biopsy of bladder in the same 
patient as C, showing nuclear enlargement in the epithelium surmounting a hemorrhagic 
stroma, the latter is characteristic of cyclophosphamide effect. 



It must be noted that there was no direct correlation between the degree of cytologic atypia and 
the dosage of the drug, as shown by Forni et al (1964). Histologic changes in biopsies of the 
bladder show very marked epithelial abnormalities which, at the height of the 
cyclophosphamide effect, are akin to carcinoma in situ (Fig. 22-27D), but can regress after 
cessation of therapy. It has been shown by Jayalakshmamma and Pinkel (1976) that 
simultaneous radiotherapy enhances the effects of cyclophosphamide on the bladder. 



The cytologic changes caused by cyclophosphamide should not be confused with 
synchronous urothelial cell abnormalities due to human polyomavirus activation, which 
are quite common in such patients and were described above. The drug has an 
immunosuppressive effect and, thus, it may contribute to reactivation of the virus. As discussed 
above, there is no evidence that the polyomavirus activation has any bearing on the occurrence 
of hemorrhagic cystitis in patients with bone marrow transplants (Cottier-Fox et al, 1989). In 
fact, it is likely that the hemorrhagic cystitis may have been caused in these patients by 
cyclophosphamide. 



The most significant complication of cyclophosphamide therapy has been the 
occurrence of cancer of the lower urinary tract, recorded in several patients after 
longterm administration of large doses of the drug for unrelated malignant disease, 
usually a lymphoma, but sometimes for a benign disorder (Schiff et al, 1982). Bladder 
carcinomas were reported by Worth (1971), Dale and Smith (1974), and by Wall and Clausen 
(1975). Asquamous carcinoma of the bladder was personally observed in a 19-year-old girl 
with a history of 24 months of cyclophosphamide therapy (Fig. 22-28A) and an adenocarcinoma 
in a 77-year-old woman who received the drug for many years for Waldenstrom's 
macroglobulinemia (Siddiqui et al, 1996). Carcinomas of the renal pelvis (Fuchs et al, 1981, 
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McDougall et al, 1981) and of the ureter (Schiff et al, 1982) were also recorded under similar 
circumstances. Several cases of leiomyosarcoma of the bladder have been observed, 
usually several years after completion of treatment for a malignant lymphoma with large doses 
of cyclophosphamide (Rowland and Eble, 1983; Seo et al, 1985; Kawamura et al, 1993). 

Thrasher et al (1990) described a leiomyosarcoma of bladder after treatment for lupus nephritis. 

An example of a leiomyosarcoma of the bladder after cyclophosphamide therapy is shown in 
Figure 22-28B, courtesy of Dr. Lawrence Roth of Indianapolis, Indiana. Sigal et al (1991) 
described a synchronous leiomyosarcoma and an invasive carcinoma in a patient treated 
for lymphoma. An excess of bladder cancer was observed in patients treated with 
cyclophosphamide for Hodgkin's disease (Pedersen-Bjergaard, 1988) and non-Hodgkin's 
lymphomas (Travis et al, 1989). Although in some of the older patients, the bladder cancer 
may have been an incidental, new primary tumor, some of the observed patients were 
sufficiently young to suggest that the drug acted as a carcinogenic agent. This possibility is not 
unique to cyclophosphamide, and it has also been suggested for other alkylating agents (see 
Chap. 18). These observations strongly suggest that clinical and cytologic follow-up of patients 
receiving cyclophosphamide therapy is prudent. In patients in whom cell abnormalities develop 
and persist during and after cyclophosphamide therapy, clinical investigation of the bladder is 
warranted. 
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Figure 22-28 Malignant tumors in patients treated with cyclophosphamide. A. 

Urothelial carcinoma in a 47-year-old male with multiple myeloma. B. Leiomyosarcoma of 
bladder in a 17-year-old man treated for malignant lymphoma. ( B : Courtesy of Dr. 
Lawrence Roth, Indianapolis, IN.) 



Busu/fan 

The marked effects of busulfan (Myeleran) on the epithelia of the cervix and the lung were 
described in Chapters 18 and 19. It is not surprising, therefore, that the drug also has a marked 
effect on the epithelium of the urinary tract. Large cells with atypical large nuclei may be 
observed in renal tubules and the epithelium of the renal pelves. The urinary bladder 
may even show abnormalities resembling carcinoma in situ. The urinary sediment of 
patients receiving busulfan may contain abnormal epithelial cells, difficult to differentiate from 
cancer cells. Examples of cell abnormalities caused by busulfan are shown in Chapter 18. The 
role of busulfan as a possible carcinogenic agent is extensively 
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discussed in Chapter 19, to which the reader is referred for further information. 
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Intravesical Drug Therapy 

Anumber of drugs such as triethylenethiophosphoramide (Thiotepa), doxorubicin 
hydrochloride (Adriamycin), and mitomycin, are being used intravesically for treatment of 
some bladder cancers, mainly carcinoma in situ, and for prevention of recurrences of papillary 
tumors. In my experience, urothelial cell changes observed with these drugs are 
relatively trivial and consist of a radiomimetic effect (cell and nuclear enlargement). I have 
not seen any drug-induced nuclear abnormalities that mimic carcinoma (except for an 
occasional polyomavirus activation). Thus, the presence of identifiable cancer cells in 
the urinary sediment during the monitoring of such patients usually indicates a lack of 
tumor response to treatment. In experimental dogs treated with intravesical doxorubicin and 
Thiotepa, similar observations were recorded: cell and nuclear enlargement, multinucleation, 
and karyorrhexis were the principal transient abnormalities noted (Rasmussen et al, 1980). 

Immunotherapy with Bacillus Ca/mette-Guerin (BCG) 

Immunotherapy with the attenuated Mycobacterium bovis strain, bacillus Calmette-Guerin 
(BCG) is now extensively used for treatment of flat carcinoma in situ of the bladder. The 

monitoring of these patients by cytologic examinations of urinary sediment is 
mandatory and the results are described in Chapter 23. The agent may produce tuberclelike 
granulomas in the bladder wall, indistinguishable from tuberculosis. In a fortuitous 
case, clusters of epithelioid cells, forming a granuloma, may be observed in the 
urinary sediment (Fig. 22-29). For further discussion of effects of treatment on bladder 
cancer, see Chapter 23. 



Figure 22-29 Granulomas in voided urine sediment of a patient treated with BCG 
for carcinoma cite A & B in situ of the bladder. Both photographs show plump 
epithelioid cells in a tight cluster. No giant cells were observed in this case; B: high power. 
(Case courtesy of Dr. Ruth Kreitzer, Mount Sinai Hospital, New York, NY.) 



Aspirin and Phenacetin 

Prescott (1964) pointed out that the nephrotoxic effect of these drugs may be assessed in 
urinary sediment by performing counts of renal tubular cells. This is best accomplished by 
staining the sediment by the method described by Prescott and Brodie (see Chap. 44), which 
stains leukocytes deep blue, renal tubular cells pink, and erythrocytes red. This method was 
used by Prescott to demonstrate a marked increase in the desquamation of renal tubular cells 



A 




B 
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in patients receiving aspirin, phenacetin, and related drugs. The significance of these drugs in 
the causation of carcinoma of the renal pelvis is discussed in Chapter 23. 

URINARY SEDIMENT IN ORGAN TRANSPLANTATION 

One of the greatest medical advances of our era has been the ability to substitute a diseased 
organ of a patient with a transplanted organ (allograft) obtained either from a living or deceased 
donor. Although knowledge of human immunology has made great strides and much more is 
known about the mechanisms of tissue matching and prevention of rejection than a few years 
ago, nevertheless, in spite of effective therapy, the rejection of the transplanted organ by the 
recipient remains a serious risk in every case. It is beyond the scope of this work to discuss all 
the manifestations of organ rejection. Only some of the effects on the urinary sediment will be 
discussed here in reference to bone marrow and renal transplantation. 

Bone Marrow Transplantation 

The procedure is used in patients with treatment-resistant leukemias and lymphomas 
and in the treatment of some solid tumors and some patients with nonmalignant blood 
disorders (summary in Stella et al, 1987). The preparation of the patients for a transplant 
involves ablation of 

P.771 

the marrow by total body irradiation and large doses of drugs, such as 
cyclophosphamide and busulfan (summary in Cottier-Fox et al, 1989). Perhaps the most 
common event in the bone marrow transplant patients is the activation of polyomavirus 
infection, with resulting nuclear inclusions, described and illustrated above. 

Both radiation and drugs may affect the urothelial cells when applied singly, as discussed 
above. The combination of these procedures may be very difficult to interpret. As an example, 
the urinary sediment and bladder biopsies in a 43-year-old man with bone marrow transplant for 
leukemia are shown in Figure 22-30. The urinary sediment showed radiomimetic effect but 
also contained bizarre malignant-looking cells with huge, hyperchromatic nuclei. The 
biopsy of the bladder showed epithelial changes mimicking urothelial carcinoma in situ. 

The patient died and similar abnormalities were found in the epithelium of the bladder at 
postmortem examination. Because of multiple modes of treatment in this case, no single cause 
of the epithelial abnormalities can be ascertained. It is important, however, to recognize that 
cyclophosphamide may be the cause of bladder cancer (see above). In an excellent study, 

Stella et al (1992) compared change caused by conditioning therapy in bone marrow transplant 
recipients with cells harvested in urinary sediment from patients with bladder cancer. Although 
significant differences were observed in patients with low-grade tumors, the separation of 
therapyinduced changes from cells of high-grade carcinomas was very difficult. 
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Figure 22-30 Urine sediment in a 45-year-old male treated with a bone marrow 
transplant for malignant lymphoma. A Shows markedly enlarged urothelial cells, 
consistent with radiation effect. B,C. Show a variety of abnormal cells with large 
homogeneous nuclei next to urothelial cells of normal size and configuration. D. Shows a 
bladder biopsy with remarkable nuclear abnormalities in the epithelium consistent with a 
carcinoma in situ. (Case courtesy of Dr. Denise Hidvegi, Northwestern University, Chicago, 
IL.) 



Changes caused by radiotherapy and by cyclophosphamide may also occur simultaneously 
(Fig. 22-30A). Cell changes mimicking (or perhaps representing) cancer may be observed. On 
the other hand, it is known that organ transplant patients are prone to develop various forms of 
cancer, including carcinomas and malignant lymphomas (see discussion of this topic in Chap. 
18). Hence, it remains a possibility that carcinomas in situ of the urinary bladder may occur in 
transplant patients. 



Renal Transplantation 

Renal transplantation in patients in uremia caused by renal failure is the oldest and one of the 
most successful procedures of its kind. Following the transplantation, the patients are 
immunosuppressed by a variety of drugs. The greatest danger to these patients is transplant 
rejection, which may be prevented by adjusting the dosage of the immunosuppressing agents. 

P.772 

Monitoring of renal rejection by urinary sediment analysis was proposed in the late 
1960s. Bossen et al (1970) studied a profile of urinary sediment that was composed of seven 
features observed before and during episodes of renal allograft rejection. These features were: 

■ Necrotic material forming the background of smears (“dirty background”) 

■ Nuclear degeneration 

■ Tubular casts 

■ Erythrocytes 
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■ Mixed cell clusters (epithelial and leukocytes) 

■ Lymphocytes 

■ Tubular cells 



At least five of these features were observed in every patient prior to episodes of rejection. The 
two most constant features were the presence of lymphocytes and of tubular cells. 

The mere increase in cellularity of the smears was a hint of impending rejection. In the absence 
of rejection, the urinary sediment had low cellularity and a clean background. If the rejection 
episode was controlled by therapy, there was an improvement in the profile of features 
discussed above. Bossen et al recommend an evaluation of the urinary sediment profile for 
monitoring renal transplants as more reliable than any single feature, such as the presence 
of lymphocytes or tubular cells, as previously advocated by Kauffman et al (1964) and by Taft 
and Flax (1966). Schumann et al (1977) advocated use of the cytocentrifuge for the study of 
urinary sediment and confirmed that the presence of tubular cells, singly or in casts, was of 
great prognostic value of impending rejection (see Figs. 22-1 ID and 22-12). In a subsequent 
communication, Schumann et al (1981) discussed at length the criteria for recognition of renal 
fragments and tubular cells in the urinary sediment. These authors stressed the close 
relationship of tubular cells with casts and the cylindric fragments corresponding to tubular 
cells. With the use of Bales' method of urine fixation and processing, the recognition of casts in 
the sediment is significantly enhanced. 




Figure 22-31 Monitoring renal transplant rejection with ICAM. A Shows a negative 
control. B. Shows a renal cell with positive staining. For description of test, see text. 
(Courtesy of Dr. Flores Alfonso, Morristown Memorial Hospital, Morristown, NJ.) 



Spencer and Anderson (1979) stressed that numerous viruses, such as cytomegalovirus, 
herpesvirus (including herpes zoster), and human papillomavirus may become activated 
in the immunosuppressed renal allograft recipients. These authors reported that the infection 
with cytomegalovirus was particularly serious. Human polyomavirus activation, easily 
detected in voided urine, is also of major prognostic significance as narrated above 
(Drachenberg et al, 1999). 



Since the publication of these early papers, considerable progress has been made in the 
recognition of molecules that participate in organ rejection (summary in Corey et al, 
1997b). In a series of elaborate studies on serial urine samples in ten pediatric patients, 
processed by the method of Bales (see Chap. 44), these authors compared the predictive value 
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of urine cytology with renal biopsies (Corey et al, 1997a) and conventional cytology with 
immunostaining for receptors of adhesion molecules ICAM-1 and interferon gamma and 
TNF-a receptors, two molecules that regulate the expression of ICAM-1 (Corey et al, 1997b). 

In conventional cytology, organ rejection was anticipated when the urine sample 
contained less than 55% neutrophiles and more than 20% lymphocytes. The reading of 
the cytology specimens was more reproducible than the reading of biopsies. In 
immunostudy of nonrejecting patients, the tubular cells expressed only the interferon gamma 
receptor. In the graft-rejecting patients, the tubular cells expressed ICAM-1 and TNFa receptors 
but not the interferon gamma receptor (Fig. 22-31). This study, in which each step was carefully 
controlled and each morphologic observation was confirmed by two observers, opened new 
possibilities in monitoring renal transplant patients. 

Aspiration Biopsy 

Hayry and von Willebrand (1981a) used percutaneous fine-needle aspiration technique (FNA) 
for monitoring of renal transplants. The technique, described in detail by the same authors 
(1981b, 1984), samples the cortical area of the graft. Three types of cells are evaluated in 
smears stained with 
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May-Grunwald-Giemsa (MGG): the large distal tubular cells, either granulated or 
nongranulated, small proximal tubular cells, often forming clumps, and endothelial cells. 

The viability of these cells was evaluated on a scale from one to four, one indicating normal 
cells and four necrotic cells. The extent of inflammation in the smear was based on a 
differential count of leukocytes, compared with the differential count in a simultaneously 
obtained sample of peripheral blood. The results were compared with biopsy material and 
found to be accurate. Several types of leukocytes were recognized and classified in these 
samples. Lymphocytes and monocytes were the first inflammatory cells seen in the 
transplant. The appearance of blast cells indicated that the function of the transplant 
deteriorated. Granulocytes did not appear in the samples until late in rejection. Platelets were 
also studied with specific antibodies and have been shown to be increased during rejection 
episodes. Still, the finding of a large number of tissue macrophages was the most 
secure evidence of acute transplant rejection. Hayry, in a summary paper (1989), 
discusses the clinical value of the FNA technique and several ancillary laboratory procedures, 
as a most accurate method of monitoring renal transplants, leading to appropriate adjustments 
in antirejection therapy and salvage of allografts. The technique has been successfully used by 
Bishop et al (1989). It requires a dedicated team and a specialized laboratory for successful 
execution and has not achieved widespread acceptance. 

Cyclosporine Effect 

Cyclosporine is an immunomodulatory drug extensively used in organ transplant recipients to 
prevent rejection. The drug affects renal function in about 30% of the patients. Winkelmann et 
al (1985) and Stella et al (1987) described necrosis of renal tubular epithelial cells and the 
presence of “tissue fragments” in the urine of bone marrow transplant patients as 
evidence of cyclosporine toxicity. Similar conclusions were reached by Stilmont et al (1987). So 
far as one could judge from the photographs, the changes were not specific. Most 
unfortunately, many people knowledgeable about organ transplants who write about the 
cytologic findings in the urinary sediment are not familiar with the scope of urinary cytology. A 
number of published articles confuse common findings with transplant-specific findings. As an 
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example, a paper by Stella et al (1992) shows cells with typical polyomavirus inclusions as 
evidence of “urothelial toxicity” following bone marrow transplantation. The reader should be 
skeptical of much of the published work on this subject written by people with limited 
experience in urinary cytology. 

Because the allograft recipients routinely receive immunosuppressive drugs, they are subject to 
infections by agents that are uncommonly observed in nonsuppressed patients. These are 
mainly viral agents, which have been discussed in detail above. Such patients also run a 
substantial risk of developing malignant tumors, such as malignant lymphomas or other 
cancers, as discussed in Chapter 18. 
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Tumors of the Urinary Tract in Urine and Brushings* 

TUMORS OF THE UROTHELIUM (TRANSITIONAL EPITHELIUM) OF THE 
BLADDER 

Epidemiology 

In the United States, tumors of the bladder are the fourth leading type of cancer in men but 
are less common in women (Messing and Catalona, 1998). During the second half of the 20th 
century, a statistically significant increase in the rate of urothelial tumors, mainly tumors of the 
urinary bladder, has been observed in most industrialized countries 

P.778 

(Cole etal, 1971, 1972; Wynder et al, 1977; Silverman etal, 1992). For the year 2001, the 
American Cancer Society projected more than 54,000 new cases and 12,400 deaths from 
tumors of the bladder (Greenlee et al, 2001). 

The impact of environmental factors on the genesis of tumors of the bladder has been 
known since the publications by the German surgeon Rehn (1895 and 1896), who observed 
that workers in factories producing aniline dyes were at a high risk for this disease. It was 
subsequently shown that the carcinogenic compounds to which these workers were exposed 
were aromatic amines, such as 2-naphthylamine, para-aminodiphenyl (xenylamine), and 4-4- 
diaminobiphenyl (benzidine) (Bonser et al, 1952; Boyland et al, 1954). Another compound 
known as MBOCA[4,4' methylenobis (2-chloroaniline)], an analogue of benzidine, has been 
shown to induce low-grade papillary tumors in the bladder (Ward et al, 1988). The drug 
chlornaphazine, related to the aromatic compounds, was shown to be carcinogenic for the 
bladder (Videbaek, 1964; Laursen, 1970). The effects of the alkylating agent 
cyclophosphamide as a carcinogen in the lower urinary tract were extensively discussed in 
Chapter 22. Women working in factories producing phenacetin, a common analgesic, and 
heavy users of the drug are also at increased risk for urothelial tumors that may involve the 
bladder but also the ureters and the renal pelves (Johansson et al, 1974; Mihatsch, 1979; 
Lomax-Smith, 1980; Piper et al, 1985). There also is evidence that workers in rubber and 
cable, leather, and shoe repair industries are at a high risk for bladder cancer, although the 
specific carcinogenic substances have not been clearly identified. Nortier et al (2000) reported 
that the use of a Chinese herb ( aristoiochia fangchi) may also be a risk for bladder tumors. 

Along similar lines, bladder tumors in cattle have been linked with consumption of another plant, 
bracken fern (pteris aquiiina) (Pamukcu et al, 1964; Hirono et al, 1972). Experimental data 
suggested that bladder tumors in cattle fed bracken fern may also be associated with bovine 
papillomavirus type 2 (Campo et al, 1992). A high level of inorganic arsenic in drinking 
water is another cause of bladder cancer (Cohen et al, 2000; Steinmaus, et al, 2000). Bladder 
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cancer is by far the most common tumor in the population at risk, although organs such as the 
lungs may also be affected. Bladder tumors observed in Taiwan in areas of high arsenic 
concentration, are commonly associated with arteriosclerotic changes in lower extremities 
known as the “black foot” disease (Chiang et al, 1993; Chiou et al, 1995, 2001). The 
association has also been observed in Chile (Smith et al, 1998) and Argentina (Hopenhayn et 
al, 1996). The mechanisms of arsenic carcinogenicity are unknown (Simeonova and Luster, 

2000 ). 

Besides the environmental factors, there are other risk factors for tumors of the bladder. For 
example, paraplegic and quadriplegic patients are at risk, presumably because of 
inadequate voiding, and therefore exposure of the bladder to small doses of unknown 
carcinogenic agents contained in the urine (Kaufman et al, 1977; Bejany et al, 1987; Bickel et 
al, 1991). Similar mechanisms may be responsible for bladder tumors in otherwise 
normal men with low intake of fluids (Michaud et al, 1999) and enlargement of the prostate. 

Work from this laboratory has shown that prostatic enlargement, whether caused by 
hyperplasia or carcinoma, is another risk factor for cancer of the bladder. Between 
January 1974 and August 1977, we observed 19 patients, seen primarily because of prostatic 
enlargement, whose urinary sediment disclosed an occult urothelial carcinoma, subsequently 
confirmed by biopsies of bladder. Further review of the files at Montefiore Medical Center, 
compiled by Dr. Allayne Kahan, disclosed 13 patients with coexisting carcinomas of the prostate 
and of the bladder and an additional 28 patients with benign prostatic hypertrophy and bladder 
cancer (unpublished data). Barlebo and Sorensen (1972) observed 2 patients with carcinoma in 
situ of the bladder, initially seen because of prostatic hypertrophy. Afurther association of 
bladder cancer with prostatic disease was reported by Mahadevia et al (1986), also from this 
laboratory. Mapping of 20 cystoprostatectomy specimens removed because of invasive high- 
grade bladder cancers or carcinoma in situ, or both, disclosed that occult carcinoma of the 
prostate was present in 14 of the 20 patients, but only one of these lesions was suspected 
before cystectomy. These observations strongly suggest that in all patients with 
prostatic enlargement, whether benign or malignant, bladder cancer should be ruled 
out. In fact, Nickel et al (2002) reported that three urothelial carcinomas in situ were observed 
among 150 patients with chronic prostatitis evaluated by urine cytology. Conversely, male 
patients with known tumors of the bladder should be investigated for coexisting prostatitic 
carcinoma. The urologists are generally unaware of this association. 

Tumors of the bladder are observed with high frequency in some geographic areas. In the 
United States, these tumors are often observed in the state of New Jersey and in New Orleans, 
presumably because of a high level of exposure to industrial waste. In Egypt and many other 
African countries, an infection with the parasite Schistosoma haematobium (Biiharzia) is an 
important cause of bladder cancer, as discussed in Chapter 22 and in this chapter. Still, many 
patients with bladder tumors have no known risk factors. It is speculated that industrial pollution, 
cigarette smoking, or a combination of these and other yet unknown factors contribute to 
cancers of the lower urinary tract. 

Terminology 

The unique features of the epithelium lining the lower urinary tract were discussed at 
length in Chapter 22 and need not be repeated here. Many of these features, such as the 
presence of the asymmetric unit membrane and umbrella cells, are observed in tumors 
derived from this epithelium. Further, the presence of uroplakins, proteins uniquely 
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characterizing this epithelium (summaries in Wu et al, 1994 and Sun et al, 1999), have been 
shown to be an important diagnostic and experimental tool, as discussed elsewhere in this 
chapter. For all these reasons, the term urothelial tumors or carcinomas has been used in 
the previous additions of this book and in other writing, replacing the old term 
transitional cell tumors or 
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carcinomas (Koss, 1974, 1985, 1995). The term urothelial tumors has now been accepted 
by consensus of urologic pathologists (Epstein et al, 1998). 
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Figure 23-1 Schematic representation of two families of bladder tumors and the 
sequence of events in the development of tumors of the bladder. The drawing 
assumes that carcinoma in situ and related lesions are the cardinal step in the 
development of invasive cancer. (Diagram by Dr. Bogdan Czerniak.) 



Classification and Natural History 

The accomplishments and limitations of cytology in the diagnosis and follow-up of 
tumors of the bladder can only be understood against a background of histologic and 
clinical observations. It is of interest that cytologic observations on urinary sediment 
played a key role in establishing the current concepts of classification and natural 
history of these neoplasms (summary in Koss, 1995). 



TABLE 23-1 CHARACTERISTICS OF TWO GROUPS OF UROTHELIAL TUMORS 



Feature 


Low-Grade 

Papillary 

Tumors 


High-Grade Papillary Tumors and Invasive 
Carcinomas 


Epithelial 


Hyperplasia 


Flat carcinoma in situ and related 


abnormality of 




abnormalities: atypical hyperplasia (or 


origin 




dysplasia) 


Invasive potential 


Low 


High 
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Recognition in 
urine cytology 


Poor 


Good to outstanding, depending on grade 
and DNAploidy 


DNAploidy 

pattern 


Predominantly 

diploid 


Predominantly aneuploid 


Density of nuclear 
pores 


Normal 


Increased 


Expression of Ca 
antigen (epitectin) 


As in normal 
urothelium 


Increased 


Blood group 

isoantigen 

expression 


Usually 

present 


Usually absent 


Mutation of p53 
gene 


Usually absent 


Usually present 



Two Pathways of Bladder Tumors 

For many years, most urothelial tumors of the bladder, the ureter, and the renal pelves were 
thought to be malignant and were classified as “carcinomas,” regardless of their morphology. 

Within the last half a century, evidence has been provided that there are significant differences 
in the behavior and prognosis among these tumors based on their morphology and clinical 
presentation (Fig. 23-1 and Table 23-1). 
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The urothelial tumors of the bladder may be classified into two fundamental, although to 
some extent overlapping, groups with different patterns of behavior, different 
prognoses and different cytologic presentation. These are: 

■ Papillary tumors 

■ Nonpapillary tumors 

The papillary tumors of the urothelium have for the most part, a different natural 
history from the nonpapillary, flat tumors. It is of particular importance to recognize 
that many common, well-differentiated papillary tumors (low-grade tumors) should not 
be classified as “carcinomas” because they do not, or very rarely, progress to invasive 
cancer. On the other hand, nonpapillary or flat urothelial lesions (carcinoma in situ and 
related abnormalities) are the principal precursor lesions of invasive urothelial cancer. 

It is only recently that the community of urologic pathologists incorporated some of these 
concepts into the classification of tumors of the urothelium (Epstein et al, 1998), even though 
they have been advocated for many years in previous editions of this book and other writings 
(Koss, 1975, 1985, 1995). 

Although this simple classification of urothelial tumors is based primarily on their morphologic 
characteristics, it is also supported by differences in biologic and behavioral features that 
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will be briefly mentioned here and are discussed in detail below. 

There are significant differences in DNA content among the different categories of urothelial 
tumors with all, or nearly all, low-grade papillary tumors having a DNA content in the 
normal range (diploid) and all, or nearly all, high-grade lesions, whether papillary or 
nonpapillary, having an abnormal DNA content (aneuploid). Several studies support 
further the concept of two pathways of bladder tumors. Thus, a study of the density 
distribution of nuclear pores (see Fig. 2-22 for description) was shown to correlate with DNA 
ploidy. The number and density of nuclear pores was significantly higher in aneuploid than in 
diploid tumors (Czerniak et al, 1984). The expression of a monoclonal antibody Cal 
(epitectine), a presumed marker of surfaces of cancer cells (Ashall et al, 1982), was also 
shown to be higher in all but one of 12 aneuploid tumors when compared with diploid tumors 
and normal urothelium (Czerniak and Koss, 1985). Molecular biology of these tumors is 
discussed further on in this chapter. 

Very strong support for the concept of two pathways of bladder tumors has been 
recently offered based on experimental evidence in transgenic mice. Uroplakin II gene 
promoter was used to introduce two different oncogenes into the ova. The mice bearing the 
Ha-ras oncogene developed superficial, noninvasive papillary tumors, whereas mice 
bearing the T antigen of the SV40 virus developed flat carcinomas in situ and invasive 
bladder cancers (Zhang et al, 1999, 2001). Recent molecular studies of fibroblast growth 
factor receptors (FGRFR3), expressed in low-grade tumors, and p53 overexpression in high- 
grade tumors, also confirmed the concept of two pathways of bladder carcinogenesis (van 
Rhijn et al, 2004). It must be noted that in several recent studies, genetic abnormalities were 
observed in morphologically normal urothelium adjacent to tumors (Czerniak et al, 1995, 

1999, 2000; Cianciulli et al, 2003). 

Papillary Urothelial Tumors 

Fundamental Structure and Clinical Presentation 

Papillary urothelial tumors are by far, the most common form of urothelial tumors seen in 
the practice of urology. They occur in all age groups, even in children and adolescents, 
although they are more common in older patients. When first observed, they may be single or 
multiple. The fundamental structure of all papillary tumors is the same. The tumors form a 
fern-like, cauliflower, or sea anemone-like protrusion into the lumen of the organ, be it 
urinary bladder, renal pelvis, or the ureter. The papillary tumors may have a narrow base and a 
single stalk or may be sessile, that is, having a broader base with multiple, branching 
stalks. Each stalk is composed of a central core of connective tissue and vessels, 
supporting epithelial folds of varying degrees of thickness and cytologic abnormality 
(Fig. 23-2A,B). The make-up of the epithelium is used to classify these tumors further (see 
below). 

It has been proposed, based on molecular analysis (Sidransky et al, 1991; Steiner et al, 1997) 
and comparative genomic hybridization (Simon et al, 2001), that multifocal papillary tumors of 
the bladder are of monoclonal origin, that is, the result of proliferation of a single cell. 

This theory assumes that multiple or recurrent tumors are the result of intraepithelial 
migration of cells of the same clone. In spite of molecular evidence, this theory cannot be 
sustained. There is no evidence whatever that urothelial cells, bound to each other by 
desmosomes, would undertake a perilous journey across long distances to settle in a different 
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portion of the bladder epithelium and produce another papillary tumor. It is more likely that 
identical molecular abnormalities may affect cells in various segments of the bladder at different 
times as a result of a “field change” induced by carcinogens. For further discussion of 
molecular biology of urothelial tumors, see below. 

Symptoms 

The thin and delicate branches of the papillary tumor break easily, leading to the principal 
symptom of papillary tumors, hematuria. The bleeding is often intermittent, with episodes of 
hematuria occurring sporadically at the time of voiding. Hematuria may be significant, resulting 
in grossly bloody urine, or it may be relatively minor, resulting in microhematuria (for discussion 
of the significance of microhematuria, see Chap. 22). Hematuria may be associated with other 
symptoms such as dysuria and frequency of urination. 

Precursor Lesions: Urothelial Hyperplasia 

Papillary tumors are derived from thickened urothelium, composed of more than the 
normal seven layers of cells 
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without nuclear abnormalities, a condition known as hyperplasia. The thickness of the 
urothelium may be quite variable, ranging from a slight increase to 20 layers of cells or 
more. The hyperplastic epithelium is well differentiated and its surface is usually formed by 
umbrella cells (Fig. 23-2C). There are two morphologically identical types of hyperplasia: 




Figure 23-2 Papillary tumors of bladder. A Atypical papillary tumor with thin branches 
carrying capillary vessels. B. Sessile papillary tumor in whole bladder mount. C. 
Hyperplasia of urothelium. Note the increased number of epithelial layers and absence of 
nuclear abnormalities. D. Incipient papillary tumor. The presence of a capillary vessel 
within the hyperplastic epithelium is the cardinal event. (B: Case courtesy of Dr. Rolf 
Schade, Birmingham, UK.) 



1349/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, SOi-BaLimors of the Urinary Tract in Urine and Brushings 



■ Reactive hyperplasia 

■ Neoplastic hyperplasia 

Reactive hyperplasia may occur in inflammatory or reactive processes or as a 
consequence of an underlying space-occupying lesion. Neoplastic hyperplasia may be the 
source of well-differentiated, low-grade papillary tumors and was shown in experimental 
systems by Koss and Lavin (1971), Koss (1977) and more recently in transgenic mice by Zhang 
et al (2001). Because the two types of hyperplasia cannot be distinguished from each 
other morphologically, the diagnosis depends on the environment in which this change 
occurs. Neoplastic hyperplasia often contains branches of submucosal vessels that 
provide the blood supply and stalk of the growing tumor (Fig. 23-2D). This interplay between 
mucosal thickening and vascular proliferation is an essential sequence of events in 
papillary tumors. There are no molecular-biologic data explaining this phenomenon, but it may 
be speculated that a combination of angiogenesis and a defect in the epithelial adhesion 
molecules must combine to form these tumors. Taylor et al (1996) also considered 
urothelial hyperplasia as a precursor lesion of papillary tumors. Urothelial hyperplasia cannot 
be identified cytologically. 

Histologic Grading of Papillary Tumors 

In 1922, Broders, of the Mayo Clinic, observed that the behavior of papillary tumors of the 
bladder depended significantly on the morphologic make-up of their epithelium and 
introduced the concept of tumor grading. The current prevailing system of histologic 
grading is summarized 
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in Table 23-2 (Koss, 1975, 1995, Epstein et al, 1998). The grading is based on the degree 
of epithelial abnormality. 



TABLE 23-2 CLASSIFICATION AND GRADING OF PAPILLARY TUMORS OF THE 

BLADDER* 

Number of 





Epithelial 
Cell Layers 


Superficial 

Cells 


Nuclear 

Enlargement 


Abnormalities 

Hyperchromasia 


Papilloma 


No more 
than 7 


Present, 

albeit 

small 


Not 

significant 


Absent 


Papillary tumors 
grade 1 (papillary 
neoplasm of low 
malignant potential) 


More than 
7 


Usually 

present, 

albeit 

small 


Slight to 
moderate 


Slight in 
occasional cell 


Papillary carcinoma 


More than 


Variable 


Moderate to 


Slight to 
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grade II (papillary 
carcinoma, low 
grade) 


7, usually 

marked 

increase 




marked 


moderate in 25- 
50% of cells 


Papillary carcinoma 
grade III 


More than 
7, often 
marked 
increase 


Usually 

absent 


Marked; 
extreme 
variability of 
sizes 


Marked in 50% 
or more of cells 



Note: In practice, it may prove difficult to fit any given case into this classification. 
Intermediate classifications such as l-ll or ll-lll have been used. For all intents and 
purposes, a separation of tumors grade III from tumors grade IV is not warranted 
biologically and both groups can be considered as one. 

Modified from Koss LG. Tumors of the Urinary Bladder. Atlas of Tumor Pathology, 2nd 
series, Fascicle 11. Washington, D.C., Armed Forces Institute of Pathology, 1975, 
WHO recommended terminology (1998). 



Low-Grade Tumors 

Papillomas and low-grade papillary tumors (papillary tumors of low malignant potential 
or grade I papillary tumors) share in common an orderly epithelium of variable thickness 
that shows either no deviation or only minor deviation from normal urothelium. The size 
of the cells increases toward the surface, which is usually composed of umbrella cells 
(Fig. 23-3A,B). The difference between these two entities are relatively trivial: in papillomas, 
the thickness of the epithelium is within the normal seven-layer limit and there are no 
nuclear abnormalities. In the papillary tumors of “low malignant potential,” the 
epithelial lining is somewhat thicker and less orderly, but umbrella cells are usually 
present on the surface. Although most nuclei are within normal limits, occasional 
enlarged and hyperchromatic nuclei may be present, particularly in grade I tumors. 
Mitoses are infrequent. 

Because of rarity of progression to invasive cancer, the term “carcinoma” should not 
be used in reference to this group of papillary tumors. Pich et al (2001) reported that 
papillary tumors of low malignant potential have a lower proliferation rate, lower expression of 
p53, and lower recurrence rate than tumors classified as low-grade papillary carcinomas. These 
differences are not reflected in the morphology of these tumors. 

Papillary tumors may contain mucus-producing goblet cells in their lining. Papillomas of 
squamoid type may contain squamous “pearls” (see below). 

High-Grade Tumors (Grades II and III) 

Papillary tumors of higher grades show significant cytologic abnormalities of the epithelial 
lining. Many of these tumors are broad-based or sessile and are lined by an epithelium 
that is usually composed of an increased number of layers of medium-sized cells that 
are arranged in a less orderly fashion and show a limited tendency to surface 
maturation (formation of umbrella cells) than the urothelium of low-grade tumors (Fig. 
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23-3C). Such tumors always show nuclear abnormalities in the form of 
hyperchromasia, variability in nuclear sizes, and mitotic activity. These tumors are 
usually referred to as papillary carcinomas, subdivided into grades II and III. 

Papillary carcinomas of high grade (grade III) are characterized by an epithelium 
composed of highly abnormal cells of variable sizes with major nuclear abnormalities, 
readily recognized as cancer cells. Mitoses, often abnormal, are frequently observed 

(Fig. 23-3D). In some of these tumors, the make-up of the epithelium may be identical to flat 
carcinomas in situ, described below. 

The common papillary carcinomas grade II are intermediate between the tumors grade I and 
tumors grade III. Although retaining the fundamental structure of the urothelium, they 
show varying degrees of epithelial maturation and nuclear abnormalities that may be 
distributed throughout the epithelium or limited to patchy areas. 

In practice, it is not unusual to observe tumors with a mixture of patterns side by side. 

Thus, combined grades of classification may have to be used, such as grade l-ll, ll-lll, etc., 
often combined with a descriptive comment. The problems of precise grading and, accordingly, 
behavior and prognosis of papillary tumors, particularly of the intermediate grade II, have led to 
several methods of objective analysis. There is evidence that the grade II tumors may be 
separated into two prognostic groups according to their DNA content, which may be 
within normal or diploid range, or abnormal (aneuploid), a feature that may play a major 
role in clinical behavior and cytologic recognition of these tumors (see below). 
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Figure 23-3 Papillary tumors of bladder, various grades. A Papilloma, low power view. 
The somewhat thickened epithelium shows no nuclear abnormalities whatever. B. Papillary 
tumor, grade I (tumor of low malignant potential). The epithelium, although orderly, shows 
slight nuclear enlargement. C. Papillary carcinoma, grade II. The surface epithelium of this 
tumor shows significant nuclear enlargement, hyperchromasia, and mitotic activity. D. 
Papillary tumor, grade III or IV. The epithelium lining the tumor is composed of cancerous 
cells. 
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Papillary Tumors and Pseudoinvasion of Bladder Wall 

Many papillary tumors, regardless of grade, may have roots extending into the lamina 
propria of the urothelium in the form of broad-based bands of cells in continuity with surface of 
urothelium. In my judgment and experience, this extension should not be considered as 
evidence of invasion, so long as there is no splintering of the tumor tissue into individual 
cells (Fig. 23-4). 

Be ha vior Patterns 

Papillary tumors when first seen by a urologist are either single or multiple and are usually 
noninvasive (i.e., they are confined to the urothelium or, at most, extending to the lamina 
propria) and therefore can be treated by simple excision. The term “non-invasive papillary 
tumor” is much more accurate than the term “superficial bladder tumors,” which has 
been extensively used and abused in the literature. For further discussion of this issue, see 
below “tumor staging.” 

Recurrence or New Tumors 

After surgical removal of the primary papillary tumors, new such tumors may be observed in the 
same or other areas of the bladder and much less often, in the ureters or the renal 
pelves. The term, recurrence, which is in common use to describe these events, is 
inaccurate, inasmuch as the original tumors, if carefully removed, do not recur. The new 
tumors may be single or multiple and may be identical to the original tumor or show greater 
degree of epithelial abnormality (see Fig. 23-5). The probability of “recurrence” varies with 
the grade of the tumor: low-grade tumors, such as papillomas or grade I tumors, are less 
likely to be followed by new tumors than are tumors of grade II or III. Recurrent tumors 
are much more common in older patients than in children or adolescents. Abnormal 
expression of cytokeratin, 20 (CK20), normally confined to the superficial cell layers, was 
proposed as a marker for recurrence of papillary tumors (Hamden et al, 1995). However, 

Alsheikh et al (2001) found that the CK20 staining differences between the recurrent and 
nonrecurrent low-grade papillary tumors were statistically not significant. 

Progression of Bladder Tumors to Invasive Cancer 

The progression rate of urothelial papillomas to invasive cancer is extremely low. 

Cheng et al (1999C) confirmed this observation on 52 patients with a very long-term follow-up. 
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The progression rate of the papillary tumors grade I (tumors of low malignant potential) 
is of the order of 3% or less. Cheng et al (1999D) observed only four invasive carcinomas in 
a group of 112 patients with long-term follow up, although 29 patients had recurrent 
noninvasive papillary tumors. Similar observations were reported by McKenney et al (2003). In 
our experience, the invasive tumors in such patients are usually derived from occult carcinomas 
in situ (see below). Richter et al (1997) reported genetic differences between noninvasive and 
superficially invasive grade I tumors. These observations are of theoretical interest only and are 
discussed below. 



1353/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5Si-BaLimors of the Urinary Tract in Urine and Brushings 




Figure 23-4 A Schematic representation of pattern of invasion of papillary tumors. On the 
left, the roots of the tumor are located in the lamina propria. The roots have smooth 
borders and do not indicate invasion. On the right, the pattern of true invasion shows 
spike-like extensions of the tumor into the lamina propria. B. An illustration of an early 
invasion of the lamina propria of the bladder. 



The behavior of grade II papillary carcinomas depends on their DNA ploidy: papillary 
carcinomas grade II with a diploid DNA content have a similar behavior pattern to grade I 
papillary tumors. High-grade papillary tumors, including carcinomas grade II, mainly 
those with abnormal (aneuploid) DNA content, and all carcinomas grade III, progress to 
invasive carcinoma in a substantial proportion of cases, probably not less than 25%. 
Invasive carcinoma may develop directly from sessile higher-grade papillary tumors, but 
it more commonly develops from adjacent areas of cystoscopically invisible urothelial 
abnormality, such as carcinoma in situ and related lesions (see Fig. 23-1 and comments 
below on the derivation of invasive cancer of the bladder). In fact, the prognosis of papillary 
tumors depends not only on the grade of the tumor but also on the level of histologic 
abnormality of the flat urothelium peripheral to the visible lesion (intraepithelial 
urothelial neoplasia), discussed below. It must be stressed that the most invasive and 
metastatic bladder cancers are not derived from papillary lesions but from flat carcinoma 
in situ and related lesions, discussed below. 
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Figure 23-5 Multiple recurrent low-grade papillary tumors in a whole bladder 
mount. Case courtesy of Dr. Rolf Schade, Birmingham, UK. 



Nonpapillary Urothelial Tumors 

Nonpapillary urothelial tumors occur in two forms: invasive carcinoma and its precursor 
lesions, and flat carcinoma in situ and related abnormalities (intraurothelial neoplasia, 
orlUN). 

Invasive Urothelial Carcinomas 
Clinical Presentation and Natural History 

Most invasive cancers of the bladder are discovered “de novo” in patients seen because of 
hematuria, frequency, and other common nonspecific symptoms referable to a dysfunction of 
the bladder. On cystoscopy, either a protruding or an ulcerated lesion is observed. It has now 
been documented that in about 80% of the cases, primary invasive carcinomas of the 
bladder are not preceded by papillary tumors (Brawn, 1982; Kaye and Lange, 1982); 
hence, the conclusion is that most invasive bladder cancers are derived from 
cystoscopically invisible and usually asymptomatic flat lesions, namely carcinoma in 
situ and related abnormalities, discussed below. In approximately 20% of cases of 
invasive carcinoma preceded by papillary tumors, 
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it has been documented, by mapping the urinary bladders, that invasive cancer is usually 

derived not from the papillary tumors but from adjacent epithelial segments showing 
carcinoma in situ or related lesions (Koss et al, 1974, 1977; Koss, 1979) (Fig. 23-6). 
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Figure 23-6 Mapping of urinary bladder, removed surgically because of a very 
large papillary tumor with extension into the lamina propria. Three peripheral foci of 
invasion are surrounded by carcinoma in situ and related abnormalities (dysplasia). 






Figure 23-7 Patterns of invasive cancer of the urinary bladder. A. Urothelial 
carcinoma, grade II. The pattern mimics a papillary tumor. B. Urothelial carcinoma, grade III. 
The tumor is composed of sheets of poorly differentiated cancer cells. C. Squamous 
carcinoma with a pseudosarcomatous reaction. The presence of cancer cells in the loosely 
structured part of the tumor was documented by keratin staining. D. Leather bottle bladder 
showing the presence of signet ring cancer cells in the wall of the bladder. ( D : 

Mucicarmine staining.) 
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Histologic Patterns 

Urothelial carcinomas may show a broad variety of histologic patterns ranging from 
urothelial carcinomas, solid or mimicking papillary tumors, to tumors composed of 
spindle and giant cells, mimicking sarcomas, to highly anaplastic large- and small-cell 
cancers, the latter akin to oat cell carcinoma (Fig. 23-7AB). Other variants of bladder 
cancer, such as squamous carcinomas and adenocarcinomas, may either occur as a focal 
change in urothelial tumors or as a primary tumor type (Fig. 23-7C,D). These variants 
may be recognized in cytologic material and will be discussed separately. Mahadevia et al 
(1989) pointed out that primary and metastatic bladder tumors may induce a 
pseudosarcomatous stromal reaction, mimicking a spindle-cell carcinoma or a sarcoma (Fig. 
23-7C). Other rare variants of urothelial cancer are discussed below. 
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Grading 

Invasive carcinomas of the bladder composed of orderly sheets of cells resembling normal 
urothelium (grade I tumors) are very rare. Virtually all invasive tumors are grade II, III, or 
sometimes IV, depending on the level of architectural and cytologic abnormality. Grade II 
tumors mimic papillary tumors of higher grades and are composed of sheets of relatively 
uniform cancer cells separated from each other by bands of connective tissue. Grade III 
tumors are usually solid and are characterized by variability in the size of cancer cells and 
marked nuclear abnormalities. Grade IV tumors are either composed of large cancer cells, 
spindle and giant cells, or of small cancer cells (small-cell carcinomas). 

Staging 

Assuming competent treatment, the prognosis of invasive cancer of the bladder depends mainly 
on the stage of the disease at discovery and the presence or absence of metastases. The 
diagram in Figure 23-8 shows the principles of staging of bladder tumors. The staging is also 
applicable to tumors of the renal pelvis and ureters, although in these organs, therapeutic 
options are more limited. Tumors with invasion limited to the lamina propria (Stage T|>\) 
fare better than tumors with invasion of the principal bladder muscle (muscularis 
propria). In the assessment of invasion, the muscularis propria should not be confused 
with the thin and incomplete layer of muscle observed in some patients in the lamina 
propria (muscularis mucosae). In practice, tumors invading the main bladder muscle to 
various depth (stages T3 and T4) have a poor prognosis and do not respond well to therapy, 
although there are some exceptions to this rule. 
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Figure 23-8 Modified clinical staging of bladder cancer according to the TNM 
system (top line). It was recognized that there are two types of noninvasive tumors: flat 
carcinoma in situ (TIS) and papillary tumors (Ta). The two entities have unequal prognosis 
inasmuch as most invasive cancers (T2 and T3) are derived from TIS (see text). N 
indicates lymph node metastases to pelvic nodes (N2) and aortic nodes (N4). The 
prognosis of invasive tumors depends on stage. 



The left side of the diagram in Figure 23-8 pertains to noninvasive tumors. After many years, 
the staging system finally recognized the major behavioral and prognostic differences 
between noninvasive papillary tumors, now designated as T a , and flat carcinoma in 
situ, now designated as T|S- Still, even today (in 2004), many urologists (and some 
pathologists) speak of “superficial carcinomas,” without recognizing the major prognostic 
differences between the two entities. The difference is particularly significant from the cytologic 
point of view, as will be set forth below. 

Precursor Lesions of Invasive Urothelial Carcinoma (iUN) 

By far, the most important precursor lesion of invasive urothelial carcinoma is flat 
carcinoma in situ (Schade and Swinney, 1968). However, there are lesser degrees of 
urothelial abnormalities (urothelial atypia, dysplasia) that have been shown to be precursor 
lesions of invasive urothelial tumors. It was proposed (Koss et al, 1985; Koss, 1995) that 
all these flat lesions, including carcinoma in situ, may be conveniently included under 
the term intraurothelial neoplasia (IUN), and subject to grading in a manner similar to 
precancerous epithelial abnormalities of the uterine cervix (CIN) (see Chap. 12). The term has 
been accepted as an alternate to carcinoma in situ and dysplasia in the new WHO 
nomenclature (Epstein et al, 1998; Cina et al, 2001). Three grades of abnormality of the 
urothelium may be distinguished: 
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■ Atypical urothelium (mild dysplasia) or atypical urothelial hyperplasia (UIN I or low- 
grade IUN) 

■ Markedly atypical urothelium (moderate or severe dysplasia) (IUN-II) 

■ Flat carcinoma in situ (UIN-III) 
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■ IUN II and III can be combined as high-grade IUN. 

Flat Carcinoma In Situ (IUN Hi) 

Carcinoma in situ of the bladder was first described as “Bowen's disease” of bladder 
epithelium by Melicow and Hollowell (1952) as a microscopic abnormality of bladder 
epithelium, accompanying visible papillary tumors (Fig. 23-9). For several years, the 
significance of the lesion was not recognized until a major follow-up study of workers exposed 
to a potent carcinogen, p-aminodiphenyl (Melamed et al, 1960; Koss et al, 1965; Koss et al, 
1969). This study documented that clinically occult primary carcinoma in situ, identified in 
the sediment of voided urine because of the presence of cancer cells, is the principal 
precursor lesion of invasive cancer, as confirmed by subsequent studies on the origins of 
primary invasive cancer of the bladder (Brawn, 1982; Kay and Lange, 1982). 

Two forms of carcinoma in situ can be identified: 

■ A primary form, occurring as the initial lesion 

■ A secondary form, accompanying papillary lesions of the bladder (see Figs. 23-9). 

Clinical Presentation 

Carcinoma in situ of the bladder may be completely asymptomatic or may cause 
nonspecific symptoms commonly associated with cystitis or prostatic disease. Carcinoma in 
situ of the urinary bladder cannot be recognized as a tumor on cystoscopic examination. 
The most common visible alteration is redness of the epithelial surface, sometimes 
described as “velvety redness,” caused by inflammatory changes and vascular dilatation in 
the underlying stroma (Fig. 23-10). Other changes may mimic inflammation, cobblestone 
mucosa, interstitial cystitis, etc. However, many carcinomas in situ do not form any 
visible abnormalities at all. The diagnosis of the lesion depends, therefore, on either 
recognition of cancer cells in the urinary sediment or a fortuitous biopsy of the 
urothelium. 
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a papillary tumor (small arrow, B) and grossly invisible carcinoma in situ (large arrow, C). 

(Case courtesy Dr. Rolf Schade, Birmingham, UK.) 



Histology 

In its classical form, flat carcinoma in situ is recognized histologically as an abnormality of the 
urothelium composed of cancer cells throughout its thickness. The thickness of the 
cancerous epithelium is variable: some carcinomas in situ are composed of only three or 
four layers of cells, whereas others may be composed of 15 or even more layers of cells. 

The cancer cells may vary in size from large to very small, corresponding to cell sizes 
observed in various forms of invasive urothelial carcinoma and the size of the cancer cells in 
the urinary sediment (Fig. 23-11 A; see also Figs. 23-9D and 23-1 OC). The epithelium may 
sometimes show differentiation in the superficial layers and the presence of umbrella 
cells on the surface. Such lesions were sometimes referred to as “dysplasia” but in our 
experience, 
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the diagnosis of carcinoma in situ can be established even if the malignant cells are 
confined to three or four basal layers of the epithelium. We also observed a case of 
carcinoma in situ of the bladder composed of large cancer cells with eosinophilic cytoplasm, 
resembling oncocytes. Extension of carcinoma in situ into the nests of von Brunn should 
not be considered as evidence of invasion (Fig. 23-11 A). 





Figure 23-10 Bladder removed by radical cystectomy for extensive carcinoma in 
situ. A The gross appearance of the bladder with markedly reddened epithelium. B. 
Mapping of the bladder showing one focus of occult invasive carcinoma. C. Histologic 
appearance of carcinoma in situ lining much of the bladder surface. D. The focus of 
unexpected superficial invasive carcinoma. The patient remained free of disease for 10 
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years after cystectomy. 



Another form of carcinoma in situ may mimic Paget's disease (Fig. 23-1 ID) and is 
characterized by the presence of large cancer cells with clear cytoplasm within a relatively 
unremarkable epithelium (Koss, 1975; Yamada et al, 1984). It is of note that the pattern of 
Paget's disease is repeated in the epithelia of the vulva, vagina, and penis in metastatic 
urothelial carcinoma to these organs. Dr. Melamed observed a case of carcinoma in situ of 
the bladder infiltrated by large macrophages, mimicking Paget's disease. 

Because the cancerous epithelium is fragile, sometimes only the frayed remains of bottom 
layers may be observed in the biopsy (Fig. 23-1 1C). The term “denuding cystitis” (Elliot 
et al, 1973) or, more recently, “clinging variant of carcinoma in situ” has been proposed to 
describe this phenomenon (Epstein et al, 1998). McKenney et al (2003) provided a 
comprehensive review of histologic patterns of urothelial carcinoma in situ. 

Carcinoma in situ may be multicentric and involve several areas of the urothelium. As 
documented by biopsies of workers exposed to carcinogens, these lesions were most often 
observed in the floor of the bladder (the trigone area), including the periureteral areas, 
followed by bladder neck. The posterior and lateral walls of the 
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bladder were next in frequency of involvement. The anterior wall or the dome were rarely 
involved. Cheng et al (2000A) confirmed that the trigone of the bladder was most often affected. 




Figure 23-11 Various forms of carcinoma in situ. A Lesion composed of large cells 
extending to nests of Brunn. B. Lesion composed of medium-sized cells. C. Lesion showing 
residual small cancer cells attached to the surface of the bladder (“clinging type”). D. 
Pagetoid type of carcinoma in situ with numerous clear cells in the epithelium. 



Carcinoma in situ may extend to the distal ureters and the urethra in both female and 
male patients (De Paepe et al, 1990; see Fig. 23-22). An extension of carcinoma in situ of 
the bladder into the prostatic ducts is an important complication of this disease (see 
Fig. 23-24). This was observed in 9 of 20 cystectomy specimens with high-grade 
urothelial cancer studied by complete mapping by Mahadevia et al (1986). This observation 
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has a major impact on treatment options because the tumor in the prostatic ducts is 
not accessible to and does not respond to immunotherapy with bacillus Calmette- 
Guerin (BCG). 

Behavior 

The most important property of flat carcinoma in situ is its progression to invasive 
carcinoma. The invasion into lamina propria usually occurs in the form of broad bands, sharp 
tongues, or single cancer cells (see Fig. 23-10). Because invasion occurs from the deeper 
portions of the cancerous epithelium, it may completely escape the attention of the urologist, 
even in patients under close surveillance. The rate of progression of untreated carcinoma 
in situ to invasive cancer is about 60% in 5 years (summary in Koss, 1975). Similar 
observations were reported by Utz et al (1970), Schade and Swinney (1973), and Farrow et al 
(1977). In a recent paper from the Mayo Clinic, 15-year survival of 138 patients with this 
disease was reported to be below 50%, even though 41 patients received immediate and 34 
delayed cystectomy (Cheng et al, 1999A). Most patients died of invasive and metastatic 
urothelial carcinoma. 

Transit Time of Fiat Carcinoma in Situ to invasive Cancer 

Follow-up data obtained on industrial workers and narrated below suggested that progression 
of carcinoma in situ to invasive cancer can be rapid in some patients and occur within 
2 years after discovery. In other patients, however, the progression took up to 12 years (Table 
23-3). These data were similar to those reported by Melamed et al (1964), which pertained to 
patients without carcinogen exposure seen at the Memorial and James Ewing Hospitals (Fig. 

23-12). Additional data on several personally observed patients with sessile carcinoma in situ of 
the bladder, occurring ab initio, support the view that from 2 to 7 years elapse from the time 
of initial cytologic observation until the development of invasive urothelial carcinoma. 

Cheng et al (1999A) reported that the mean time interval for progression from carcinoma in situ 
to invasive cancer was 5 years. These data confirm that urothelial carcinoma in situ of 
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the bladder is a life-threatening disease capable of progression to invasive cancer 
within a relatively short period of time. 



TABLE 23-3 DURATION OF SUSPICIOUS OR POSITIVE CYTOLOGY UNTIL 
HISTOLOGIC PROOF OF CARCINOMA - COMPARISON OF DATA FROM 1969 AND 

1965 







1969 




1965 


Duration 


Prior 

carcinoma 


No prior 
carcinoma 


Prior 

carcinoma 


No prior 
carcinoma 


<1 yr 


1 


6 


0 


0 


12-20 mo 


0 


2 


* 

2 


1 
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21-32 mo 



33-38 mo 



50 mo 



60 mo 



77 mo 



Total (26 
patients) 



12 



(Koss LG, et al. Further cytologic and histologic studies of bladder lesions in workers 
exposed to para-aminodiphenyl: progress report. JNCI 43:233-243, 1969.) 



One patient with papilloma only. 



Prout et al (1983, 1987) suggested that there were differences in behavior of primary 
carcinoma in situ when compared with the secondary lesions of this type, preceded by 
or accompanying papillary tumors. These authors claimed that the progression of the 
“secondary” carcinoma in situ to invasive cancer is less likely to occur. However, in our 
experience, the difference, if any, is not significant, as documented in Figure 23-12. 




Time (Months) 



Figure 23-12 Follow-up study of a group of patients with secondary flat carcinoma 
in situ, conservatively treated. There was no history of carcinogen exposure in any of 
these patients. The black arrows indicate the time of diagnosis of invasive carcinoma. 
(From Melamed MR, et al. Natural history and clinical behavior of in situ carcinoma of the 
human urinary bladder. Cancer 17:1533-1545, 1964.) 



The principal features of carcinoma in situ of the urinary bladder are summarized in 
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Table 23-4. The therapy of these lesions is discussed in the closing pages of this chapter. 

Urothelial Atypia or Atypical Urothelial Hyperplasia (UIN-I or Low-Grade IUN) 

As shown in Figure 23-1 3A the nuclei of urothelial cells show moderate nuclear 
enlargement, but no significant hyperchromasia. This epithelial abnormality is often 
associated with, and may be, a precursor lesion of papillary 
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tumors, but its exact prospective significance is not fully known. I have not seen an invasive 
cancer derived from this level of urothelial abnormality. In cytologic samples, slight atypia of 
urothelial cells, rarely of diagnostic significance, may be observed in the presence of 
this lesion. 



TABLE 23-4 CHARACTERISTICS OF NONPAPILLARY CARCINOMA IN SITU OF THE 

BLADDER 

• The lesion cannot be recognized cystoscopically as a tumor. 

• Cystoscopic abnormalities may mimic inflammation; “velvety redness,” “cobblestone 
epithelium,” or “interstitial cystitis” were recorded. In other cases there are no 
cystoscopic abnormalities whatever. 

• The lesion may extend into the ureters. 

• In males, the lesion often extends into the prostatic ducts and the penile urethra. 

• Because the lesion produces only nonspecific symptoms or may be asymptomatic, 
its diagnosis is based either on cytology of voided urine or on incidental biopsies of 
bladder epithelium. 

• If untreated, carcinoma in situ will progress to invasive carcinoma in at least 60% of 
all patients within 5 years. 



Markedly Atypical Urothelial Hyperplasia (Dysplasia, IUN-II, High-Grade IUN) 

As shown in Figure 23-1 3B, the urothelium shows markedly abnormal, enlarged and 
hyperchromatic nuclei. Although the degree of abnormality is perhaps somewhat less 
than in classic carcinoma in situ (see Fig. 23-11), the morphologic separation of the two 
lesions is highly subjective. This type of lesion has been designated as “dysplasia” 
(Murphy and Soloway, 1982) or “carcinoma in situ, grade II” (Mostofi, 1979). The lesion was 
recently shown to have similar proliferative index and expression of p53 gene as classical 
carcinoma in situ (Cina et al, 2001). 

In my experience, this lesion is equivalent in its biologic behavior to carcinoma in situ 

(Fig. 23-1 3C,D) in that it has a high potential for progression to invasive cancer, an observation 
confirmed by others (Wolf and Hjogaard, 1983; Harving et al, 1988; Rosenkielde et al, 1988). In 
a more recent study, the progression of primary dysplasia, either to classical carcinoma 
in situ or to invasive cancer, occurred in 7 of 36 patients (Cheng et al, 1999B). These 
lesions cannot be differentiated cytologically from carcinoma in situ. 

Clinical Significance of Intraurothelial Neoplasia 

In 1960, Eisenberg et al noted that the prognosis of papillary tumors of the bladder was 



1364/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 98i-BaLimors of the Urinary Tract in Urine and Brushings 



related to abnormalities in peripheral urothelium adjacent to tumors. In patients with 
atypical peripheral epithelium, the probability of recurrent tumor or invasive cancer was 
significantly greater than in patients with normal urothelium. This casual observation was 
repeatedly confirmed in retrospective studies of bladder tumors by mapping (Koss et al, 1974, 

1977; Koss, 1979) and in a prospective study by Althausen et al (1976), shown in Table 23-5. It 
may be noted that the probability of occurrence of invasive cancer in patients with 
urothelial abnormalities increases with the level of atypia and is very high for patients 
with peripheral carcinoma in situ. 

CYTOLOGY OF TUMORS OF THE BLADDER 

Lessons From Long-Term Follow-Up Study of Industrial Workers Exposed to 
Carcinogens 

The value and the efficacy of urinary tract cytology could be documented during a 12-year 
follow-up of a group of about 500 workers exposed to a potent bladder carcinogen, p- 
aminodiphenyl. Following the example of Crabbe, who initiated cytologic screening of high- 
risk industrial workers in the United Kingdom (summary in Crabbe, 1961), the study was based 
on analysis of cytologic findings in the sediment of voided urine and biopsy 
documentation of urothelial tumors (Melamed et al, 1960; Koss et al, 1965, 1969). In this 
cohort, invasive carcinoma of the bladder developed in about 10% of the workers during the 
follow-up period. 

p-aminodiphenyl is inhaled and the products of its metabolism are excreted in the urine within 
48 to 72 hours after exposure. The initial exposure is usually accompanied by an episode of 
transient hematuria, with a prompt return to normalcy. There is no evidence that either p- 
aminodiphenyl or its metabolites are stored in the body. Hence, it has to be assumed that the 
genetic damage to the cells of the bladder epithelium, of as yet unknown nature, occurs during 
the few hours following exposure, even though it may not manifest itself clinically for many 
years. There appears to be no direct correlation between the amount and length of 
exposure to carcinogens and the development of cancer of the bladder (Koss et al, 

1965). Persons with a casual contact with the carcinogen may develop carcinoma of the 
bladder, whereas numerous others with prolonged contact may remain free of disease for many 
years. Thus, a process of natural selection of an unknown nature protects some people from 
cancer of the bladder, even under most unfavorable conditions. 

Following the initial effects of exposure to carcinogens, there was a period of clinical 
normalcy of unpredictable duration, often lasting as long as 10 to 15 years or more. During this 
period, the cytologic findings in the urinary sediment were normal. Low-grade papillary 
tumors that occurred in some workers as the initial lesion could not be identified in the 
urinary sediment. 

Subsequently, in some of the exposed workers, slight and poorly defined cytologic 
abnormalities were observed in the 
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urinary sediment. The most conspicuous change, limited to a very few cells, was a slight 
enlargement of the nuclei of the urothelial cells, which in an occasional patient was 
associated with slight hyperchromasia, somewhat comparable to the “dyskaryosis” (or 
dysplasia) of squamous cells, observed during the formative stages of cervix cancer (see Chap. 

11). The “dyskaryotic” cells, diagnosed as “atypia,” appeared in the urine intermittently, 
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sometimes over a period of several years. The cystoscopic findings in patients during this stage 
of the disease were essentially negative although, occasionally, an area of redness or “cystitis” 
was observed, which on biopsy, disclosed urothelial hyperplasia with slight nuclear 
abnormalities (see Fig. 23-17). In general, the cytologic findings during this period were not 
predictive of subsequent malignant events. 




Figure 23-13 Intraurothelial neoplasia. Various aspects of precancerous lesions in the 
bladder, commonly referred to as “dysplasia.” A The hyperplastic epithelium is composed 
of cells with enlarged nuclei arranged in a relatively orderly pattern. B. Atypical 
hyperplasia. Scattered nuclear abnormalities are clearly evident within this epithelium. This 
lesion could be equally well diagnosed as carcinoma in situ. C. Atypical epithelium, 
classified as “dysplasia,” which within 24 months led to invasive carcinoma shown in 
Figure 23-1 3D. 



TABLE 23-5 DEVELOPMENT OF INVASIVE BLADDER CANCER IN PATIENTS WITH 
GRADE I OR II PAPILLARY TUMORS WITHIN 5 YEARS, ACCORDING TO STATUS OF 

PERIPHERAL EPITHELIUM 

Status of Peripheral No. Development of Invasive Cancer No. 

Epithelium Patients Patients (%) 



Normal 


41 


3 


7 


Atypia 


25 


9 


36 


Carcinoma in situ 


12 


10 


83 


TOTAL 


78 


22 
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(Althausen AF, et al. Non-invasive papillary carcinoma of the bladder associated with 
carcinoma in situ. J Urol 116:575-580, 1976, with permission.) 



The Stage of Positive Cytology 

After an unpredictably long period of either negative cytologic findings or slight cytologic 
abnormalities, there followed a period of clearly positive cytologic findings, associated with 

papillary or nonpapillary high-grade bladder cancer or with flat carcinoma in situ. In 
most patients, the appearance of the cancer cells was sudden, suggesting that the 
development of high-grade malignant lesions in 
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the bladder is not necessarily preceded by diagnosable precursor stages. During this 
study, which was conducted many years ago with a group of general urologists, it proved 
difficult to obtain the biopsy confirmation of carcinoma in situ, particularly because many 
patients harboring this deadly disease were asymptomatic and their bladders showed no 
evidence of tumor on cystoscopy. Still, in many patients, biopsies were obtained and confirmed 
the presence of carcinoma in situ. This study documented that cytology of voided urine is 
most useful in the discovery of high-grade urothelial tumors and notably flat carcinoma 
in situ of the bladder (Melamed et al, 1960). Schulte et al (1986) and Crosby et al (1991) 
made fundamentally similar observations on a cohort of workers exposed to /?-naphthylamine 
and benzidine. 

Progression to invasive Carcinoma 

The follow-up studies on workers exposed to p-aminodiphenyl permitted the accumulation of 
data pertaining to the duration of the stage of carcinoma in situ, as diagnosed 
cytologically. In this group of patients, treatment was usually not instituted before the 
appearance of a clinically identifiable tumor. This experience is summarized in Table 23-3. At 
the conclusion of this study in 1970, there were 13 histologically documented instances of 
primary nonpapillary carcinoma in situ. In 7 of these patients, invasive carcinoma developed 
within 1 or 2 years after the initial cytologic diagnosis. The longest time interval observed was 
12 years (Koss et al, 1969). These data confirmed that urinary cytology is most useful in 
the discovery of precursor lesions of invasive cancer, notably flat carcinoma in situ, 
but has limited value in the diagnosis of urothelial abnormalities preceding this lesion. 

Comparison of Precancerous Events in the Bladder with the Uterine Cervix 
The genesis of human bladder cancer may be compared with the processes within the human 
cervix, the only organ that has had the benefit of similar sustained investigative attention. In the 
cervix, there is usually clear cut-evidence of cytologic abnormalities prior to the development of 
high-grade lesions (see Chap. 11). In the urinary bladder, cytologic abnormalities preceding 
carcinoma in situ were either absent, or at best, not well defined and intermittent. Thus, the 
option of early cancer prevention, which is paramount in cytologic screening for 
cancer of the uterine cervix is, at best, slight for the urinary bladder and limited to the 
discovery of carcinoma in situ and related lesions that are dangerous to the patient. 

Although progression or regressions of high-grade cervical lesions may occur, the regression of 
untreated carcinoma in situ of the bladder appears to be extremely rare. Another major 
difference between the cervix and the bladder is the time lapse between the 
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occurrence of carcinoma in situ and its progression to invasive carcinoma: this 
appears to be considerably shorter for the urinary bladder. 

Urothelial Tumors 

Targets of Cytologic Investigation 

The success or failure of cytologic investigations of the urothelial tumors of the bladder, 
ureters, or the renal pelves depends on morphology of the lesion. Thus, simple 
hyperplasias and low-grade papillary urothelial tumors that are characterized by either 
normal urothelium or by a urothelium with only slight and focal nuclear abnormalities, 
cannot be identified in cytologic material with any degree of certainty unless one is 
willing to assume responsibility for a large number of false-positive alarms. Cytology 
of the urinary tract is useful only in the identification of tumors or conditions that are 
associated with perceptible morphologic abnormalities of cells, hence, tumors of high- 
grade, with emphasis on flat carcinoma in situ and related lesions. 

Thus, the primary areas of application of cytologic techniques to the urinary tract are: 

■ Detection and diagnosis of high-grade urothelial tumors 

■ Monitoring of patients after treatment for neoplastic lesions of the lower urinary 
tract, regardless of type or grade, because of risk for development of new high- 
grade lesions 

■ Under special circumstances, monitoring of high-risk, asymptomatic industrial 
workers exposed to known carcinogens. The benefits of this approach are 
discussed further in this chapter. 

Some caveats. 

The cytologic diagnosis of neoplastic urothelial lesions is difficult. Some of the reasons for the 
diagnostic problems, already discussed in Chapter 22, are repeated here: 

■ The recognition of limitations of cytology of the urinary tract in the diagnosis of low-grade 
papillary tumors, by avoiding mistakes in the interpretation of benign cell changes, 
particularly those induced by inflammation, instrumentation, or lithiasis (stones) 

■ Mistakes in the interpretation of polyomavirus-infected cells for cancer cells 

■ Mistakes in the interpretation of cell abnormalities induced by or associated with therapy 

Because the accuracy of the diagnosis relies often on subtle cytologic abnormalities, 
impeccable technical processing of samples is essential, as discussed in Chapters 22 and 
44. 

Urothelial Cancer Cells 

The appearance of urothelial cancer cells differs somewhat according to the medium of 
diagnosis, voided urine or bladder barbotage. 

Voided Urine 

Depending on tumor type and grade, the urothelial cancer cells vary in size and may be 
equal to, smaller, or larger than normal urothelial cells. In voided urine, the cancer cells 
occur singly or in small, loosely structured clusters. Large 
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aggregates of cancer cells are very uncommon, although they occur in specimens processed 
by the ThinPrep method. 

The configuration of cancer cells is variable. Most of them are approximately spherical 
or oval with an irregular outline, but elongated or bizarre cell shapes have been observed, 
particularly in high-grade tumors. Columnar cancer cells and large multinucleated cells 
mimicking umbrella cells may be observed. The cytoplasm is usually basophilic and in 
well-preserved cells, has sharp borders; however, cells in voided urine are often poorly 
preserved and the cytoplasm is frayed. Cells with eosinophilic cytoplasm may occur, 
particularly if there is a squamous component to the tumor. Cytoplasmic vacuoles and 
nonspecific red inclusions are sometimes observed (Fig. 23-14). 

The nuclei of cancer cells are, as a rule, large for cell size and therefore there is a 
conspicuous change in the nucleocytoplasmic ratio in favor of the nuclei. The nuclei are 
typically of irregular, abnormal shape, although some are approximately spherical or oval, 
sometimes showing small peripheral protrusions on close inspection. The most important 
nuclear abnormality in urothelial cancer is hyperchromasia caused by abnormal 
nuclear texture: the chromatin is arranged in large, coarse, tightly packed or 
superimposed granules, rendering the nucleus dark and nontransparent (Fig. 23-15). 

This is in marked contrast with benign cells, which have a finely textured “salt- 
andpepper” appearance due to small chromatin granules, separated from each other 
by areas of translucent nucleoplasms (Fig. 23-1 5A-G). Practically speaking, one can “see 
through” a normal nucleus but not through the nucleus of a cancer cell. In high-grade tumors, 
abnormal mitotic figures are fairly common in the sediment (Fig. 23-1 5H). Multiple and 
large nucleoli may occasionally be present, particularly in flat carcinoma in situ and in 
invasive cancer, but they are much more difficult to see in voided urine than in 
barbotage specimens, because of the marked nuclear hyperchromasia (Fig. 23-1 5G). 




Figure 23-14 Cancer cells in urinary sediment. A Several large cancer cells with very 
large, coarsely granulated, irregularly shaped nuclei. B. Cancer cells, appearing singly and 
in clusters, in voided urine sediment (ThinPrep). C. Invasive carcinoma corresponding to 
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the smear shown in B. D. Small cell urothelial carcinoma in urinary sediment. (A oil 
immersion.) 



Except for the cells mimicking umbrella cells, we have not observed any cancer cell types that 
could be considered typical or unique of urothelial carcinoma. Although bizarre cell forms may 
occur in high-grade tumors, we have not observed in voided urine, the elongated cells with 
long cytoplasmic processes with either bulbous or flattened ends (“fish tail” or 
“cercariform cells”) that were described as characteristic of metastatic urothelial 
cancer in aspirated samples (Johnson and Kini, 1993; Powers and Elbadawi, 1995; 

Renshaw and Madge, 1997; Hida and Gupta, 1999). It is possible that these authors classified 
the common columnar-shaped cancer cells, such as shown in Figure 23-1 5D, as “cercariform 
cells.” 
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Figure 23-15 Oil immersion photographs comparing benign urothelial cell shown in 
A with cancer cells shown in B-H. The differences in the nuclear structure are evident: the 
nuclei of cancer cells are significantly larger, coarsely granular, and show slight 
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irregularities of contour. The cell in D has a columnar configuration. This is a common 
finding in bladder cancer. E Shows a binucleated cancer cell. F. Shows a cancer cell with 
eosinophilic cytoplasmic inclusions. G. Cancer cell with prominent nucleoli. H. An abnormal 
mitotic figure. 
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Differential Diagnosis 

Perhaps the most important points of differential diagnosis of urothelial cancer are urothelial 
cells infected with polyomaviruses that show large, homogeneous, basophilic nuclear 
inclusions. As discussed at length in Chapter 22, such cells are readily confused with cancer 
cells. We observed that in some specimens processed by reverse filtration (ThinPrep), the 
inclusions can be fractured. Other potential sources of error include the uncommon pyknosis 
of normal nuclei, nuclear changes in lithiasis, and in nuclear abnormalities induced by 
treatment, all discussed in Chapter 22. Errors can be avoided if the high nucleocytoplasmic 
ratio and the granularity of the hyperchromatic nuclei, such as shown in Figure 23-15, are 
considered essential criteria of diagnosis of urothelial cancer in well-preserved single cells. 

Based on the degree of cell abnormalities and cell size in voided urine sediment, Bergkvist et al 
(1965) performed grading of urothelial bladder tumors and claimed high level of prognostic 
accuracy. Tumors with smaller cancer cells were considered to be of a higher grade than 
tumors with larger cells. This concept has received support from Esposti and Zajicek (1972) 
and Suprun and Bitterman (1975) but was not universally accepted and was replaced by image 
analysis and flow cytometry (see below). 







Figure 23-16 Various forms of atypia of urothelial cells in voided urine sediment, 
not diagnostic of cancer. A,B. Small clusters of urothelial cells with slight nuclear 
enlargement and hyperchromasia observed in the presence of lithiasis. C,D. Bladder 
lavage showing clusters of urothelial cells with slightly enlarged hyperchromatic nuclei. The 
bladder biopsies disclosed focal hyperplasia but no evidence of tumor in this patient. 
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Bladder Barbotage (Washings) 

For description of technique of bladder barbotage, see Chapter 22. In this type of material, all 
cells, including cancer cells, are usually better preserved than in voided urine and their 
cytoplasm is more likely to be intact. The general features of cancer cells described above, that 

is, variability in size and configuration and altered nucleocytoplasmic ratio, are evident. 

The nuclear texture is also altered but the degree of nuclear hyperchromasia is usually 
less than in voided urine and the nuclei are more transparent. Conspicuous, large, 
irregular, and sometimes multiple nucleoli are much more common in cancer cells in 
bladder barbotage than in voided urine (Fig. 23-1 5G). A word of caution is necessary: in 
specimens processed by a proprietary procedure known as ThinPrep, the chromocenters in 
normal urothelial cells, particularly the umbrella cells, may stain pink and may mimic 
nucleoli. Experience with this technique is necessary to avoid errors of interpretation. 

Scanning Electron Microscopy of Urothelial Cancer Cells 

Jacobs et al reported in 1976, the results of scanning electron microscopy of cell surfaces in 
experimental bladder cancer. The presence of irregular surface microvilli may be observed 

P.797 

during the early stages of carcinogenesis. The applicability of this method to the human urinary 
sediment was tested in our laboratories (Domagala et al, 1979). The studies disclosed poor 
preservation of many urothelial cancer cells with loss of surface structure. Some, but not all, of 
the better-preserved cancer cells had numerous surface microvilli of uneven length 
and configuration, similar to those observed in cancer cells in effusion (see Chap. 26). By 
contrast, the surfaces of benign urothelial and some squamous cells showed only sparse 
microvilli of fairly regular configuration. This method is theoretically of diagnostic value but it is 
too costly and time consuming to be applicable to the practice of cytopathology. 

Atypical Urothelial Cells 

Atypical urothelial cells are a common finding, particularly in voided urine and bladder 
barbotage, in inflammatory conditions, lithiasis, systemic therapy with alkylating 
drugs, or intravesical therapy, and may also occur in urothelial tumors of all grades. The 
atypical cells are usually small, show nuclear enlargement with a slight change in the 
nucleocytoplasmic ratio and a slight to moderate increase in nuclear hyperchromasia, 
usually below the level of hyperchromasia and granularity of chromatin associated with obvious 
cancer (Fig. 23-16). Mitotic figures may be present (Fig. 23-16B, arrow). The term “dysplastic 
cells,” proposed by Murphy (2000) in reference to small urothelial cells with enlarged nuclei, is 
not justified, as it implies a neoplastic event, whereas such cells may occur in a variety of 
benign situations and their origin in a specific epithelial abnormality is impossible to prove, even 
in the presence of a tumor. 
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Figure 23-17 Oil immersion images of cells classified as markedly atypical or 
suspicious. The cells show no significant change in the nucleocytoplasmic ratio. The 
nuclei are generally spherical, although somewhat hyperchromatic and granular. In the 
presence of such cells, a search for a bladder tumor is mandatory. 



The “atypical” urothelial cells may also occur in low-grade tumors, discussed below. In some 
cases, the separation of “atypical” from “suspicious” or outright malignant cells may 
become a matter for a debate that is not easily settled (Fig. 23-17). In such cases, it is important 
to secure a patient's history and cystoscopic findings before formulating a clinical 
recommendation. Usually, the significance of the “atypical” cells will be fairly easily determined. 

Still, in some cases, long-term follow-up and multiple bladder biopsies may be required to rule 
out a neoplastic process. 

In a computerized image analysis study of atypical cells, an attempt was made to determine 
whether the atypical cells originating in benign conditions could be separated from those 
associated with urothelial tumors. Statistical analysis of several computer-generated features 
suggested that the atypical urothelial cells could be divided into two groups, one sharing cell 
features with benign cells and the other with malignant cells (Koss et al, 1977). On subsequent 
microscopic review, the urothelial cells with nuclei of round or oval configuration and only slight 
to moderate increase 
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in hyperchromasia belonged to the first group (ATY-I) whereas cells with irregular configuration 
of cytoplasm and nuclei and greater nuclear hyperchromasia, classed as atypical II (ATY-II) (Fig. 
23-17), were commonly associated with bladder cancer (Koss et al, 1978). Unfortunately, the 
data obtained by a complex computer analysis of cell features were of little value in routine 
microscopic studies of the urinary sediment. 

There is good evidence that the DNAof nuclei of urothelial cells goes hand-in-hand with 
the level of cytologic abnormalities (Koss et al, 1985). Thus, atypical cells with abnormal 
(aneuploid) DNA content may belong to the “possibly malignant” group. The 
application of DNA measurements and other ancillary procedures to the analysis of 
atypical cells is discussed below, but in our view, does not replace morphologic 
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assessment. 

Recognition of Specific Types of Urothelial Tumors in Urinary Sediment 

Papillary Tumors of Low Grade (Papillomas and Grade i Papillary Tumors of 
Low Malignant Potential) 

In the presence of these tumors, the background of the cytologic preparations is usually 
clean and there is rarely any evidence of inflammation or necrosis. Erythrocytes in varying 
numbers are usually present. By definition, these tumors are lined by normal or only slightly 
abnormal, though sometimes thickened, urothelium (see above). Hence, cells derived 
therefrom cannot be identified as malignant. The changes in individual urothelial cells 
are nonspecific and the feature of slight nuclear enlargement, proposed by Murphy (2000) 
as a characteristic of these tumors, is not reliable because such changes may occur under 
a variety of benign circumstances. Further, such atypical cells are more likely to occur in 
papillary carcinomas of low grade (see below). 




Figure 23-18 Various aspects of low-grade papillary tumors (tumors with low 
malignant potential) in voided urine sediment. A,B .A loosely structured cluster of 
urothelial cells with minimal nuclear enlargement and hyperchromasia. C. Comparison 
between two clusters of urothelial cells, one showing normal configuration (left) and one 
showing slight nuclear enlargement and hyperchromasia (right). C. Corresponds to a low- 
grade papillary tumor with slight nuclear enlargement shown in D. (A-C: High 
magnification.) 



It has been suggested that there are some differences in the configuration of cell clusters 
between low-grade papillary tumors and normal urothelium (Kannan and Bose, 1993). It is true 
that the surface of the clusters of normal urothelium is often composed of semilunar umbrella 
cells with smooth surface, as discussed in Chapter 22 and shown in Figure 22-10. However, 
clusters with “ragged borders” may also occur in a variety of benign conditions, such as 
instrumentation, inflammation, or stones (lithiasis) (Fig. 23-1 8A,B). The latter condition, named 
“calculus artifact,” was discussed at length in a study by Kannan and Gupta (1999), who 
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documented the presence of cell clusters 
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with irregular borders and slight level of nuclear atypia in 46 of 65 patients with lithiasis (also 
see discussion of lithiasis in Chap. 22). 

Nasuti et al (2001) studied the frequency of tissue fragments captured on the surfaces of 
filters in 2,553 voided urine sediments. There were 174 patients with bladder biopsies. These 
authors concluded that tissue fragments, particularly of tri-dimensional configuration, 
were more common in patients with urothelial tumors of various grades than in 
negative controls. This has not been our experience. In a similar study of 5,001 urine 
specimens processed by cytocentrifugation, Goldstein et al (1998) failed to observe this 
relationship. Neither paper addressed the issue of instrumentation, such as cystoscopy, that 
may have been the cause of the tissue fragments, particularly in patients suspect of harboring a 
bladder tumor. 

Wolinska et al (1985) systematically compared the findings in voided urine sediment from 51 
patients known to have low-grade papillary tumors and 30 controls. The material was obtained 
from patients without prior cystoscopy. Except for somewhat increased cellularity and 
occasional presence of atypical cell shapes, such as elongated cells, there were no diagnostic 
findings of note, confirming that the cytologic diagnosis of low-grade papillary tumors 
cannot be reliably established. Similar conclusions have been reached by the Swedish 
investigators, Esposti and Zajicek (1972). Kern (1975), using planimetric studies, confirmed the 
essentially normal configuration of cells derived from such tumors. These observations, and our 
experience, strongly contradict Murphy et al (1984), who claimed that low-grade papillary 
tumors could be identified in 62% of patients, a view that was moderated in Murphy's 
subsequent publication (2000). 

Direct washings or brushings of the urinary bladder contribute little to the diagnosis of low- 
grade papillary tumors. Harris et al (1971) were able to diagnose such lesions only in cell 
blocks of the urinary sediment, wherein biopsy-sized fragments of such tumors were 
observed. However, fragments of urothelium may also occur in spontaneously voided 
urine in the absence of a tumor, particularly after instrumentation (see Fig. 22-10). Within 
recent years, several attempts have been made to revive the matter of cytologic diagnosis of 
low-grade papillary tumors, predictably with conflicting results. Thus, Raab et al (1994), using 
logistic regression analysis of numerous parameters, suggested that irregular nuclear 
borders, increased nucleocytoplasmic ratio, and cytoplasmic homogeneity of urothelial 
cells in bladder washings were highly specific for low-grade tumors. The same group of 
investigators confirmed that the three criteria are valid in ThinPrep preparations with a 
sensitivity of 59% and specificity of 100% (Xin et al, 2003). Although the first two criteria may 
have some value, the “cytoplasmic homogeneity” is puzzling as it is clearly not related to the 
nature of these tumors. Renshaw et al (1996) failed to confirm these observations. Bastacky et 
al (1999) also were unable to recognize cell features characteristic of low-grade lesions. Sack 
et al (1995), in a cohort of 208 patients, recognized low-grade papillary tumors in 11 of 33 such 
patients but also committed an equal number of false-positive errors. Thus, cytology of the 
urinary sediment does not lend itself to the diagnosis of papillary tumors of low grade. 

There are rare exceptions to this rule: the finding of a papillary cluster of urothelial cells 
with a central capillary strongly suggests that the cell cluster represents a broken 
fragment of a papillary tumor (Fig. 23-1 9A). Also, in the rare papillary tumors with a 
dominant squamous component, the cytologic findings can be suggestive of this 
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diagnosis (Fig. 23-1 9B,C). 

On the other hand, if the urinary sediment shows obvious cancer cells and the biopsy discloses 
only a low-grade papillary lesion, the cytologic finding is of great clinical importance: it strongly 
suggests that a high-grade malignant lesion is present in the urinary tract. This may be another 
papillary lesion of high grade or, more often, nonpapillary carcinoma, in situ or invasive, located 
in the bladder, ureters, renal pelvis, or even within the prostatic ducts and the urethra. Every 
effort must be made to localize and evaluate this lesion or lesions, because of their 
ominous prognosis. 

Papillary Tumors of High Grade (Papillary Carcinomas, Grades II and III) 

In the urinary sediment, most of these lesions are characterized by the presence of markedly 
atypical urothelial cells and recognizable cancer cells, occurring singly or in loosely 
structured clusters. The number of single cancer cells increases with tumor grade. There are 
some important differences between the cytologic presentation of papillary tumors grade II and 
tumors grade III. 

Papillary Tumors Grade II (Papillary Carcinomas, Low Grade) 

Not all grade II tumors can be recognized cytologically. In 20 of 68 such tumors studied by 
Koss et al (1985), only benign or somewhat atypical urothelial cells were observed, and 
the diagnosis could not be established (Fig. 23-20). These were most likely grade II tumors 
with a DNA content in the diploid range. In aneuploid papillary tumors, grade II, markedly 
atypical or frankly malignant cells can be recognized, either singly or in small clusters. 

The cancer cells are usually of medium size and rarely show marked abnormalities of 
configuration, as in tumors of higher grade. The performance of cytology in debatable cases 
with “atypical,” but not definitely malignant, cells can be improved by analysis of DNA pattern. 
Abnormal (aneuploid) DNA values are strongly suggestive of a neoplastic event. A number of 
new technological developments are also designed to recognize papillary tumors with negative 
or questionable cytologic presentation, with fluorescent in situ hybridization (FISH) being 
the most secure. These diagnostic options are discussed further on in this chapter. 

Papillary Tumors Grade III (Papillary Carcinomas, High Grade) 

All or nearly all papillary tumors grade III can be identified by cytology. These tumors shed 
cancer cells that are of variable size and configuration (Fig. 23-21 ). The papillary tumors, 
even highly anaplastic, may shed cancer cells in 
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large clusters, sometimes reminiscent of papillary arrangement of cells. However, single 
cancer cells are always present and are usually numerous. The background of smears 
often, but not always, shows evidence of inflammation and necrosis. Under these 
circumstances, it is impossible to determine whether or not a tumor is invasive and the 
variability in size and configuration of cancer cells is not helpful. It must be stressed that in the 
presence of papillary tumors, particularly of high grades, the adjacent or remote 
peripheral urothelium of the bladder may show intraurothelial neoplasia of high grade 
(IUN III, equivalent of atypical hyperplasia or nonpapillary carcinoma in situ) whence 
occult invasion may take place (see Fig. 23-4B). 
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Figure 23-19 Papillary tumor. A. A remarkable example of fragments of papillary tumor 
with a capillary vessel in voided urine sediment. This appearance is diagnostic of a 
papillary tumor. B,C. Histologic and cytologic aspects of a low-grade papillary tumor of the 
bladder with formation of squamous pearls, which were seen in the urinary sediment, 
shown in C. (A-C: High magnification; A courtesy of Dr. June Koizumi, New York Hospital, 
NY.) 



Work-Up of Patients with Papillary Tumors 

Because patients with papillary tumors may also harbor flat neoplastic lesions, which are more 
likely to progress to invasion than papillary lesions, a complete evaluation of patients with 
papillary bladder tumors requires not only a biopsy of the visible lesion, but also an 
evaluation of the remaining urothelium by cytologic examination of voided urine 
sediment and by multiple superficial biopsies of the bladder to rule out the presence 
of a nonpapillary lesion. This recommendation is particularly important if the urinary 
sediment remains positive after resection of visible papillary lesion(s). The 
recommended minimum work-up of such patients calls for cytologic analysis of three voided 
urine samples on three consecutive days for optimization of results. The optimal 
approach to bladder biopsies is described below in reference to flat carcinoma in situ. 

Nonpapillary Urothelial Carcinoma 

Virtually all nonpapillary urothelial cancers, whether invasive or in situ, are made up of clearly 
identifiable cancer cells that can be readily recognized in the urinary sediment. These lesions, 
particularly the nonpapillary carcinoma in situ and related lesions (IUN of high grade), 
are the principal target of cytologic studies of the urinary tract. 

Nonpapillary (Flat) Carcinoma In Situ 

Voided urine sediment is the ideal diagnostic medium for the primary diagnosis of 
nonpapillary carcinoma in situ, whether located in the bladder, the renal pelvis, the 
ureters, or the urethra. Regardless of the method of preparation, the urinary sediment usually 
yields persuasive evidence of cancer, reflecting the poor adhesiveness of cancer cells 
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in the epithelial lesion (Figs. 23-22, 23-23, 23-24 and 23-25). Because the shedding of 
cancer cells is sometimes intermittent, three specimens of voided urine obtained on 
consecutive days are a secure means of diagnosis (Koss et al, 1985, 1995). 

The most common cytologic presentation of flat carcinomas 
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in situ is a fairly monotonous population of medium-sized or small urothelial cancer 
cells, comparable in size to benign urothelial cells from deeper layers of the 
urothelium. The cancer cells usually appear singly, but occasionally form small clusters. 
Occasionally, a few larger or bizarre cells may occur. Regardless of size, the cells have 
an irregular configuration and relatively scanty, usually basophilic cytoplasm, although 
cells with eosinophilic cytoplasms may occur. The nuclei are relatively large, 
hyperchromatic, have an irregular contour and show an abnormal chromatin texture. A 
coarse, filamentous arrangement of the chromatin is especially frequent. Enlarged 
nucleoli are infrequent but may occasionally be noted. Condensation of nuclear chromatin or 
pyknosis is fairly common and, in such nuclei, the arrangement of chromatin cannot be 
studied. 




Figure 23-20 Various aspects of cytologic presentation of a low-grade papillary 
tumor. A Brush specimen showing a cluster of urothelial cells with somewhat enlarged 
and hyperchromatic nuclei that appear to center around a core, possibly muscularis 
mucosae. B,C. Voided urine. The cells show slight enlargement of the nuclei but no 
significant hyperchromasia or change in the nucleocytoplasmic ratio. The papillary tumor 
corresponding to B and C is shown in D. The cytologic diagnosis of tumor in such cases is 
extremely difficult and unreliable. 



In the sediment of about one-third of the patients with flat carcinoma in situ, the 
population of cancer cells is pleomorphic (see Fig. 23-21 C,D). The cancer cells vary in 
size and configuration although their nuclear characteristics are the same. Such smear 
patterns can be separated from patterns of invasive carcinoma only by smear 
background. In the presence of carcinoma in situ, the urine rarely contains more than a few 
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inflammatory cells or erythrocytes, and there is usually little evidence of necrosis, 
whereas marked inflammation and necrosis are commonly observed in invasive 
cancer. Rarely, the cellular aberrations in carcinoma in situ may be so inconspicuous that they 
are interpreted as inflammatory changes, a verdict that is usually contradicted by nuclear 
abnormalities. However, in most patients the diagnosis is obvious, provided that the sources of 
error in the recognition of cancer cells, discussed above, are eliminated. Extension of 
carcinoma in situ to the ureters (Fig. 23-22) or prostatic ducts (Fig. 23-24) does not change the 
smear pattern. 

From our laboratory, Voutsa and Melamed (1963) reported a systematic cytologic study of 20 
patients with urothelial carcinoma in situ of the bladder. This study generally confirmed the 
observations reported above. The cell pattern did not differ whether the lesion was 
primary or secondary to a previously treated tumor of the bladder. These authors 
pointed out that following a biopsy or fulguration, there may be a marked alteration of 
the smear pattern, usually appearing within 24 hours after the procedure and lasting up to 4 
weeks. Ageneral increase in the 
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number of both benign and malignant cells, and occasionally bizarre cell changes 
mimicking radiation changes, were observed following such procedures. 




Figure 23-21 High-grade invasive urothelial cancer of the bladder. A. Irregularly 
shaped bizarre cancer cells, corresponding to the high-grade tumor, shown in B. C. Another 
aspect of urinary sediment in a high-grade carcinoma in situ, shown in D. This tumor was 
invasive elsewhere. 



Boon et al (1986), who studied 13 patients with primary carcinoma in situ and 10 patients with 
secondary carcinoma in situ of the bladder, did not fully agree with the observations recorded 
above. She found preponderantly pleomorphic cancer cells in 21 patients and clusters of 
cancer cells in 19 of the 23 patients. The observed differences may be caused by a different 
patient population and a different technical approach to the study of the urinary sediment. 



1379/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 90i-BaLimors of the Urinary Tract in Urine and Brushings 

Clinical Handling and Confirmatory Biopsy of Carcinoma In Situ 
An unequivocal cytologic diagnosis of urothelial carcinoma in the absence of 
cystoscopic evidence of a bladder tumor is usually diagnostic of a flat carcinoma in 
situ. This diagnosis is often perplexing to the unsuspecting urologist who must be persuaded to 
obtain biopsies of the bladder, even in the total absence of cystoscopic abnormalities. 

Although on rare occasions the cancer cells may reflect a high-grade cancer located in 
the renal pelvis or ureter, it is still necessary in such cases to rule out a bladder lesion 
first. This can be fairly efficiently performed by bladder barbotage that provides a good 
sampling of bladder epithelium with minimal contamination from the upper urinary tract. 

Complete mapping of bladders with carcinoma in situ, as shown in Figure 23-22D, gives 
an excellent idea of the spread of the lesion and often reveals foci of occult invasion. 

For obvious reasons, such mapping is not possible in patients whose bladders have 
not been removed. The closest approximation to mapping is multiple mucosal biopsies 
of the bladder epithelium to localize the disease and define its extent. The biopsies should 
be obtained with a cutting instrument that does not necessitate cauterization of the 
biopsy site. 

Besides biopsies of any visible, however trivial, abnormalities, multiple areas of the 
bladder must be sampled, at least: 

■ The trigone 

■ The anterior, posterior and lateral walls 

■ The dome 

■ In male patients, deep biopsies of the prostatic bed must be obtained to rule out 
extension of urothelial cancer into the prostatic ducts. This is of great clinical 
significance because such patients cannot be effectively treated by immunotherapy, 
unless the prostatic focus of disease is eradicated first. 

Each biopsy should be submitted in a separate, appropriately 
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labeled bottle with fixative, in order to determine the distribution of the lesion and the 
location of occult invasion. 
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Figure 23-22 Urothelial carcinoma in situ. A Voided urine. Small cancer cells with 
hyperchromatic nuclei and clean smear background are characteristic of this lesion (high 
magnification). B. Shows the histologic aspect of the extensive carcinoma in situ. In C, the 
gross appearance of the bladder shows areas of redness. D. The bladder was mapped 
showing several areas of carcinoma in situ extending beyond the area of redness, and also 
an extension of the tumor into the adjacent ureter. (Case courtesy of Dr. Myron R. 

Melamed, New York Medical College, Valhalla, NY.) 



Laboratory Handling of Biopsies From Patients Suspected of Harboring Fiat 
Carcinoma in Situ 

Because the urothelium with a carcinoma in situ is often fragile and readily detached from 
the underlying stroma, it is important to ascertain that all biopsy fragments are processed 
and examined. DeBellis and Schumann (1986) proposed that the liquid fixative in which 
such biopsies are placed should be processed by filtration (or cytocentrifuge), as it may 
often contain small fragments of cancerous epithelium or detached cancer cells. The mere 
absence of the epithelium in a bladder biopsy should raise a suspicion of a carcinoma 
in situ. A search must be initiated in multiple cuts of the biopsies for a few residual attached 
cancer cells, now recognized as the “clinging form of carcinoma in situ.” 

As has been discussed in reference to the natural history of carcinoma of the bladder in 
industrial workers (see above), the cytologic diagnosis of carcinoma in situ may remain 
unconfirmed for many years in the absence of an aggressive approach to bladder 
biopsies. This has been repeatedly observed in patients whose primary clinical problem 
is prostatic disease and whose bladders did not receive the necessary attention. For further 
comments on the relationship of prostatic enlargement to bladder cancer, see comments on 
epidemiology of bladder cancer. 
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Invasive Nonpapiiiary Urothelial Carcinoma 

In the cytologic preparation, there is usually evidence of marked inflammation, bleeding, 
and necrosis. In fully developed cancer, the predominant cancer cells are of variable 
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sizes, of irregular configuration, with scanty cytoplasm and prominent, obviously 
abnormal, hyperchromatic nuclei, similar to cancer cells observed in high-grade papillary 
tumors (see Figs. 23-14 and 23-21). Although most cancer cells have a basophilic cytoplasm, 
the presence of single keratinized cancer cells with eosinophilic cytoplasm is not rare. 

Sometimes, early invasive carcinoma may give a smear pattern identical with carcinoma in 
situ. In some advanced cancers with necrotic surface, the yield of cancer cells may be very low. 




Figure 23-23 Urothelial carcinomas in situ. A Various aspects of small cancer cells in 
the urinary sediment corresponding to the lesion shown in B. The images in /4were 
generated by the Papnet device (with permission of TriPath Imaging, Burlington, NC). C. 
Another example of small cancer cells at high magnification in voided urine from a woman 
older than 30 years with multiple sclerosis and neurogenic bladder, corresponding to the 
lesion shown in D. 



Histologic Variants of Urothelial Carcinoma 
Squamous (Keratinizing) Carcinoma 
Histology and Natural History 

The presence of a focal squamous component in urothelial carcinoma is a common finding. 
Rarely, low-grade papillary tumors may have a squamous component (see Fig. 23- 
19B,C). Also, condylomata acuminata may be mistaken for squamous carcinoma in situ (see 
below). 

Bladder cancers made up predominantly or exclusively of squamous (keratinizing) cell 
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types are less frequent in the Western world than urothelial carcinomas, although they are 
common among patients with Schistosoma hematobium infestation (see Chap. 22 and 
introductory remarks to this chapter). It is generally assumed that such tumors originate 
from areas of squamous metaplasia or leukoplakia, although this cannot always be 
conclusively documented. Squamous carcinomas, like urothelial carcinomas, may be graded 
according to the degree of differentiation (Koss, 1975). The very well-differentiated grade I 
variety, which may mimic verrucous carcinomas of other organs, is notorious for local 
growth and late occurrence of metastases. Patients with this type of bladder cancer, 
particularly common in the presence of Schistosoma, may die of uremia because of 
obstruction of the urinary tract by tumor. 

Squamous cancers of higher grades are fully capable of metastases and may occur not only 
in the bladder but also in the ureters and the renal pelves. 



Cytology 

In most cases, the cytologic presentation of squamous carcinoma of the urothelium closely 
resembles similar lesions of the uterine cervix and bronchus (see Chaps. 12 and 20). The 
tumors shed squamous cancer cells, some of bizarre configuration, with eosinophilic, 
often markedly keratinized cytoplasm. The nuclei are pyknotic and occasionally may be 
totally submerged by keratin formation, with resulting formation of “ghost” cells, not unlike 
those observed in squamous carcinoma of the lung, described in Chapter 20 (Fig. 23-26). 
Clusters of cancer cells are common in bladder washings. Similar cells and tumor fragments 
may be observed in cell block preparations of urinary sediment. 
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Figure 23-24 Cytologic and histologic aspects of a carcinoma in situ with extension 
into the prostatic ducts. A,B. Show scattered small cancer cells with hyperchromatic 
nuclei. C. A representative section of the lesion of the bladder, which was shown by 
mapping to extend into the prostatic ducts, as shown in D. 



1383/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5Si-BaLimors of the Urinary Tract in Urine and Brushings 






B 




Figure 23-25 Carcinoma in situ of bladder in characteristic cytologic presentation. 

The voided urine sediment smears shown in A-C contained a fairly monotonous population 
of small cancer cells against a clean background. The histology of the lesion is shown in 
D. 
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In the very rare squamous papillary urothelial tumors of low grade, concentrically 
arranged squamous cells or “squamous pearls” may occasionally appear in urinary 
sediment (see Fig. 23-26B). Condylomata acuminata of the bladder may mimic the cytologic 
finding in squamous carcinoma (see below). 

In cytologic material from patients with S. haematobium infestation, the presence of blood, 
pus, and necrotic debris may render the diagnosis of squamous bladder cancer very difficult. In 
fortuitous cases, fragments of keratinized epithelium next to exceedingly well- 
differentiated squamous cancer cells may be observed in the urinary sediment (Fig. 23-27). 

In a study performed at Memorial Hospital in New York City on urine sediments mailed in plastic 
bags from Bulawayo, Zimbabwe, the cytologic diagnosis of cancer could be rendered in only 15 
of 29 patients with schistosomiasis and proved cancer of the bladder (Houston et al, 1966). 

Similar observations were made by Dimette (1955) and El-Bolkainy and Chu (1981). 
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Figure 23-26 Squamous carcinoma of bladder. A-C. Cytologic presentation of this 
tumor type in the urinary sediment. In A, the sediment shows mainly anucleated squames 
accompanied by a few squamous cells with essentially normal nuclear features. B. A 
“pearl” of squamous cancer cells. C. Dispersed squamous cancer cells in a background of 
massive inflammation. D. Asquamous carcinoma of the urinary bladder, corresponding to 
A-C. 



In women, the presence of squamous cancer cells in the sediment of voided urine 
may indicate the presence of a neoplastic lesion in the female genital tract. The uterine 
cervix, vagina, or vulva may be the source of such cells. 

Adenocarcinoma 
Histology and Natural History 

Occasional foci of glandular differentiation in urothelial carcinoma are common. These 
focal changes cannot be recognized in cytologic samples. Primary adenocarcinomas may 
occur anywhere in the lower urinary tract, most commonly in the bladder, but occasionally in 
the renal pelvis or the ureter. Risk factors for adenocarcinoma of the lower urinary tract are: 
extensive intestinal metaplasia, extrophic bladders and the benign villous adenoma, a 
polypoid lesion lined by intestinal epithelium, similar to lesions observed in the colon 
(Koss, 1975; Grignon et al, 1991; Cheng et al, 1999; Oliva et al, 2002). Such tumors 
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may also arise in cystitis glandularis and nephrogenic adenomas (see Chap. 22 and 
below). 
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Figure 23-27 Squamous carcinoma of bladder in a patient with schistosomiasis. A 

Massive inflammatory infiltrate is commonly seen in such patients. B. A“pearl” composed 
of squamous cells with nuclear atypia. C. Surface of a tumor composed mainly of 
anucleated squames. D. Wall of the bladder with invasive squamous carcinoma and ova of 
Schistosoma hematobium. 



Adenocarcinomas of the urothelium are predominantly of enteric type. Most such tumors 
closely resemble carcinomas of the colon and may be made up of columnar, mucus- 
producing cells or signet-ring type cancer cells. The signet-ring cell type typically 
diffusely infiltrates the wall of the bladder, resulting in a markedly thickened, rigid bladder 
wall, or leather-bottle bladder (see Fig. 23-7D). Rarely, adenocarcinomas may present with 
mucinuria, characterized by a viscous appearance of the urine. Adenocarcinoma in situ 
of the bladder has been observed (see Fig. 23-29AB) (Koss, 1975). The rarity of primary, 
uncomplicated adenocarcinoma in situ was recently emphasized by Chan and Epstein (2001). 

Nazeer et al (1996) described an adenocarcinoma in situ of endocervical type developing 
in a case of a woman harboring endocervical type glands in the wall of the bladder. 

Bladder adenocarcinomas of clear cell type, resembling vaginal lesions occurring in daughters 
of DES-exposed women (see Chap. 13), may occasionally be observed (Oliva et al, 2002) (see 
Fig. 23-29C, D). Amin et al (1994) described an exceedingly uncommon type of 
adenocarcinoma, resembling ovarian serous carcinoma, and named it micropapillary variant 
of urothelial carcinoma. The prognosis of urothelial adenocarcinoma is stage related but 
generally poor because metastases may occur early in the course of the disease. 

Adenocarcinomas derived from the urachus (remnants of the embryonal omphaloenteric 
duct) arise in the dome of the bladder and along the course of the urachus, terminating at 
the umbilicus. These tumors have no specific histologic features that would permit their 
separation from other adenocarcinomas of the lower urinary tract. A patient reported by Horn et 
al (1990) had an adenocarcinoma with endocrine component. 

Cytology 
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In fortuitous cases, adenocarcinomas can be recognized in the urinary sediment because they 
shed cells resembling those of colonic carcinoma. These are often columnar in 
configuration and have large, hyperchromatic nuclei and vacuolated cytoplasm (Fig. 

23-28AB). Such cells may form clusters that may show a spherical or rosette-like 
arrangement (Fig. 23-28C.D). We were fortunate to have observed a rare case of enteric 
adenocarcinoma in situ of the bladder. Numerous elongated or columnar cancer cells 
have been observed in the smear of the urinary sediment (Fig. 23-29AB). The cells were 
very similar to those 
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of a fully developed adenocarcinoma, shown in Figure 23-28. 




Figure 23-28 Adenocarcinomas of bladder. A Columnar cancer cells with large 
hyperchromatic nuclei are representative of an adenocarcinoma, shown in B. C. A cluster 
of cancer cells, some of which at the periphery, have columnar configuration. D. The well 
differentiated adenocarcinoma corresponding to C. 



Occasionally, somewhat smaller and more spherical cancer cells, with large, peripheral 
nuclei and vacuolated, mucin-containing cytoplasm, resembling signetring type cells 
of intestinal cancer, may be observed. The presence of very small signet ring cells in a 
woman may also indicate a metastatic mammary lobular carcinoma (see below). Neither 
cell type can be differentiated from the cells of metastatic rectal or colonic adenocarcinoma 
discussed below (see Fig. 23-48). In many cases, however, the sediment contains 
undifferentiated cancer cells and adenocarcinoma cannot be identified. Occasionally, the 
presence of mucin may be observed in the background of the smears in the form of streaks 
of thick, eosinophilic precipitates. Reports of primary adenocarcinomas of the bladder by Trillo 
et al (1981) and DeMay and Grathwohl (1985) added no new information. Bardales et al (1998) 
reported a patient with urachal adenocarcinoma whose urinary sediment showed bland 
columnar cells and mucin. 

In the rare cases of clear-cell-type adenocarcinoma, papillary clusters of malignant cells 
with large nuclei, prominent nucleoli, and clear cytoplasm may be observed (Fig. 23- 
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29C,D). Similar cases were reported by Peven and Hidvegi (1985) and Doria et al (1996). 

Diagnosis of Urothelial Tumors in Special Situations 
Lithiasis 

As was described in Chapter 22, the urinary sediment in lithiasis may contain numerous 
papillary clusters of urothelial cells that may be mistaken for a low-grade papillary tumor. 

Occasionally, lithiasis may also cause some nuclear atypia of urothelial cells. However, 
lithiasis is a risk factor and may conceal the presence of a high-grade 
urothelialcarcinoma. In the presence of lithiasis, the urinary sediment must be very carefully 
evaluated. In the presence of significant cellular abnormalities, a coexisting carcinoma must be 
ruled out. 

Urothelial Carcinoma in Diverticula of the Bladder 

Several cases of urothelial carcinoma originating in outpouchings or diverticula of the 
bladder have been observed in this laboratory (Fig. 23-30). The cytologic presentation of 
these lesions was identical to other urothelial cancers. However, the clinical localization of the 
lesions to a diverticulum proved to be difficult. It must be kept in mind that diverticula may have 
a very inconspicuous opening into the bladder, readily overlooked on cystoscopy. 
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Figure 23-29 Adenocarcinoma in situ. A Tall, columnar cells with nuclear enlargement 
and hyperchromasia correspond to the tumor on the surface of the bladder shown in B. 
C,D. Clear cell adenocarcinoma. C shows clusters of small cancer cells with clear 
cytoplasm, corresponding to the tumor shown in D. 



Carcinoma of the Bladder and Prostatic Disease 

In situ and invasive carcinomas of the bladder may occur in patients with prostatic 
enlargement, caused either by prostatic carcinoma or hyperplasia (Barlebo and 
Sorensen, 1972; Mahadevia et al, 1986). In such cases, the cancer cells are those of urothelial 
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carcinomas, described above. The issue is discussed in the opening pages of this chapter. 

UNCOMMON TUMOROUS CONDITIONS AND TUMORS OF THE BLADDER 

Tumorous Conditions 
Papillomatosis of Bladder 

This is a rare disorder in which the entire surface of the bladder is covered with innumerable 
papillary fronds lined by essentially normal or minimally atypical urothelium. The condition is 
extremely difficult to treat conservatively and may require mucosal stripping or cystectomy 
(Lund, 1969). Little is known about the natural history of untreated papillomatosis (Koss, 1975). 

The lesion cannot be recognized cytologically. 

Nephrogenic Adenoma (Adenosis of Bladder) 

This uncommon lesion is composed of ducts and tubules, possibly of enteric origin (Koss, 

1985, 1995). There are two reports suggesting that nephrogenic adenomas may be recognized 
in urinary sediment. Stilmant et al (1986) reported the presence of markedly abnormal cells in 
four patients. Three of the patients, however, had documented bladder cancer with carcinoma 
in situ. The cells shown in the illustrations could well have originated from the malignant 
epithelium. Troster et al (1986) observed papillary urothelial clusters in the urine of one patient. 

The clusters had no specific features. It is doubtful that nephrogenic adenoma can be 
recognized in urinary sediment. However, adenocarcinomas may develop in such 
lesions and may shed cancer cells (see above). 

Endometriosis 

Endometriosis of the lower urinary tract, particularly of the bladder, is a rare condition in young 
women that may cause symptoms similar to those caused by a tumor. Schneider et al (1980) 
reported clusters of endometrial cells in voided urine in a case of endometriosis of the 
bladder (Fig. 23-31A,B). There were some similarities between cells from endometriosis and 
metastatic endometrial carcinoma (Fig. 23-31 C). Bohlmeyer and Schroyer (1996), in reporting 
another case, pointed out that the endometrial cells in clusters in voided urine may be mistaken 
for cells of a urothelial carcinoma. 
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Figure 23-30 Carcinoma originating in bladder diverticulum. A. X-ray of bladder 
showing two diverticula, one of which contained a malignant tumor, shown in C. B. 
Composite picture of cancer cells from the voided urine sediment. D. Shows invasive 
carcinoma of bladder observed in the resected diverticulum shown in C. 



Eosinophilic Granuloma 

The disorder is discussed in Chapter 19. The rare eosinophilic granuloma may occur in the 
bladder or ureter. Because the lesion is subepithelial, there are no known specific cytologic 
findings. 

Amyloidosis 

Large deposits of amyloid in the wall of the bladder may elicit a granulomatous reaction with 
foreign body giant cells mimicking a tumor (Koss, 1975). There is no record of this diagnosis in 
either urine sediment or in direct aspirates of bladder wall. 

Benign Tumors 
Condyiomata Acuminata 

Condylomata acuminata may occasionally be observed in the urinary bladder (Koss, 1975). 
Petterson et al (1976) observed two such tumors in immunosuppressed patients following a 
renal transplant. With the passage of time, additional tumors of this type have been observed 
(summary in Del Mistro et al, 1988). Condylomas of the bladder are often associated with 
condylomas of external genitalia, but may also occur as discrete tumors. De Paepe et al 
(1990) observed several such incidental lesions in women with urothelial cancer of the 
bladder. 

In a report from this laboratory, three patients with bladder condylomas were studied in depth 
(Del Mistro et al, 1988). By in situ hybridization, the presence of HPV types 6 and 11 was 
documented. The tumors are very difficult to treat and have a marked tendency to recur. Follow- 
up information on one of the patients studied by Del Mistro et al, strongly suggested that the 
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lesion progressed to an invasive and metastatic squamous carcinoma of the bladder. 

Progression of condylomata acuminata of the bladder to the verrucous variant of 
squamous carcinoma has been reported by several other observers (Walther et al, 1986; 

Tenti et al, 1996; Bruske et al, 1997; Botella et al, 2000). In the case described by Botella, HPV 
type 1 1 was documented in the condyloma and the subsequent carcinoma. 

It is of note that the DNA content of the bladder condylomas is aneuploid, an observation 
confirmed by Cheng et al (2000). 

Histology 

The tumors, composed of folds of squamous epithelium, resemble genital condylomata 
acuminata, characterized by the presence of koilocytes in the superficial epithelial layers. 
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For a description of condylomas, see Chapter 1 1 . In some tumors, marked nuclear 
abnormalities may be observed in epithelial cells (see Fig. 23-32D). 




% 

c 

Figure 23-31 Endometriosis of bladder and metastatic endometrial carcinoma in 
bladder. A Two clusters of small endometrial cells. B. Histologic section of bladder 
corresponding to A with an area of endometriosis. C. A small cluster of cells with 
vacuolated cytoplasm from an endometrial carcinoma, metastatic to bladder. {AB: 
Courtesy of Dr. Volker Schneider, Freiburg l/B, Germany.) 



Cytology 

In voided urine, koilocyte-like cells can be observed (Fig. 23-32A). For a definition and 
description of koilocytes, see Chapter 11. In a female patient, the possibility of origin of 
these cells in the uterine cervix must be ruled out. In male patients, such cells may 
originate in penile urethra (see below). Hartveit et al (1992) reported the presence of 
koilocytes in the urinary sediment of numerous patients with a variety of bladder lesions but we 
were unable to duplicate this experience. 

More importantly, perhaps, in two of our three patients, the urinary sediment contained large, 
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highly abnormal squamous cells with keratinized cytoplasm and large, hyperchromatic 
and pyknotic nuclei (Fig. 23-32B.C). “Cell-in-cell” arrangement was observed. Although in 
some of the cells perinuclear halos suggested a similarity to koilocytes, such cells were very 
difficult to distinguish from cells of squamous carcinoma (see Figs. 23-26 and 23-27). In 
the 3rd edition of this book, a lesion of the bladder with similar cytologic presentation was 
classified as “squamous carcinoma in situ.” The question of whether this lesion represented 
a flat condyloma of the bladder or, in fact, a squamous carcinoma cannot be resolved in the 
absence of HPV hybridization and follow-up information. Clearly, condylomata acuminata of the 
urinary bladder straddle the border between benign and malignant tumors, not unlike similar 
precancerous lesions of the uterine cervix (see Chap. 1 1 for further discussion of cervical 
lesions). 

Squamous Papilloma of Bladder 

Cheng et al (2000) described five squamous papillomas of the bladder and two of the urethra. 

The lesions failed to hybridize with HPV DNAand were diploid. These benign lesions are 
extremely rare and there is no information on their cytologic presentation. 

In verted Papilloma 

An uncommon tumor of the urinary bladder, somewhat similar to a papilloma with a flat surface, 
was first described by Potts and Hirst in 1963. An uninterrupted layer of normal urothelium lines 
the surface of the tumor, which is made up of anastomosing strands of urothelium (Koss, 1975). 

The tumor is benign and there are no known cytologic abnormalities associated with it. An 
exceptional case of a malignant transformation of this tumor has been reported (Koss, 1985). 

Villous Adenoma 

Villous adenoma is a rare tumor of bladder of enteric origin that resembles similar tumors of the 
colon and rectum (Koss, 1975). There are no known cell abnormalities in the urinary tract 
associated with this disorder. Cheng et al (1999) 
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observed these uncommon tumors in the urachus, the dome, and the trigone of the bladder, 
and pointed out their association with adenocarcinoma of the bladder in 8 of 23 patients. 

Similar observations were reported by Seibel et al (2002). For discussion of cytologic findings in 
adenocarcinoma, see above. 
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Figure 23-32 Cytologic presentation of bladder condylomas in urinary sediment. A. 

Typical koilocytes, a rather unusual finding. B,C. Various aspects of markedly atypical 
squamous cells derived from condyloma shown in D. The cells seen in B and C could be 
readily interpreted as squamous cancer cells. 



Tumors With Malignant Potential 
Pheochromocytoma (Paraganglioma) 

Histology and Clinical Presentation 

These endocrine tumors, classically composed of nests or cords of large, eosinophilic 
epithelial calls (Zellballen), separated from each other by thin mantles of richly vascularized 
connective tissue, produce hormones, the catecholamines, that may cause episodes of 
paroxysmal hypertension on voiding. The serum levels of metabolites of catecholamines, such 
as vanilmandelic acid (VMA), are usually elevated and, combined with a history of “fainting in 
the bathroom,” a consequence of episodes of paroxysmal hypertension, will lead to the 
diagnosis. Most of these tumors are benign but malignant variants are known to occur 
(summary in Koss, 1975). 

Cytology 

Because these tumors are located within the wall of the bladder, there are no recorded cases of 
tumor cells in voided urine. Through the courtesy of Dr. Miguel Sanchez, we examined an 
aspiration smear in a case of malignant pheochromocytoma of bladder, mimicking a 
retroperitoneal tumor. Clusters of large cells with abundant eosinophilic, granular 
cytoplasm and inconspicuous spherical nuclei were observed. As is common in endocrine 
tumors, much larger cells with single or multiple hyperchromatic nuclei were scattered 
among the mononucleated cells (Fig. 23-33). 



Carcinoids 

Carcinoids of the bladder are morphologically identical to similar tumors occurring in the 
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gastrointestinal tract and the lung and are composed of sheets and ribbons of small cells, 
sometimes forming glands (see Chaps. 20 and 24). Although usually benign, these tumors 
may display malignant behavior, as in the example cited by Koss (1985). There is no record 
of cytologic findings in bladder carcinoids but it may be assumed that the cytologic presentation 
would be similar to that of carcinoids in other organs, described in Chapters 20 and 24. 
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Figure 23-33 Pheochromocytoma of bladder, metastatic to the retroperitoneum. A. 

An aspiration smear of the retroperitoneal mass was composed of tumor cells of moderate 
size with granular cytoplasm. B. Tumor cells in air-dried smear stained with Giemsa, which 
enhances the granularity of the cytoplasm. C. The make-up of the tumor composed of 
“Zellballen.” D. Positive stain with synaptophysin. Case courtesy of Dr. Miguel Sanchez, 
Englewood, NJ. 



Malignant Tumors 

Synchronous Carcinoma of the Bladder and Prostate (Uroprostatic Carcinoma) 
Such tumors were recognized mainly in the European literature as “transitional cell 
carcinomas of the prostate” (Algaba et al, 1985), “urothelial carcinomas in or of the 
prostate” (Dhom and Mohr, 1977; Schujman et al, 1983; Goebbels et al, 1985). Dhom and 
Mohr, who reviewed the largest number of these cases, pointed out that when these tumors 
synchronously involved the bladder and the prostate, their prognosis was poor. 

We observed three patients with this uncommon malignant tumor that combined the features 
of primary bladder and prostate cancers. In one of the patients, age 52, the disease was 
first diagnosed on urinary sediment that indicated a high-grade urothelial cancer, which 
was confirmed by biopsy as a carcinoma in situ. Subsequent biopsies of the enlarged 
prostate disclosed a poorly differentiated malignant tumor that combined with a high level 
of prostate-specific antigen in the serum, was considered to be a prostatic carcinoma and 
was treated with testosterone antagonists (Fig. 23-34). The patient died 2 years later with 
disseminated metastases. The outcome in the other two patients is not known as yet at the time 
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of this writing. Genega et al (2000) described an elaborate system of immunotyping to separate 
high-grade urothelial carcinomas from similar carcinomas of prostatic origin. It may well be that 
some of these tumors studied by Genega belong to the category of uroprostatic carcinomas. 

Small-Cell (Oat Cell) Carcinomas 

Small-cell carcinomas are either pure, composed of sheets and ribbons of small malignant 
cells akin to the oat cell carcinoma of the lung (see Chap. 20), or mixed, with either solid 
urothelial carcinomas or adenocarcinomas. The endocrine features of these tumors can be 
demonstrated either by immunomarkers or by electron microscopy (Cramer et al, 1981; Mills et 
al, 1987; Grignon et al, 1992). In some of these tumors, a urothelial carcinoma in situ can be 
documented, strongly suggesting that the tumors are variants of urothelial cancer (Koss, 1985). 

Some of these tumors may have ectopic hormonal activity (Partanen and Asikainen, 1985). 

These tumors have poor prognosis. 

Cytology 

Although small-cell carcinomas are uncommon, their cytology has been repeatedly described 
in recent years (van Hoeven and Artymyshyn, 1996; 
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Ali et al, 1997; Acs et al, 2000). The tumor cells are small, about two or three times larger 
than normal lymphocytes, are usually of approximately equal sizes and appear singly 
or in small chains and clusters, wherein molding of adjacent cells can be observed. The 
cytoplasm is very scanty, often not visible. The relatively large nuclei show fine 
granularity. Nucleoli are absent or very small (see Fig. 23-14D). In some cases, larger 
cancer cells corresponding to urothelial carcinoma can be present next to the small cancer 
cells. The differential diagnosis includes other malignant tumors composed of small cells, such 
as malignant lymphomas, which, however, rarely form organized clusters or show molding of 
adjacent cells. For further discussion of malignant lymphoma, see below. 




Figure 23-34 Uroprostatic carcinoma. A,B. Urinary sediment contained a large number 
of small cancer cells, corresponding to carcinoma in situ shown in C. D. Shows a 
synchronous, poorly differentiated prostatic carcinoma that resulted in the patient's death 
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within two years. 



Spindle and Giant Cell Carcinomas 

These tumors are uncommon and there are few reported cases in the literature (Holtz et al, 

1972). We observed one such tumor in the wall of a bladder diverticulum. Although the 
diagnosis of a malignant tumor can be easily established in the urinary sediment, the exact 
identification of such exceedingly rare tumors is rarely, if ever, possible. Pseudosarcomatous 
spindly pattern observed in urothelial cancer was illustrated in Figure 23-7C. Acase of 
carcinosarcoma, arising in a bladder diverticulum, was reported by Omeroglu et al (2002). 

Urothelial Carcinomas Mimicking Plasmocytomas 

Sahin et al (1 991 ) described an unusual malignant urothelial tumor of the bladder 
mimicking multiple myeloma, wherein the tumor cells, aspirated from a skull 
metastasis, were similar to plasma cells. Asimilar case was reported by Zhang et al (2002). 

Mesodermal Mixed Tumors (Heterologous Carcinosarcomas) 

These exceedingly rare variants of urothelial carcinomas of the urinary bladder closely 
resemble similar tumors observed in the female genital tract (see Chap. 17). In a case 
observed by us, the urinary sediment contained a mixture of malignant cells, some of 
which had features of urothelial carcinoma and others had features suggesting a 
chondrosarcoma (Fig. 23-35). 

Lymphoepithelioma-Like Carcinoma 

These exceedingly uncommon tumors of the bladder are similar to nasopharyngeal tumors, 
described in Chapter 21 (Dinney, 1993; Amin et al, 1994). There is no information on the 
cytologic presentation of these tumors. 

Nested Variant of Urothelial Carcinoma 

This is an uncommon type of urothelial cancer with insidious onset. The tumor is difficult to 
recognize in biopsies 
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because of its deceptively benign presentation: it is composed of nests and gland-like 
formations of urothelial cells that are approximately cuboidal and have only moderately 
enlarged, hyperchromatic nuclei (Talbert and Young, 1989; Murphy and Deana, 1992; Billerey 
et al, 1999). When recognized, the tumor is often deeply invasive and this most likely accounts 
for its poor prognosis. Volmar et al (2003) pointed out the similarity of these tumors to florid 
proliferation of Brunn's nests, discussed in Chapter 22. The nested carcinoma apparently is 
derived from surface epithelium that is only minimally atypical and does not show any evidence 
of carcinoma in situ or related lesions (Young and Oliva, 1966; recently confirmed by Dr. Victor 
Reuter, MSKCC, personal communication). It is therefore not surprising that cytology of these 
tumors is non-diagnostic. Cardillo et al (2003) examined 13 urine sediments from 7 patients 
and reported that in nearly all cases, the tumor cells could not be differentiated from normal 
urothelial cells. The observed changes consisted of only trivial nuclear abnormalities such as 
slight nuclear enlargement, irregular nuclear contour and slight hyperchromasia. Enlarged 
nucleoli were occasionally observed. The authors concluded that one should not attempt to 
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diagnose this tumor in cytologic preparations. 



Figure 23-35 Mesodermal mixed tumor of bladder. A The urinary sediment contained 
poorly differentiated cancer cells, corresponding to the mesodermal mixed tumor shown in 
B. In this area, the tumor was composed of poorly differentiated stroma and areas of 
cartilage. Elsewhere, the tumor contained elements of urothelial carcinoma that was in situ 
and invasive. 



Sarcomas of the Bladder 

These are mainly rhabdomyosarcomas and leiomyosarcomas (Koss, 1975) that 
occasionally shed cancer cells in urine. Krumerman and Katatikaru (1976) described a case of 
a rhabdomyosarcoma with intraepithelial spread in an adult. Generally, cells of sarcomas in 
the urinary sediment have malignant features, but usually cannot be accurately identified in the 
absence of prior histologic diagnosis or clinical history, including the age of the patient. 

In children, embryonal rhabdomyosarcomas (botryoid sarcomas) of the vulva, vagina, 
prostate, and urinary bladder may occur. For an extensive discussion of these tumors, see 
Chapter 17. In Figure 23-36AB, the cytologic findings in voided urine in a case of botryoid 
embryonal rhabdomyosarcoma of bladder in a child are illustrated. The small cancer cells 
have no distinguishing features and could not be further classified, except by comparison with 
histology. By contrast, spindly cancer cells of adult forms of rhabdomyosarcoma may show 
cytoplasmic striations (Fig. 23-36C.D). 

Acase of primary angiosarcoma of the bladder was reported by Schindler et al (1999) in an 
aspirated sample. 

Malignant Lymphomas 

Cells of the very rare primary malignant lymphoma of the urinary bladder cannot be 
differentiated from the cells of systemic tumors of the same type, involving the lower urinary 
tract (see below). Acase of synchronous lymphoma and adenocarcinoma of bladder was 
described by Stitt and Colapinto (1966). 

Primary Melanomas 

Primary melanomas of the bladder are exceedingly rare. Khalbuss et al (2001) described such 
a case in an 82-year-old woman and summarized prior literature. In a personally observed case, 
the sediment of voided urine contained rare malignant cells with large nuclei and prominent 
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nucleoli, some containing brown melanin pigment in the cytoplasm. Phagocytized pigment was 
also observed in macrophages (Fig. 23-37). 

Multiple Myeloma 

Unusual primary carcinomas of bladder with cells mimicking plasma cells were mentioned 
above (Sahin et al, 1991; Zhang et al, 2002). We have not observed cells of a plasma cell 
myeloma in urinary sediment, although such cases were described by Auvigne et al (1956) and 
by Pringle et al (1974). However, bizarre, multinucleated cells of renal tubular origin, a 
result of a so-called myeloma kidney, may occur in the urinary sediment and are discussed 
below, in reference to voided urine cytology of the kidney. 

Choriocarcinoma 

Sporadic cases of primary choriocarcinoma of bladder in males have been reported (Weinberg, 

1939). Such a case 
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was reported from this laboratory (Obe et al, 1983). The sediment of voided urine contained 
numerous malignant cells, most of which resembled cells of urothelial carcinoma but some 
that were large and multinucleated, with large nuclei and nucleoli, consistent with 
syncytiotrophoblasts (Fig. 23-38). The tumor and its cells gave a strongly positive reaction 
for human chorionic gonadotropin. Because the tumor was accompanied by a flat urothelial 
carcinoma in situ, it most probably represented an unusual transformation of a urothelial 
carcinoma. Yokoyama et al (1992) reported one case of primary and one case of metastatic 
choriocarcinoma in the bladder with similar findings. The primary tumor was also accompanied 
by a carcinoma in situ. 




Figure 23-36 Myosarcomas of bladder. A Small cancer cells observed at high 
magnification in urinary sediment from a child with botryoid sarcoma of bladder shown in B. 
C,D. Another example of botryoid sarcoma in a 9-year-old boy. The large cancer cells show 
cytoplasmic cross-striations in a smear ( C ) and tissue ( D ). (Oil immersion.) 
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Figure 23-37 Malignant melanoma primary in the bladder. A The urinary sediment 
contained scattered cancer cells and large macrophages filled with melanin pigment. B. 
Histologic section of the primary tumor. 
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Figure 23-38 Choriocarcinoma of urinary bladder, accompanied by a flat carcinoma in 
situ (not shown). A,B. Cancer cells in voided urine resembling cells of urothelial carcinoma. 
C. Multinucleated cancer cells. D. Tumor infiltrating bladder wall has a strongly positive 
reaction with anti-human chorionic gonadotropin antibody (black precipitate). 



Tumors Most Likely Induced by Chemotherapy 

Rare tumors of the urinary tract apparently induced by cyclophosphamide were discussed in 
Chapter 22. 
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TUMORS OF THE RENAL PELVES AND THE URETERS 

Natural History and Pathology of Urothelial Tumors 

Primary urothelial tumors of the renal pelves and ureters encompass the full scale of urothelial 
tumors described in the bladder and can be either papillary or nonpapillary in type. The 
most frequent clinical symptom is hematuria, sometimes associated with evidence of renal 
failure. These tumors may be unilateral or bilateral. The bilateral tumors may occur 
simultaneously or in sequence and create a major diagnostic and therapeutic dilemma. Four 
patients with bilateral renal pelvic carcinomas were observed by us over a period of 2 years. 

In most patients, carcinomas of the renal pelves or ureters are synchronous or 
metachronous with urothelial tumors of the bladder. In a series of 41 patients with 
carcinoma of the renal pelvis and ureters, 50% of the patients developed bladder tumors 
(Kakizoe et al, 1980). Herr et al (1996) reported upper urinary tract tumors in 18 of 86 patients 
(21%) with primary bladder tumors followed for 15 years (median 7.3 years). In 5 patients, the 
tumors occurred 10 to 15 years after treatment of the primary bladder neoplasm. The 
sequence of events cannot be anticipated and the presence of tumors in one of these 
locations must automatically trigger the search for other tumors. These patients require long- 
term follow-up in which cytology of urinary sediment plays a major role (Smart, 1964; 

Sherwood, 1971; Koss, 1979, Herretal, 1996). Urothelial carcinoma in situ of distal 
ureters is a common finding in extensive, high-grade urothelial carcinomas of the 
bladder (summary in Koss, 1975; Koss et al, 1977). 

Primary urothelial carcinomas of the renal pelves and ureters have also been observed in 
association with use and abuse of analgesic drugs containing phenacetin. Although most 
of the reported cases originated in Scandinavian countries, sporadic observations on this 
association have been recorded in other countries as well (Johansson et al, 1974; Mihatsch, 
1979; Lomax-Smith and Seymour, 1980). An important corollary of phenacetin toxicity is 
papillary necrosis of renal cortex, which occurs in more than half of the patients. 

Carcinomas of the renal pelvis and ureters in patients receiving cyclophosphamide therapy 
have been recorded (see Chap. 22). It must be pointed out that the drug busulfan is capable of 
inducing major changes in renal pelvic epithelium that may mimic a carcinoma in situ (see Chap. 
22 and Burry, 1974). 



Mahadevia et al (1983) mapped seven high-grade urothelial carcinomas of the renal pelvis and 
two of the ureters and observed peripheral atypical urothelium (dysplasia) in five patients 
and flat carcinoma in situ in four patients (Fig. 23-39). Hence, it may be assumed that the 
sequence of events in renal pelvic and ureteral tumors is exactly the same as in the bladder. 
The findings were similar to the observations by Chasko et al (1981). Extensive urothelial 
carcinoma in situ and related abnormalities were also observed in analgesic users 
(Lomax-Smith and Seymour, 1980). 

Afew cases of primary nonpapillary carcinoma in situ of the renal pelvis diagnosed by 
cytology were recorded (Papanicolaou and Foote, 1949; Murphy et al, 1974; Stagier et al, 

1980; Dodd et al, 1997). I have also observed one such case by courtesy of Dr. Harold Block of 
El Paso, Texas (see below). 
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Figure 23-39 Mapping of seven carcinomas of the renal pelvis and two of the 
ureter. The distribution of the various levels of epithelial abnormalities is shown. It may be 
noted that the areas of carcinoma in situ and epithelial atypia (UIN II) accompany every 
tumor. Tumor extension into the renal collecting tubules was observed in six of the seven 
carcinomas of renal pelves. (From Mahadevia PS, Karwa GL, Koss LG. Mapping of 
urothelium in carcinomas of the renal pelvis and ureter: A report of nine cases. Cancer 51 : 
890-897, 1983.) 



Fromowitzet al (1981) reported from this laboratory on two cases of inverted papillomas of 
the ureter. The report was in error because one of the tumors recurred with features of 
urothelial carcinoma, grade II. The second patient developed an adenocarcinoma of bladder. As 
was stated in a subsequent publication (Koss, 1985), papillary urothelial tumors of the 
ureter may develop a flat surface, probably for anatomic reasons, and mimic an inverted 
papilloma. Such tumors may be the source of the occasional reports of positive cytologic 
findings in benign inverted papilloma. 
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Grading and Prognosis 

The grading is identical with that of urothelial cancers of the bladder (see above). Large, high- 
grade tumors have a poor prognosis. Although renal pelvic carcinomas are theoretically fully 
curable by surgery if diagnosed early, the mortality in the Johansson's series of 62 patients 
(1974) was in excess of 50%. The results were not significantly improved in a more recent 
series of cases (Guinan et al, 1992; Herr et al, 1996). A major factor complicating cure by 
surgery is the occurrence of tumors elsewhere in the urinary tract. 

The prognosis of urothelial tumors of renal pelves or ureters depends primarily on stage of 
the disease, although tumor size and grade may play a role (Grabstald et al, 1971; Herr et al, 

1996). Tumors invading through the wall of the renal pelvis or ureter have an ominous 
prognosis (Grabstald et al, 1971). The presence of carcinoma in situ in Mahadevia's study was 
of prognostic significance, inasmuch as two of four such patients developed metachronous 
carcinoma of the bladder, and one died of disseminated cancer. One of five patients with 
peripheral atypical urothelium also developed a tumor of the bladder. Weaver et al (2001 ) 
attempted to differentiate invasive from noninvasive urothelial carcinomas of the upper urinary 
tract by staining the cytologic samples with antibodies to CD 20 and CD 44 with uncertain 
results. 

Adenocarcinoma and Carcinoid 

Adenocarcinoma of the renal pelvis has been observed by us in a young woman with extensive 
intestinal metaplasia of the renal pelvis and ureter. Mucinuria may accompany such 
tumors. Sporadic cases of this tumor type have been reported in the literature (Bardales et al, 

1998). A carcinoid tumor of renal pelvis was reported by Rudrick et al (1995). 

Squamous Carcinoma 

Sporadic cases of keratinizing squamous carcinoma of the renal pelves have been recorded, 
sometimes in association with lithiasis of long-standing, causing squamous metaplasia. 

Several such cases have been reported in Japanese literature. 
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Cytology 

As discussed at length in Chapter 22, the principal purpose of cytologic examination of 
the upper urinary tract is to determine whether the space-occupying lesion is a tumor 
or a benign abnormality. Most patients are symptomatic, often with gross hematuria. 
Radiologic examination, either as intravenous or retrograde pyelograms or computed 
tomography may disclose the location and the size of the lesion though, occasionally, no 
definite lesion can be identified. The principal lesions that must be considered in the 
differential diagnosis are: 

■ Tumors 

■ Stones 

■ Blood clots 

■ Very rarely, anatomic or vascular abnormalities 

Heedless of the limitations of the method in low-grade papillary urothelial neoplasms, 

the urologists not familiar with the benefits of voided urine will often attempt to secure samples 
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by direct approach, either by brushings or by retrograde washings, barbotage, or by material 
obtained during ureteroscopy. Unless they are very skilled, many of the attempts at direct 
sampling will give unsatisfactory results. Therefore, we strongly recommend that the first 
approach to the cytologic examination of the upper urinary tract should be by voided 
urine samples. The methods were discussed in Chapter 22, where an analysis of cytologic 
findings is discussed according to the method of collection. 
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Figure 23-40 Renal pelvic carcinoma. A,B. The urinary sediment contained urothelial 
cancer cells of variable sizes corresponding to the pelvic tumor. C. Voided urine sediment 
(scanning power) containing small cancer cells corresponding to the tumor of renal pelvis 


shown in D. 





Voided Urine 

Cytologic presentation of primary renal pelvic and ureteral urothelial tumors is identical to 
tumors of the bladder (see above). Except for unusual conditions, discussed above, the well- 
differentiated papillary urothelial tumors cannot be securely identified. In high-grade 
urothelial carcinomas, the population of malignant cells is sometimes surprisingly 
abundant and readily identified (Fig. 23-40). The presence of a few malignant cells of 
squamous type is common in urothelial tumors. Such cells predominate in the rare 
keratinizing carcinomas. 

In Mahadevia's study of carcinomas of the renal pelves, cited above, the urinary sediment 
disclosed cancer cells in four of nine patients, all with grade II or higher cancers. The 
sediment was considered suspicious in three additional patients, atypical in one, and was 
not examined in one. 

Cytologic findings in a case of adenocarcinoma of the renal pelvis occurring in the 
background of intestinal metaplasia, were reported by Kobayashi et al (1985) and 
Yonekawa et al (2000). The findings suggested an adenocarcinoma because of the presence 
of clusters of cancer cells with cytoplasmic vacuoles, giving a positive stain for 

P.820 



1403/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 90i-BaLimors of the Urinary Tract in Urine and Brushings 

mucin. Mucinuria may occur and may be recognized in smears of urinary sediment by thick, 
fibrillar eosinophilic background (Bardales et al, 1998). 

In a malignant carcinoid tumor of renal pelvis, polygonal malignant cells with large nuclei and 
occasional nucleoli were observed in urine by Rudrick et al (1995). 

Other rare tumors of the renal pelves, such as a leiomyosarcoma (Chow et al, 1994), were 
identified in fine-needle aspiration biopsies (FNA). See Chapter 40 for further comments on 
FNAof renal tumors. 

Retrograde Catheterization 

Cytologic examination of urine obtained by retrograde catheterization of ureters 
should be used for the purpose of localization of a high-grade tumor to either the left or 
right urether or renal pelvis. Such events are rare and occur under the following conditions: 

■ The patient's voided urinary sediment contains unequivocal cancer cells, consistent with a 
high-grade tumor, and there is no evidence of a bladder lesion. 

■ The roentgenologic examination of the urinary tract is either negative or inconclusive. 

■ It is not clear whether the tumor is located in the left or right renal pelvis or ureter. 




Figure 23-41 Carcinoma in situ of the renal pelvis and a potential source of error. A 

The voided urine sediment after retrograde pyelogram, contained dispersed somewhat 
atypical benign urothelial cells, some of which show nuclear hyperchromasia and were 
thought to represent renal pelvic carcinoma. Nephrectomy failed to reveal any tumor. B. 

Left ureter sediment containing cancer cells corresponding to an asymptomatic and 
roentgenologically occult carcinoma in situ of the renal pelvis, shown in C and D. ( B,C,D : 
Courtesy of Dr. Harold Block, El Paso, TX.) 



As an example, a selective catheterization procedure was applied to the diagnosis of an 
occult carcinoma in situ of the right renal pelvis in an 80-year-old woman with hematuria, 
absence of roentgenologic abnormalities, a negative cystoscopy, and with abundant evidence 
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of a high-grade carcinoma in voided urine (Fig. 23-41 B-D). 

As described in Chapter 22, the urine specimens must be collected separately for each 
side and great care must be exercised to avoid cross-contamination of the samples. 

The cytologic findings are usually complex because an abundant population of benign 
urothelial cells, occurring singly and in clusters, may obscure the presence of 
malignant cells (see Chap. 22). Furthermore, perhaps as a result of multiple prior diagnostic 
procedures in some retrograde washings, the dispersed urothelial cells may show single cells 
with moderate nuclear hyperchromasia in the absence of tumor (Fig. 23-41 A). Under these 
circumstances, great diagnostic caution is advised: the diagnosis of carcinoma should not be 
made unless the cytologic evidence is unequivocal. 

Retrograde Brushing 

Retrograde brushing is a method of direct sampling of the ureters, renal pelves, and renal 
cal ices that may be 

P.821 

performed under radiologic control or during ureteroscopy (endoscopic brushing). As is the 
case with retrograde irrigation material, the samples are usually heavily contaminated with 
benign urothelial cells, occurring singly and in large clusters or clumps that may cause 
significant problems of interpretation. In fact, in our consultation practice we have observed 
more false -positive diagnoses of papillary tumors with this method of sampling than 
with other techniques. The diagnostic difficulties are increased if the sample contains 
somewhat atypical benign urothelial cells with enlarged nuclei, often the consequence 
of prior diagnostic procedures such as intravenous or retrograde pyelography (see Fig. 

23-41 A). The diagnosis of cancer can be rendered only in high-grade tumors and 
should be based on unequivocal evidence. 

Still, in skilled hands, the method offers the option of obtaining direct cytologic and tissue 
biopsy material for diagnosis (Gill et al, 1973). Bibbo et al (1974) reported excellent results with 
this method based on a small series of cases. Bian et al (1995) recognized in endoscopic brush 
specimens all high-grade malignant neoplasms of the renal pelves and suggested that the 
smears are more informative than tiny tissue biopsies that can be obtained by this 
method. Dodd et al (1997) compared endoscopic brush specimens with cytology of irrigation 
specimens and voided urine. Although these authors claimed that the brush cytology was a 
more specific and more sensitive sampling method, they predictably failed to recognize 
seven low-grade papillary tumors. More importantly, however, Dodd et al failed to 
recognize four cases of flat carcinoma in situ that were diagnosed either in irrigation 
samples or in voided urine. Zaman et al (1996) reported satisfactory diagnostic results with 
the brushing technique, which included three renal carcinomas (see below). 
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Figure 23-42 Examples of cytology of high grade renal pelvic carcinomas. Note the 
cellularity of the renal pelvic wash samples in /land B and renal pelvic brush specimen in 
C and D. Note the presence of mitoses in D. ( B : High magnification.) /land B, same 
patient. C and D, each a different patient. 



Personal experience confirms that cytologic samples obtained by retrograde brushing under 
fluoroscopic control may sometimes be informative and contribute in a major way to the 
diagnosis and localization of radiographically occult high-grade renal pelvic carcinoma (Fig. 23- 
42). However, low-grade papillary tumors cannot reliably be detected by this 
technique. 

Ureteroscopic Biopsies 

The technique of ureteroscopic biopsies of tumors of renal pelvis has been described (Tawfiek 
et al, 1997). At the time of this writing (2004), the procedure is not widely used and it is not 
likely to replace cytology in the near future. 
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URINE FROM THE ILEAL CONDUIT (ILEAL BLADDER) OR OTHER ARTIFICIAL 
BLADDERS 

Examination of urine from ileal bladders or other artificial bladders is a mandatory follow-up 
procedure after radical cystectomy for urothelial tumors. Cytologic findings in ileal 
bladder urine in the absence of cancer were discussed in Chapter 22. The recognition of 
cancer cells is not difficult because the cells are usually larger than the cells from the ileal 
bladder and stand out because of large, hyperchromatic nuclei (Fig. 22-43). New 
primary cancers of the renal pelves or of the ureters following cancer of the bladder 
may occasionally be diagnosed in this fashion before there is clinical evidence of disease. 
Since hydronephrosis is a common complication in patients with ileal bladder, a radiographic 
examination may show only slight changes in the renal pelvis that could be readily overlooked, 
were it not for the cytologic report. 

In one of our early patients, sequential bilateral primary high-grade urothelial carcinomas 
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of the renal pelves were observed following radical cystectomy for cancer of the bladder. Both 
kidneys were removed, and the patient was maintained on dialysis for several months pending 
renal transplant. Several additional patients with carcinomas of renal pelves or ureters following 
cystectomy for bladder cancer have been observed (Koss et al, 1977). Similar observations 
were reported by Malmgren et al (1971) and by Wolinska and Melamed (1973). 




C • D 



Figure 23-43 Ileal bladder washings in a patient with carcinoma of the renal pelvis, 
following cystectomy for cancer of the urinary bladder. A Small cancer cells in urine 
from ileal bladder. B. Carcinoma of the renal pelvis following bladder cancer treated by 
surgical removal a few months earlier. C,D. Examples of ileal bladder urine in two patients 
with renal pelvic cancers following radical cystectomy for cancer of the urinary bladder. 



On rare occasions, primary cancers of urothelial type may develop in the ileal bladder 
epithelium, adjacent to the stoma (Grabstald, 1974). The tumors may be in situ orinvasive. 
Although the pathogenesis of this event is not clear, it may be hypothesized that the intestinal 
epithelium undergoes some type of metaplasia that may become malignant. We have observed 
two such cases. 



TUMORS OF THE URETHRA 

Benign Tumors 
Condylomata Acuminata 

The most common benign tumors of the urethra in both sexes are condylomata acuminata. As 
was repeatedly discussed 
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in the preceding pages, the tumors are associated with human papillomavirus (HPV), most 
commonly the types 6 and 11, but occasionally also 16 and 18. In a series of urethral 
condylomas in young male patients studied in this laboratory, Del Mistro et al (1987) observed 
the lesion in 16 young adult patients and in one boy, aged 9, who had an occult lesion. By in 



1407/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 30i-BaLimors of the Urinary Tract in Urine and Brushings 



situ hybridization, HPV types 6 and 11 were observed in 13 lesions, and types 6 and 18 in 
one. In two lesions, only type 11 was observed. One lesion and a recurrence thereof were 
negative with all probes. Four other recurrent lesions expressed the same type of viral DNAas 
the original lesion. Similar observations were reported in children (Vallejos et al, 1987). 

In the female, condylomas of the urethra are usually visible lesions, associated with 
condylomas of external genitalia, a risk factor in cervical neoplastic events (see Chap. 11). 

In the male, condylomas of the urethra occur in two forms: the clinically evident lesions, 
occupying the tip of the penile urethra at the meatus; and the clinically occult lesions, 
located within the penile urethra. The clinically obvious lesions are usually, but not always, 
associated with other genital condylomas. The frequency of occult lesions in the penile urethra 
is unknown, but there is concern that they may be the source of infection of female partners 
with HPV. They may also be precursor lesions of squamous carcinomas of the male 
urethra, which may also be associated with HPV infection (Malek et al, 1993). Giant penile 
condyloma of Buschke-Lowenthal, discussed in Chapter 11, is a closely related entity. 

Histology 

The visible papillary lesions are identical with condylomas of the external female 
genitalia (see Fig. 14-11A). The condylomas of the penile urethra are generally flat 
lesions, mimicking cervical epithelial neoplasia (CIN) of low grade and characterized by 
the presence of koilocytes in upper epithelial layers. Because of nuclear abnormalities, such as 
enlargement and hyperchromasia, which may be considerable, such lesions are readily 
mistaken for a carcinoma in situ, as became evident from several consultations. The 
association of condylomas with cancer of the bladder extending to the urethra was described 
by De Paepe et al (1990). Although the flat condylomas are benign by definition, and extremely 
unlikely to invade, all condylomas are difficult to treat because of a high rate of recurrence. See 
comments in Chapter 1 1 on new modes of treatment of condylomas. 

Cytology 

As in condylomas of the bladder, discussed above, koilocytes and atypical squamous cells 
with enlarged, sometimes hyperchromatic nuclei may be observed in voided urine 
sediments (see Fig. 23-32). In women, the cells may reflect a cervical or a vaginal lesion, but in 
the male, they usually indicate a lesion of the penile urethra or bladder. Cecchini et al (1988) 
performed brushings of penile urethra in 53 male partners of women with evidence of HPV 
infection (including CIN). Koilocytes were observed in smears of 26 (49%) of the men and none 
in the controls. Cecchini et al also performed colposcopy on the penile skin (“penoscopy”) on 
the male partners. In 5 of them, subclinical lesions were observed. Giacomini et al (1989) also 
studied the penile urethra, using a specially designed swab. 

Subclinical infection of the penile skin has been considered by some as a source of 
infection with HPV for women (Sedlacek et al, 1986; Barrasso et al, 1987). The penile skin 
lesions are generally inconspicuous, histologically unimpressive, and not amenable to cytologic 
examination. For further discussion of the possible clinical significance of these lesions in 
transmission of human papillomavirus between sexes, see Chapter 11. 

Adenomatous Polyps of Prostatic Urethra 

Uncommon benign exophytic papillary tumors of the male urethra, with histologic and 
immunologic features of prostatic epithelium, may be the cause of hematuria or dysuria 
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(Remick and Kumar, 1984; Chan et al, 1987). Schnadig et al (2000) described the cytologic 
findings in catheterized urine of several patients with this disorder. In some of these patients, 
bland columnar cells were observed. 

Other Benign Tumors 

Young et al (1996) described urethral caruncles, with markedly atypical stroma, mimicking 
sarcomas or malignant lymphomas. To our knowledge, these lesions have not been 
identified cytologically. 

Malignant Tumors of the Female Urethra 

De Paepe et al (1990) reported from our laboratories that the female urethra was involved in 
10 of 22 cases of bladder cancer. The urethra may contain urothelial carcinoma in situ, 
carcinoma in situ with extension to periurethral glands, or invasive cancer. As an 
incidental finding in this study, 5 of 22 patients showed condylomata of the urethra. 

Primary carcinomas of the female urethra are uncommon. Occasionally, the lesions occur 
in urethral diverticula. More than 80% of the lesions are urothelial or squamous, usually 
occurring in the anterior part of the urethra, whereas 20% are adenocarcinomas of various 
types, some originating in the glands of Littre (Grabstald, 1973; Sacks et al, 1975). 

Occasionally, malignant melanomas have been reported. There have been no known 
attempts to obtain routine smears of the urethra for purposes of early diagnosis of cancer. In 
fully developed cancer, the voided urine sediment may occasionally contain cancer cells that 
reflect the type of the tumor. Two examples of adenocarcinoma of the urethra are shown in 
Figure 23-44. One of them (Fig. 23-44C.D) originated in a diverticulum. Doha et al (1996) 
reported a similar case. In a case of malignant melanoma of the urethra, we observed, in 
a direct smear, highly abnormal, but not diagnostic squamous cells, similar to cells 
observed in primary vaginal melanomas (see Chap. 14). 

Several personally observed patients with treated squamous carcinoma of the distal 
(anterior) urethra were followed by direct smears of the treated area. Recurrent 
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disease could be diagnosed in some of them while still in the stage of carcinoma in situ. The 
cytologic presentation was similar to that of carcinoma in situ of the cervix or the 
vagina, rather than of the urinary bladder. This is in keeping with the epithelium of origin, 
which in the distal urethra is of the stratified squamous and not the urothelial type. 
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Figure 23-44 Adenocarcinoma of female urethra in urinary sediment. AB. Cancer 
cells, singly and in clusters, showing vacuolated cytoplasm and nucleoli. C. A papillary 
cluster of cancer cells typical of an adenocarcinoma. D. Adenocarcinoma of the urethra 
that developed in a diverticulum corresponding to C. 



Malignant Tumors of the Male Urethra 

Primary carcinomas of the male urethra not preceded by carcinoma of the bladder are 
exceedingly uncommon (Grabstald, 1973). However, urothelial or squamous carcinomas of 
the prostatic portion of the male urethra may occur in about 10% of all patients after 
local treatment or radical cystectomy for carcinoma of the bladder and, rarely, as a 
sequence of carcinoma of the prostatic ducts (Ritchie and Skinner, 1978). Penile discharge 
— mucoid, purulent, or hemorrhagic — may be observed on these occasions, and voided urine or 
washings of the urethra yield small cancer cells, singly or in clusters. Some of the observed 
lesions were carcinomas in situ or carcinomas in situ with superficial invasion (Fig. 23-45). 

Primary malignant tumors of the anterior part of the male urethra are very rare. We observed 
several cases of Paget's disease of the mucosa of the penile urethra and of the penile 
skin in patients with metastatic urothelial carcinoma of the bladder (Koss, 1985). There is no 
known cytologic counterpart of these rare events. 

Carcinoid 

Sylora et al (1975) described a case of malignant carcinoid of the urethra with extensive 
metastases and carcinoid syndrome. There is no information on the cytologic presentation of 
this tumor. For comments on carcinoids of the bladder, see above. 

Adenocarcinoma of Endometrial Type of Prostatic Utricle 

These tumors, originating in prostatic utricle (uterus masculinus), although very rare, may 
have the clinical presentation of a urethral tumor (Melicow and Tannenbaum, 1971 ; Epstein and 
Woodruff, 1985). In one such personally observed case, there were malignant cells in the 
urinary sediment and in the washings of the urethra (Fig. 23-46). The tumor proved fatal 
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to the patient. Schnadig et al (2000) reported two such histologically confirmed cases, 
mimicking urethral polyps, with columnar cancer cells in catheterized urine. Masood et al (1991) 
reported a similar case, based on aspiration biopsy of the tumor. The presence of grooved 
nuclei was reported in the cancer cells. 
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Figure 23-45 Two examples of carcinoma of the male urethra after treatment for 
bladder cancer. A. Small cancer cells correspond to the carcinoma in situ shown in B. C. 
Another patient showing a cluster of cancer cells corresponding to the high-grade 
noninvasive papillary tumor shown in D. 





Figure 23-46 Adenocarcinoma of prostatic utricle in a man, aged 57: urinary 
sediment and biopsy section. A,B. Clusters of malignant cells that because of columnar 
configuration, are suggestive of adenocarcinoma. C. Histologic appearance of the tumor. 
(A,B: Oil immersion; C: High magnification.) 
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METASTATIC TUMORS TO THE BLADDER AND OTHER ORGANS OF THE 
LOWER URINARY TRACT 

Malignant tumors originating in adjacent organs, and less often in distant sites, may metastasize 
to the bladder wall and rarely other organs of the lower urinary tract. Many of these metastatic 
tumors may be detected cytologically and their discovery may be of value to the attending 
physician in evaluation of the patient. The presence of a metastatic cancer does not rule 
out the possibility of a simultaneous primary tumor in the lower urinary tract. 

Metastases From Cancers of Adjacent Organs 
Uterine Cervix 

Cells of squamous carcinomas of the uterine cervix may be observed in the urinary sediment, 
either as a consequence of direct extension of the cervical tumor to the trigone of the 
bladder or because of metastases. These cells are identical to those observed in 
primary squamous cancer of the bladder (see Fig 23-26). In a female patient, the possibility 
of cervix cancer must always be investigated. The same rule applies to the finding of 
koilocytes or dyskaryotic (dysplastic) squamous cells, as mentioned above. So far, we 
have not observed cells of metastatic endocervical adenocarcinoma in urinary sediment. 

Endometrium 

Metastatic endometrial carcinoma should be considered in the differential diagnosis of 
adenocarcinoma, if the urinary sediment in a postmenopausal female patient contains 
small- or medium-sized, approximately spherical, cancer cells with glandular features, 
particularly if forming spherical (papillary) clusters or rosettes. In most such cases, the 
adenocarcinoma is of primary origin, either in the bladder or in another organ of the lower 
urinary tract, and the endometrial origin of such cells is exceedingly rare. We have observed 
very few cases of endometrial carcinoma in the urinary sediment over the past 50 years (see 
Fig. 23-31 C). Bardales et al (1998) reported one such case. On the rarest occasion, 
synchronous bladder tumors and endometrial carcinoma may be recognized in urinary 
sediment (see Chap. 17). 

Ovary 

We observed two instances of metastatic ovarian carcinoma to the urinary bladder. In one of 
the two cases, the cancer cells were remarkably large with huge nuclei and nucleoli (Fig. 23- 
47). 

Colon 

Cells of colorectal carcinoma are a relatively frequent finding in urinary sediment and may be 
the result of either direct extension of rectal cancer to the urinary tract or metastases 
from a more distant portion of the bowel. In most such instances, the cytologic diagnosis is 
possible, or at least should be considered. Rarely, the large cancer cells may be of signet- 
ring type. More often, they are of columnar configuration, sometimes forming rosettes or 
parallel bundles (palisades) (Fig. 23-48AB). The columnar cells of metastatic colonic 
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carcinoma may be similar to cells of primary adenocarcinoma of the bladder (see Fig. 23-28). 

Koizumi and Schron (1997) pointed out that the nuclei of metastatic colonic carcinoma may 
be pale and provided with large nucleoli, but this is very rarely seen in urinary 
sediment. Occasionally, the finding of fecal material (plant cells) may lead to the diagnosis of a 
vesicorectal fistula that may be caused by rectal cancer. 

Prostate 

Cells of adenocarcinoma of the prostate may be occasionally observed in voided urine or in 
material obtained by prostatic massage. They are rather inconspicuous, usually small and 
difficult to identify in the absence of clinical data. Depending on the degree of differentiation of 
prostatic cancer, they are either columnar, cuboidal, spherical, or oddly shaped. The cells 
sometimes form papillary clusters but more often occur singly. The principal feature of these 
cells is the presence of delicate cytoplasm and visible nucleoli. Examples of cells of 
prostatic carcinoma in voided urine and other diagnostic media are shown in Chapter 33. A 
case of prostatic duct carcinoma diagnosed in urinary sediment was reported by 
Vandersteen et al (1997). 

Metastatic Cancer From Distant Sites 

Occasionally, carcinomas from more distant primary sites may be seen in the urinary sediment. 

An example of metastatic bronchogenic carcinoma is shown in Figure 23-48C.D. It is usually 

not possible to determine on cytologic grounds, the origin of the primary tumor or for 
that matter, to determine whether the tumor is primary or metastatic. There are two 
exceptions to this rule: metastatic melanoma and tumors of the hematopoietic system. 

Metastatic Melanoma 

Metastatic malignant melanoma may be recognized in the urinary sediment by the 
presence of pigment-containing malignant cells (Fig. 23-49A.B). In the absence of 
pigment or pertinent clinical history, the specific diagnosis can rarely be established. 

However, as pointed out by Piva and Koss (1964), even the diagnosis of pigmented 
melanoma is not without its pitfalls. Pigment-containing renal tubular cells in cases of 
melanuria or pigmented macrophages may be mistaken for cells of the metastatic tumor 
(Fig. 23-49C.D). Unless clear-cut nuclear abnormalities, such as large nuclei with 
prominent nucleoli, are observed, the diagnosis of metastatic melanoma should not be 
made. A case of metastatic melanoma with pigmented casts in the urinary sediment was 
described by Valente et al (1985). 

P.827 
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Figure 23-47 Two examples of metastatic ovarian carcinoma to the urinary tract. A 

A cluster of very large cancer cells with clear cytoplasm, corresponding to the ovarian 
tumor shown in B. C. Clusters of much smaller cancer cells corresponding to metastatic 
ovarian carcinoma in the ureter, shown in D. 



Lymphomas and Leukemias 

Malignant lymphomas may involve the urinary bladder and malignant cells may be identified 
in the urine sediment. As is usual in lymphoma, the tumor cells lie singly, are approximately 
spherical, have usually scanty cytoplasm and show nuclear abnormalities such as 
grooves or clefts and the peculiar nuclear protrusions (nipples) observed in effusions (see 
Chap. 26). Tanaka et al (1993) described a case of Ki-1 malignant lymphoma in urinary 
sediment. The tumor cells in such rare cases may be very large and show abundant 
cytoplasm. The differential diagnosis of Ki-1 lymphoma from metastatic carcinoma requires 
knowledge of clinical history and immunostaining. 

Acute leukemias may sometimes begin with hematuria. Blast cells may be identified in 
the urinary sediment (Fig. 23-50A,B). 

Multiple Myeloma 

We have not observed cells of plasma cell myeloma in the urinary sediment. However, through 
the courtesy of Mr. Arthur Garutti, we observed a patient with renal impairment caused by 
multiple myeloma (myeloma kidney) who was shedding bizarre multinucleated cells in his 
urinary sediment. Undoubtedly, these cells represented reactive renal tubular cells 
surrounding tubular casts of Bence-Jones protein, commonly observed in this disease 
(Fig. 23-50C.D). 

ACCURACY OF CYTOLOGIC DIAGNOSIS OF TUMORS OF THE LOWER 
URINARY TRACT 

Bladder 

The evaluation of the accuracy of urinary cytology depends on the expectations of the 
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observer. As was discussed above, it is totally unrealistic to expect that well-differentiated 
papillary urothelial tumors without obvious nuclear abnormalities (papillomas and low-grade 
papillary tumors) will yield diagnostic cells, either in voided urine or in specimens obtained by 
direct sampling (bladder washing or brushing). The rare exceptions to this rule were discussed 
above. 

On the other hand, the finding of clearly malignant cells in the urinary sediment or 
bladder washings calls for a major investigative effort, even in the absence of 
cystoscopic or radiographic abnormalities. Nonpapillary carcinoma in situ may be 
present in the bladder, ureter, or renal pelvis in the absence of localizing evidence, as 

documented in the preceding pages. 

P.828 




Figure 23-48 Metastatic rectal and bronchogenic cancers to the bladder. A. Urinary 
sediment with clusters of columnar cancer cells that are characteristic of colonic type of 
carcinoma. B. Histology of rectal adenocarcinoma corresponding to A. C,D. Metastatic 
bronchogenic carcinoma to bladder. C shows very large malignant cells with ample 
cytoplasm, corresponding to the metastatic bronchogenic carcinoma in the bladder shown 
in D. 



The statistical evaluation of performance of urinary cytology published from various sources 
rarely reflect these elementary observations and thus result in major confusion as to what 
urinary cytology can and cannot accomplish. In experienced hands (Esposti and Zajicek, 
1972), carcinoma of the bladder, grade II or above, was accurately identified in 78% of all 
cases. For high-grade tumors, the diagnostic accuracy reached 91%. None of the 52 cases 
diagnosed as papillomas and papillary carcinoma, grade I, could be identified cytologically. 
Morse and Melamed (1974) pointed out that the shedding of cancer cells in the voided urine is 
variable. Therefore, three or more specimens must be examined for each patient. 

The results of a survey of the diagnostic efficacy of cytology of voided urine based on three 
samples of voided urine (Koss et al, 1985) is shown in Table 23-6. It may be noted that a 
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positive sediment observed in a single case of a papillary tumor grade I was 
subsequently shown to reflect a flat carcinoma in situ. The results in papillary tumors 
grade II closely reflected the distribution of the DNA values in this group of tumors with 
positive findings limited to aneuploid tumors (Tribukait, 1984; see below). Nearly all high-grade 
tumors were identified in the urinary sediment as malignant or suspicious. 

Shenoy et al (1985) and Murphy (1990) claimed a high rate of cytologic diagnoses for grade I 
tumors although, subsequently, Murphy has reduced the expectations (Murphy, 2000). Several 
other recent analyses of performance of urinary cytology in reference to urothelial tumors were 
discussed above (Raab et al, 1994; Renshaw et al, 1996; Bastacky et al, 1999). In spite of 
elaborate methods of analysis, only high-grade tumors could be reliably identified in cytologic 
samples. These results were confirmed by Curry and Wojcik (2002). 

Tumors of Renal Pelves and Ureters 

Similar comments apply to tumors of the renal pelves and ureters. Eriksson and Johansson 
(1976), who studied 43 such patients, obtained positive cytologic results in 19 patients, all with 
tumors grade II or higher. In a subsequent group of poorly differentiated tumors, an accuracy of 
71% was recorded. These observations were confirmed by Mahadevia et al (1983) who 
reported that urinary sediment cytology is an excellent diagnostic tool in the diagnosis of high- 
grade carcinomas of the renal pelves and ureters. 

Several important sources of cytologic error, discussed 
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in Chapter 22 and the preceding pages, must be emphasized: instrumentation, lithiasis, 
inflammation, infection with human polyomavirus, effects of drugs, and radiotherapy. 




Figure 23-49 Metastatic melanoma to bladder. A Pigmented cancer cells in urinary 
sediment. B. Pigment-producing cancer in wall of bladder, corresponding to A. C,D. 
Another case of disseminated melanoma with extensive phagocytosis of the pigment in 
renal tubules. C shows one of the pigmentcontaining macrophages in urinary sediment. D 
shows section of the kidney obtained at autopsy, corresponding to C. 
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is Cytologic Screening for Cancer of the Bladder Justified? 

The most important accomplishment of cytology of the urinary tract is the diagnosis of 
clinically unsuspected cases of carcinoma, particularly carcinoma in situ. It has been 
documented above that this is indeed possible in screened industrial workers. There is 
considerable evidence that the salvage of such patients is potentially better than that of 
patients with advanced cancer, provided that treatment is applied before deep invasion or 
metastases occur. 

The ultimate measure of success in a cancer detection endeavor is the extension of a good 
quality life for the patients. Unfortunately, as discussed above, the survival rate of high-risk 
workers who developed bladder cancer after exposure to p-aminodiphenyl was low. Because 
the study was conducted before contemporary methods of recognition and treatment of flat 
carcinoma in situ were available, most of these patients died with, or of the disease after a 
survival period of from 5 to 8 years. Although the follow-up of high-risk industrial workers has 
been a highly rewarding scientific exercise that clarified many points of natural history of 
bladder cancer, the direct benefit of these studies to the workers was not satisfactory. Similar 
doubts were expressed in the United Kingdom (Fox and White, 1976). 

With the spread of understanding of the role played by carcinoma in situ and related lesions in 
the development of invasive cancer of the urinary tract, the issue of cancer detection may 
deserve another look. In this regard, it is important to note that Farrow et al (1977), by 
performing routine cytologic examination of voided urine on 3,500 patients (without 
cystoscopically visible lesions) who attended the urologic clinic at the Mayo Clinic, observed 69 
documented cases (1.9%) of carcinoma in situ of the bladder. Holmquist (1988) observed 12 
unsuspected bladder cancers in a survey of urinary sediments in 9,870 routine 
urinalysis samples (1.2 per 1,000). In the Holmquist study, the initial wet preparations were 
followed by two routine cytologic procedures whenever there was some suspicion of 
abnormality. Thus, this is a hitherto unexplored source of case findings that is deserving of 
further study. In the absence of a large population survey, the actual benefits of bladder cancer 
detection to the society cannot be ascertained. More recently, Nickel et al (2002) observed 
three 

cases of carcinoma in situ of bladder among 150 patients with “prostatitis” studied by voided 
urine cytology. 
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Figure 23-50 Hematologic disorders in urinary sediment. AB. Urinary sediment 
containing blast cells in a child with hematuria, in acute blastic leukemia; the primary 
diagnosis was established in urinary sediment. C,D. Giant cells observed in the urinary 
sediment of a patient with multiple myeloma and evidence of renal damage. It is assumed 
that these cells represent renal tubular reaction to protein casts, which are common in this 
disease. (B: High magnification.) ( C,D : Courtesy of Mr. Arthur Garutti, Port Jefferson, NY.) 



CYTOLOGIC MONITORING OF PATIENTS TREATED FOR TUMORS OF THE 
LOWER URINARY TRACT 

The purpose of monitoring patients treated for tumors of the lower urinary tract is to detect 
tumor recurrence or formation of new tumors in a timely fashion. The success of cytologic 
monitoring depends greatly on the type of tumor and the mode of therapy. 

Treatment Options and Their impact 

Surgical excision followed by cautery is still the therapeutic method of choice for primary 
and recurrent superficial papillary bladder tumors. Tumors located in the renal pelvis 
may require nephrectomy. This mode of treatment does not impede cytologic follow- 
up. Radical cystectomy with the creation of an ileal- or other type of artificial bladder, is 
curative of nearly all flat carcinomas in situ and some invasive tumors. Such patients should be 
monitored by examination of urine from the artificial bladder for the possible occurrence of 
a carcinoma of upper urinary tract. 

Radiotherapy, either as a primary treatment mode or as an adjunct to surgical treatment of 
invasive tumors, poses a special challenge to cytologic follow-up because of radiation- 
induced cell changes in benign and malignant cells, discussed below. 

Immunotherapy, with intravesical instillation of the attenuated bovine tuberculosis bacillus 
(bacillus Calmette-Guerin; BCG), has become the treatment of choice for flat carcinoma in 
situ and related lesions of the bladder and has also been applied to urothelial tumors of the 
renal pelvis. Although the precise mechanism of effective treatment is still unknown, it is 
hypothesized that the inflammatory reaction attracts cytotoxic lymphocytes, which, in a manner 
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A substantial number of papers based on randomized 
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trials have documented that, in some patients, long-term remissions and possibly cures of 
bladder lesions, can be achieved (Brosman, 1985; DeKernion et al, 1985; Pinsky et al, 1985; 

Herr et al, 1986; Guinan et al, 1987; Herr et al, 1989), but late recurrences of the tumors may 
occur (Herr et al, 1995). Although encouraging results for carcinoma in situ with prostatic 
extension were reported, still 10 of 23 such patients required cystectomy (Bretton et al, 1989). 

Similar data were reported by Cheng et al (2000). As described in Chapter 22, the treatment 
results in formation of microscopic granulomas composed of epithelioid and giant cells 
of the Langhans' type in the wall of the bladder and in the adjacent prostate, 
accompanied by a marked inflammatory reaction. 



TABLE 23-6 COMPARISON OF HIGHEST CYTOLOGIC DIAGNOSIS IN THREE 
SPECIMENS OF VOIDED URINE WITH THE HIGHEST GRADE OF PRIMARY TUMOR IN 
THE NEAREST BIOPSY IN 203 EPISODES 



Highest Cytologic Diagnosis in 3 
Specimens of Voided Urine 



Highest Histologic Diagnosis of 
Primary Tumor 


No. of 
Cases 


Negative or 
Atypical 


Suspicious 
or Positive 


Noninvasive papillary tumors 


136 


29 (22%) 


107 (78%) 


Grade 1 


6 


5 


1 


Grade II 


68 


20 


48 


Grade III 


62 


4 


58 


Nonpapillary carcinoma in situ 


14 


0 


14(100%) 


Invasive carcinoma (all grades) 


27 


2 


25 (92%) 


Carcinoma of ureter 


4 


0 


4 


Other cancers 


2 


1 


1 


No evidence of cancer 


20 


20 


0 


Total 


203 


52 


151 



(Koss LG, et al. Diagnostic value of cytology of voided urine. Acta Cytol 29:810-816, 
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Intravesical chemotherapy with instillation of cytotoxic drugs, mainly the alkylating agent 
thiotepa and the antibiotic mitomycin, have been used after resection of papillary tumors to 
reduce the frequency of recurrences, and also in the treatment of carcinoma in situ and 
resected high-grade tumors to prevent the occurrence of invasive carcinoma (summary in 
Soloway, 1983, 1985). Therapeutic successes have been reported (Soloway, 1985) but 
persuasive evidence that these treatment modes are equal or superior to BCG is not available. 

Photodynamic therapy of carcinoma in situ and small papillary tumors after priming with 
hematoporphyrin derivatives has been reported (Hisazumi et al, 1984; Prout et al, 1987). The 
parenterally injected compound localizes in rapidly growing tissues, such as carcinomas, and 
renders them susceptible to phototherapy by laser. Similar attempts at treatment of carcinoma 
in situ of the bronchus, esophagus, and oral cavity have been attempted. 

Cytologic Monitoring 

Cytologic monitoring of patients treated for tumors of the lower urinary tract is 
effective only in early detection of new or recurrent high-grade tumors. Urinary tract 
cytology has so far not replaced cystoscopy in the follow-up and identification of new 
low-grade papillary bladder tumors. In the experience of this writer, the best method of 
monitoring bladder tumors is by cytologic analysis of voided urine specimens. After 
radical cystectomy, the patients must be monitored by periodic cytologic examination 
of urine from the ileal bladder (see above). As pointed out by Herr et al (1996), the 
monitoring may be required for many years after treatment. Patients treated for carcinoma 
of the renal relvis and ureter, who are also prone to the development of new carcinomas 
elsewhere in the urinary tract, should also be monitored by urinary cytology. 

Each monitoring sequence should be based on three urine samples obtained on 
consecutive days (see Chap. 22). The presence of cancer cells, as described in the 
preceding pages, is always indicative of a recurrence or progression of urothelial 
carcinoma, regardless of the mode of treatment or presumed clinical status. In fact, in 
several personally observed cases, urinary sediment that was positive for cancer cells, in the 
presence of an apparently good clinical response to treatment, anticipated an invasive or 
metastatic cancer that killed the patient. Harving et al (1988) documented that cytologic 
analysis is more sensitive than multiple biopsies in predicting tumor recurrence or 
progression. The need for cytologic monitoring was also emphasized by Hopkins et al (1983), 
who pointed out that patients with seemingly innocuous low-grade 
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tumors may develop an unexpected invasive cancer of the bladder, presumably derived 
from adjacent carcinoma in situ and related lesions. 
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Figure 23-51 Radiation failure. Two examples of residual carcinoma in situ in patients 
whose invasive tumor was eradicated by radiotherapy. 



None of the cytotoxic drugs or BCG causes epithelial cell changes that could be 
confused with cancer. Although minor atypias in the form of cellular and nuclear enlargement 
may be observed with thiotepa, neither mitomycin nor BCG causes any significant cytologic 
abnormalities, except for granulomatous inflammation in BCG. The granulomas may be 
observed in the urinary sediment, as described in Chapter 22. 



Monitoring of patients undergoing radiotherapy is difficult because of radiation changes 
affecting benign epithelial cells, as discussed in Chapter 22. Radiotherapy of carcinomas of 
the bladder may cause nuclear pyknosis and ballooning of the tumor cells, a change often 
reflected in smears of urinary sediment. The degree of nuclear abnormality in the cancer cells 
usually, but not always, allows a differentiation between the irradiated benign and the irradiated 
malignant cells. However, when the nuclei of irradiated benign cells show nuclear 
hyperchromasia, the differential diagnosis becomes difficult. In such situations, it is advisable to 
withhold judgment until clear-cut evidence of cancer is obtained on subsequent 
samples of urine. The cells of bladder cancer recurring after radiotherapy are in no 
way different from the cells of the primary tumor. Numerous biopsies or cystotomy often 
may be required to obtain histologic confirmation of a tumor, especially if there is considerable 
scarring of the bladder wall. 



Cytologic studies of urinary sediment proved to be quite useful in following a group of patients 
with bladder cancer treated by radiation before undergoing surgery. If preliminary radiotherapy 
was successful, it resulted in rapid diminution in the numbers of cancer cells, and in four cases, 
in complete disappearance of cancer cells. In these latter cases, histologic studies of totally 
removed bladders failed to reveal the presence of cancer. However, in several cases of 
carcinoma of the bladder, the urinary sediment remained positive in spite of a very 
favorable clinical response of the invasive tumor to radiotherapy. Subsequent surgical 
removal of the bladder revealed residual carcinoma in situ that apparently did not 
respond to radiation treatment, whereas the invasive tumor was obliterated (Fig. 23- 
SI). Similar observations were made with carcinoma of the cervix (see Chap. 18) and in 
carcinoma of the esophagus (see Chap. 24). 

As emphasized above, the cytologic approach to monitoring of treated patients will fail 
in discovering new or recurrent low-grade papillary tumors. This fundamental fact has 
led to the development of a substantial number of new methods of monitoring of 
bladder tumors. 
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Monitoring of Tumors of the Lower Urinary Tract by Methods Other Than 
Cytology 

DNA Pioidy Analysis 

It has been known since the publications by Falor (1971), Falor and Ward (1973, 1976) and 
Granberg-Ohman et al (1984), that most low-grade noninvasive bladder tumors had a 
chromosomal component in the normal diploid range and that high-grade tumors had 
grossly aneuploid karyotypes. With the development of methods of DNA quantification by 

cytophotometry, image cytophotometry, and flow cytometry, enumeration of chromosomes could 
be replaced, to some degree, by measurements of DNA in cell populations. The methods, their 
accomplishments, and limitations, are described in Chapters 46 and 47. 

The initial studies of DNA content of bladder tumor cells, conducted by cytophotometry, 
confirmed that low-grade papillary tumors are, for the most part, in the diploid range (i.e., have a 
DNA content identical or similar to normal tissues). With increasing grade, there was an 
increasing degree of abnormalities, reaching high aneuploid values for high-grade tumors 
(Lederer et al, 1972). With the developments in flow cytometry, rapid DNA measurements 
could be performed in a large number of bladder tumors (Fig. 23-52A). As was shown by 
Wijkstrom et al (1984), the DNA values obtained by flow cytometry compared favorably with 
cytogenetic analysis. 

Notable contributions to flow cytometric DNA studies of bladder tumors were made, among 
others, byTribukait, 

P.833 

whose large experience is summarized in Table 23-7. It may be noted that DNA analysis 
confirms cytogenetic findings, inasmuch as most noninvasive low-grade tumors have a 
DNA content in the diploid range. Tumors grade II are almost equally divided into 
diploid and aneuploid categories, reflecting cytologic findings shown in Table 23-6. Tumors 
grade III and all cases of flat carcinoma in situ (Tis) are aneuploid, confirming the 
clinical and pathologic observations on the origin of most high-grade invasive cancers 
of the urinary bladder from carcinomas in situ. The analysis by stage also confirmed that 
most deeply invasive bladder tumors were aneuploid. 
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Figure 23-52 DNA ploidy patterns of bladder tumors. A Flow cytometry. The two top 

diagrams (1 ,2) show diploid pattern of normal urothelium and a papillary tumor. The two 
bottom diagrams show marked aneuploidy of urothelial carcinoma. B. Shows Feulgen 
stained urine sediment to determine DNA ploidy by image analysis. C. Shows comparison 
of DNA analysis by flow cytometry (top) and image analysis (bottom). The diagrams on the 
right show an aneuploid pattern of bladder tumor. D. Fluorescent in situ hybridization 
(FISH) in bladder cells using probe to the centromere of chromosome 1 . Many of the tumor 
cells showed triploidy of chromosome 1 , even though the tumor was diploid by image 
analysis. ( D : Courtesy of Drs. Hopman and Vooijs, Nijmegen, The Netherlands.) 



DNA Content of Bladder Washings (Barbotage) 

Given the premise that the DNA content of the epithelium of the bladder may be 
predictive of future behavior and, thereby, the prognosis of bladder tumors, DNA 

measurements on bladder washings were initiated by Melamed et al (1976). A large number of 
papers from the Memorial-Sloan Kettering Cancer Center suggested that aneuploid DNA 
content of the cells in suspension, obtained either at the time of cytoscopy or by catheter 
(barbotage), was predictive of tumor persistence, recurrence, or impending invasion (Klein et al, 

1982; Badalament et al, 1986, 1987, 1988). The method was shown to be particularly effective 
in monitoring patients with carcinomas in situ undergoing treatment. 

Unfortunately, as is discussed in Chapter 47, although histograms that are clearly normal or 
abnormal are easy to interpret, many of the histograms obtained from bladder washings, 
particularly from patients with low-grade tumors, are not clear-cut, difficult to interpret, and 
require artificial classification schemes (Koss et al, 1989). Synchronous studies 
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of the DNA content by image analysis and flow cytometry disclosed that some samples, which 
were considered normal (diploid) by flow cytometry, could contain small aneuploid cell 
populations that were revealed by image analysis and were of predictive value for tumor 
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recurrence or progression (Koss et al, 1989). The method proved unsatisfactory in 
attempting to predict recurrences of low-grade papillary tumors, as is the case with 
conventional cytology. Attempts to replace bladder washings or barbotage with samples of 
voided urine for flow cytometric analysis of DNA, as suggested by deVere White et al 
(1988), were not successful in our hands. 



TABLE 23-7 DISTRIBUTION OF DNA VALUES IN 277 UNTREATED BLADDER TUMORS 


Grade 


No. in Group 


Diploid 


* 

Aneuploid 




Distribution by Grade 




0 


2 


2 


0 


1 


30(100%) 


24 (80%) 


6 (20%) 


II 


107(100%) 


56 (52%) 


51 (48%) 


III 


130(100%) 


6 (5%) 


124 (95%) 


Adenocarcinoma 


8 


1 


7 


Total 


277 


89 


188 




Distribution by Stage 




TO 


42(100%) 


32 (76%) 


10(24%) 


T 1 


118(100%) 


50 (42%) 


68 (58%) 


T 2,3,4 


93(100%) 


7 (7.5%) 


86 (92.5%) 


Tis| 


24(100%) 


0 


24(100%) 


TOTAL 


277 


89 


188 


★ 

Includes tetraploid-aneuploid tumors, 
t Tis, flat carcinoma in situ. 






(Modified from Tribukait B. Flow cytometry in surgical pathology and cytology of the 
genito-urinary tract. Koss LG, Coleman DV (eds.) Advances in Clinical Cytology. New 
York, Masson Publishing, 1984: pp 163-189.) 
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Image Analysis 

The principles of image analysis of cells are discussed in Chapter 46. For a number of years, 
our group has attempted to develop a system of objective, computer-based analysis of 
urothelial cells in voided urine sediments processed by the method of Bales, described in 
Chapter 44. The initial results indicated that several subgroups of urothelial cells could be 
identified with accuracy surpassing that of the human observer (Sherman et al, 1986). 

Furthermore, as discussed above, the “atypical” urothelial cells could be classified into two 
groups of diagnostic value. Automated processing of 119 specimens of voided urine yielded 
promising results (Sherman et al, 1984). However, subsequent studies revealed errors in the 
evaluation system that could not be corrected without a major improvement in the image 
capture and computer systems. 

Work with an apparatus known as Papnet System, based on capture and selection of cell 
images by a neural network, proved to be interesting. The apparatus was capable of identifying 
cancer cells in smears of the urinary sediment, whether prepared by conventional methods or 
processed as a liquid sample (Hoda et al, 1995). An example of the Papnet display of the 
urinary sediment in bladder cancer is shown in Figure 23-23A 

An interesting approach to the laboratory processing of “atypical” or “suspicious” smears 
of urinary sediment wasproposed by Dr. Jay Amberson (Dianon Systems, Inc., Stratford, CT). In 
such cases, a duplicate smear is stained with Feulgen stain and the DNA profile is 
established by rapid image analysis. In Feulgen-stained smears, cancer cells are easily 
recognized (Fig. 23-52B). If the DNA profile shows abnormal distribution of DNA( Fig. 23-52C), 
the urologist is informed of the possibility of a malignant lesion. Unfortunately, a full evaluation 
of the clinical benefits of this technique is not available at the time of this writing (2004). Wojcik 
et al (2001) adopted laser scanning cytometry for evaluation of DNAploidy in urinary 
sediment and reported excellent results in recognition of malignant tumors. The same author 
pointed out that superficial umbrella cells may be a source of abnormal ploidy and, thus, 
should be excluded from measurements. 

It is not likely that in the near future, quantitative image analysis will replace visual examination 
of cells in the urinary sediment, although the Feulgen technique is interesting and clearly 
deserving of further investigations. 

Morphometry 

A number of investigators, particularly a Dutch group headed by Baak, have advocated 
morphometric measurements 
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of cellular and nuclear features in histologic sections of bladder tumors as a predictor of 
prognosis (Blomjous et al, 1989). The method is based on subjective selection of the 
microscopic field to be measured. To our knowledge, the method has not been applied to 
cytology of the urinary sediment. 

New Technological Developments 
Monoclonal Antibodies 

Numerous monoclonal antibodies have been tested or are being developed as specific markers 
for the identification of bladder tumors with invasive potential (Cordon-Cardo et al, 1990; Fradet 
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et al, 1984, 1986, 1987). Some of these monoclonal antibodies may be used in conjunction with 
flow cytometry to identify subpopulations of cells with particular characteristics and measure 
their DNA content. Other markers used for these purposes are monoclonal antibodies to keratin 
filaments, which facilitate the selection of epithelial cells from all other cells in bladder 
washings. In such studies, the DNA can be measured in epithelial cells only (Ramaekers et al, 
1984, 1986). A commercially available test ImmunoCyt (Diagnocure, Saint-Foy, Quebec, 
Canada) has been reported to have better specificity and sensitivity for detection of low- 
grade, low-stage tumors of the bladder than conventional cytology (Fradet et al, 1997; Mian 
et al, 1999). 

Nuclear Matrix Proteins 

Keesee et al (1996) explored the possibility that the nuclear matrix proteins may show sufficient 
differences between normal and cancer cells to apply this system to bladder cancer detection 
and diagnosis. Atest kit NMP22 (Matritech Corp., Newton, MA) was tested by a number of 
investigators (Soloway et al, 1996; Stampfer et al, 1998; Zippe et al, 1999) with interesting 
results, particularly in reference to low-grade papillary tumors. Del Nero et al (1999) reported a 
high sensitivity but also a high rate of false-positive results with this method. 

Bladder Tumor Antigen 

Bard bladder tumor antigen test, BTAstat, (Bard Diagnostics, Redmond, WA) is a latex 
agglutination assay for qualitative detection of basement membrane antigen in urine. Several 
investigators reported good specificity and sensitivity of this test when compared with urine 
cytology (Sarosdy et al, 1995; Leyh et al, 1997; Murphy et al, 1997; Sharma et al, 1999). 
Ramakumar et al (1999) observed that the test had high sensitivity, when compared with 
several other objective laboratory tests, particularly telomerase activity (Lin et al, 1996; Kyo 
et al, 1997). 

Telomerase Activity 

Telomerase, an enzyme that is essential for maintenance of chromosomal integrity, can be 
measured in urine by polymerase chain reaction (PCR) with appropriate primers. It has been 
reported that the method is more specific than any of the other methods of diagnosis of bladder 
tumors (Landman et al, 1998; Ramakumar et al, 1999). 

Proteomics 

The recently developed method of identification of proteins as markers of tumors has been 
applied to urinary sediment of patients with tumors of the urinary bladder (Vlahou et al, 2001). 
The method is experimental and is based on complex technology, using protein chips and mass 
spectrophotometry. Vlahou identified several proteins that may be unique to tumors of the 
bladder. The results of this study, while not spectacular, were interesting inasmuch as the 
authors claim 78% sensitivity in the detection of low-grade papillary tumors. 

induced Autof/uorescence 

Another approach to evaluation of the status of the bladder and therapy is based on direct 
instillation of a compound 5-aminolevulinic acid (ALA), which is absorbed by mucosal 
lesions such as flat carcinomas in situ, and induces the accumulation of endogenous 
fluorescent protoporphyrins. The lesions can then be visualized with Krypton ion laser and 
effectively resected (Kriegmair et al, 1994). Using this system, a reduction in the recurrence 
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rate of such lesions was reported (Riede et al, 2001). 

Blood Group Antigens 

Kovarik et al (1968) suggested that the expression of blood group antigens in bladder tumors 
may be correlated with prognosis. The fundamental assumption of these studies was that those 
epithelial tumors that have retained the ability of normal epithelium to express the blood group 
antigen specific for the blood group of the patient were less likely to recur or progress than 
tumors that have lost the blood group antigen expression. In the initial studies, erythrocytes of 
known blood groups were used as markers (Kovarik et al, 1968; Weinstein et al, 1981; Yamase 
et al, 1981; Limas and Lange, 1982; Flanigan et al, 1983; Cordon-Cardo et al, 1988). 

Subsequently, serologic methods were developed, and the results were documented by the 
peroxidase-antiperoxidase system (Coon and Weinstein, 1981). Ultrastructural localization of 
antisera labeled with colloidal gold has also been documented (De Harven et al, 1987). 

The concept, although theoretically valid, has been shown to be of limited practical value. The 
performance of the test, particularly on small bladder biopsies, was fraught with technical 
difficulties. The application of the method to cytologic samples has not been fully explored, 
although several successful attempts have been reported (Borgstrom et al, 1985; Borgstrom 
and Wahren, 1986). At the time of this writing (2004), the method has been abandoned and is 
reported here for its historical value. 

Molecular Genetics in the Diagnosis and Prognosis of Urothelial Tumors 

Progress in molecular biology has resulted in a number of observations pertaining to urothelial 
tumors, some of which may prove to be of clinical value. 
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In Situ Hybridization of Chromosomes (FISH) 

Using molecular probes for identification of individual chromosomes (or their centromeres) by 
fluorescent in situ hybridization (FISH), Hopman et al (1988, 1989, 1991) could document, 
in tissue sections, that even the diploid urothelial tumors have numerical abnormalities of 
individual chromosomes (Fig. 23-52D). As summarized by Czerniak and Herz(1995), low- 
grade papillary tumors show fewer chromosomal abnormalities than high-grade tumors. An 
increase in the number of chromosomes 1 and 7 (trisomy) and abnormalities of 
chromosome 9 were most commonly observed in low-grade tumors. Abnormalities in 
chromosomes 3, 4, 8, 11, 17, and 18 were most commonly observed in high-grade tumors. 
This information has been applied to recognition of cancer cells in urinary sediment by 
Cajulis et al (1994) using the FISH technique with probes to centromeres of chromosomes 8 
and 12. Cajulis documented the presence of numerical chromosomal abnormalities in cells 
in the urinary sediment in a substantial proportion of bladder tumors, some of which were 
diploid. The FISH technique has found a commercial application with a multicolor probe 
targeting synchronously several chromosomes affected in tumors of the bladder and 
performed on sediment of voided urine (UroVision, Vysis, Inc., Downers Grove, IL). The 
probe mixture targets chromosomes 3, 7, 17 and the 9p21 region (Fig. 23-53). The initial study 
of the probe claimed that the method was more efficient than cytology in the diagnosis of 
low- and high-grade tumors and even carcinoma in situ of the bladder (Sokolova et al, 
2000; Hailing et al, 2000). 
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Figure 23-53 Bladder cells from urine hybridized with the UroVysion probe set. A 

Composite image from a normal bladder. The UroNfysion probe set contains SpectrumAqua 
CEP 17 (blue-green signals), SpectrumGreen CEP 7 (green signals), SpectrumGold LSI 
9p21 (yellow signals), Spectrum Red CEP 3 (red signals). Nuclear DNAis stained with 
diamidinophenylindole (DAPI). Each nucleus contains two signals of each of the four probe 
colors as expected for diploid chromosomes. B. A composite image from a patient 
diagnosed with transitional cell carcinoma hybridized with UroVysion probe set. Greater 
than two signals are seen for CEP 17 (aqua), CEP 7 (green), and CEP 3 (red), indicating 
abnormally high chromosome copy numbers. In addition, both LSI 9p21 signals (yellow) are 
absent, indicating homozygous deletion of the chromosome 9p21 region (the 9p21 locus 
includes the tumor suppressor gene pi 6). (Photographs fromNA'sis, Inc.) 



Other Chromosomal Abnormalities 

Further studies of chromosomal abnormalities in bladder tumors were performed by the 
techniques of comparative genomic hybridization (Kallioniemi et al, 1995) or by molecular 
cloning with multiple marker probes to individual genes (Czerniak et al, 2000). These 
studies documented that frequency of chromosomal abnormalities in bladder tumors is much 
higher than previously documented by cytogenetic techniques. For example, in chromosomes 4, 

8, 9, 11, and 17, Czerniak et al identified losses in 72 genetic loci, of which 47 were related 
in a statistical fashion to urothelial neoplasia. Further, many of these chromosomal 
abnormalities were also present in normal and minimally abnormal epithelia adjacent to 
tumors. It is postulated that these damaged chromosomal loci represent the location of 
suppressor genes, most of which are unknown at this time (2004). Most recently, the 
microarrays technique has been used to identify genes that may be characteristic or unique 
for tumors of the bladder (Brown and Botstein, 1999). 

Oncogenes and Tumor Suppressor Genes in Bladder Tumors 

Although it is evident from the brief summary above that the issue of genetic abnormalities in 
bladder cancer has 
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not been solved, some of the chromosomal abnormalities correspond to known loci for tumor 
suppressor genes and oncogenes. As early as 1990, Czerniak et al documented that ploidy of 
bladder tumors could be correlated with a mutation of the ras oncogene. The 
expression of the ras gene was normal in diploid tumors but was markedly increased in 
aneuploid and invasive bladder carcinomas, particularly when the mutation of the exon in 
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position 12 was synchronous with an intron mutation. The mutation could also be 
demonstrated in cells in voided urine sediment and in normal urothelium several years 
before the occurrence of invasive cancer (Czerniak et al, 1992). 

Sidransky et al (1 991 ) also observed mutations of the p53 inhibitory gene in bladder tumors. It 
is known that this gene is involved in protecting the normal cell cycle, as discussed in Chapter 
3. Several observers reported that the mutation of the p53 gene is associated with rapid 
progression and poor prognosis in high-grade tumors of the bladder (Sarkis et al, 1993; 

Esrig et al, 1994; Cordon-Cardo et al, 1994). This test is applicable to urinary sediment as 
reported by Hruban et al (1994) in reference to the bladder cancer of the late Vice President 
Hubert Humphrey. It is interesting to note, though, that Mr. Humphrey's diagnosis of 
carcinoma in situ was established many years earlier by this writer and others by 
simple microscopic analysis of his urinary sediment and biopsies of bladder (Koss, 

1998, unpublished). Burton et al (2000) quantitated the expression of p27, a cyclin dependent 
inhibitor of cell cycle progression and of caspase 3, an important component of the apoptotic 
sequence, in attempting to establish the prognosis of urothelial carcinoma in situ. In a 
retrospective study, these authors documented that loss of p27 expression and increased 
expression of caspase 3 predicted progression of carcinoma in situ to invasive cancer with 
specificity of 85%. 

Another tumor suppressor gene that controls the events of cell cycle is the retinoblastoma 
(Rb) gene (see Chap. 3). Abnormalities of this gene have been observed in high-grade 
urothelial tumors with poor prognosis (Cairns et al, 1991; Ishikawa et al, 1991; Cordon- 
Cardo et al, 1992). 

There is no doubt that, with the passage of time, many additional genes will be identified that 
participate in carcinogenesis and will perhaps shed light on the genetic sequence of events in 
urothelial tumors. It remains to be seen, however, whether these labor intensive, costly 
techniques will soon replace cytology of the urinary tract as means of cancer detection and 
diagnosis. 

The Urologist and Cytology of the Lower Urinary Tract 

This brief summary of recent technologic developments in monitoring patients with tumors of 
the lower urinary tract reflects the unhappiness of urologists with poor performance of 
urinary cytology in reference to low-grade, low-stage papillary urothelial tumors, which 
still require cystoscopic monitoring. It should be pointed out though that these tumors are 
rarely, if ever, threatening the life of the patients and that they can be easily diagnosed by 
cystoscopy during follow-up studies. Whether the expense of the new testing methods is ever 
going to provide lasting benefits to the patients, such as a reduced number of follow-up 
cystoscopies, is not clear, particularly in view of the high rate of false-positive results, reported 
by some of the investigators. The most important benefit of urinary tract cytology is the 
recognition of high-grade tumors, either as a primary or a secondary event, with 
specificity unmatched by any of the new systems proposed. 

MALIGNANT TUMORS OF RENAL PARENCHYMA IN URINARY SEDIMENT 
The technique of choice in the cytologic investigation of renal parenchymal lesions is 
the percutaneous needle biopsy, discussed at length in Chapter 40. However, voided urine 
sediment, and occasionally retrograde brush technology, may sometimes contribute to the 
diagnosis of renal parenchymal tumors, if they extend to the renal pelvis and shed 
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cancer cells in urine. Tumors of renal parenchyma, remote from the renal pelvis, cannot be 
recognized in the urinary sediment. 

Renal Adenocarcinoma 

Most adenocarcinomas of the kidney usually originate in the renal cortex. The most 
common varieties are the clear cell and granular cell types. In histologic material, the large 
tumor cells have large nuclei with prominent nucleoli, surrounded by abundant, distinctly 
granular or clear cytoplasm that contains both glycogen and lipids. Renal carcinomas have a 
tendency to invade the renal pelvis and the renal vessels, with resulting hematuria, which is 
not infrequently the first evidence of the existence of the tumor (see Chap. 10). 

Cytology 

Cytologic detection of renal carcinoma in voided urine cannot occur unless the cancer cells 
desquamate into the urinary stream. Concomitant hematuria, which occurs often, may render 
the diagnosis exceedingly difficult. Moreover, the fragile renal cancer cells readily undergo 
degenerative changes so that even in the absence of hematuria, it is rare to see cells 
sufficiently well preserved for an unequivocal diagnosis. 

Despite these problems, it is sometimes possible to recognize well-preserved cells of 
renal carcinomas in the urinary sediment. The cancer cells are fairly large, with a 
delicate, faintly vacuolated or finely granular cytoplasm, that is either eosinophilic or 
basophilic, and harbors distinctly abnormal, hyperchromatic large 
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nuclei with large, often multiple nucleoli (Fig. 23-54). Spindly cancer cells may also 
occur. In diagnosing renal carcinoma, one must be certain that the nuclear abnormalities 

are clearly evident, since cytoplasmic granularity and vacuolization may be observed in 
macrophages and in benign cells of urothelial origin, the latter observed in specimens obtained 
by retrograde catheterization (see Chap. 22). In our experience, the urinary sediment is of 
questionable value in the diagnosis of primary renal parenchymal cancers, and an unequivocal 
cytologic diagnosis of renal carcinoma is a rare event. 
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Figure 23-54 Renal cell carcinoma in voided urine sediment. A,B. Show cells with a 
large, markedly vacuolated cytoplasm, large pale nuclei with prominent nucleoli. C. Three 
small cancer cells with prominent nucleoli, corresponding to the clear cell renal carcinoma 
shown in D. 



These personal results are in contradistinction to the experience of other authors who reported 
a fair measure of success in the diagnosis of renal carcinoma. Umiker (1964) and Meisels 
(1963) reported between 25% and 50% of renal cancers as diagnosable by cytology. Piscioli et 
al (1983) claimed cytologic recognition of renal cancer in 19 of 44 cases. These results could 
not be duplicated by us. 

Hajdu et al (1971) suggested the use of fat stain (oil red-O) on cells of the unfixed urinary 
sediment. The fat stain was positive in the form of distinct intracytoplasmic granules in 14 of 
17 patients with renal cancer. The results could not be confirmed by Mount et al (1973) and the 
method has not received wide acceptance. 

Other Types of Renal Carcinomas 

Kennedy et al (1990), Mauri et al (1994), and Fallick et al (1997) each reported a case of the 
rare carcinoma of the collecting ducts diagnosed by urine cytology. Contrary to the common 
form of renal carcinoma, these tumors originate in the tubules of the renal medulla (ducts of 
Bellini) that open into the renal pelvis (Rumpelt et al, 1991). This may explain the success in the 
cytologic identification of this tumor. 

Larson et al (1998) reported a case of medullary carcinoma of the kidney diagnosed in a 
retrograde brush specimen. The latter tumor is very rare as it occurs in young patients with 
sickle cell anemia and has a dismal prognosis. So far as one could judge from the illustrations, 
none of these uncommon tumors had sufficiently characteristic cytologic features for 
determination of tumor type. 

Nephroblastoma (Wilms' Tumor) 

This highly malignant tumor of childhood, discussed in Chapter 40, may shed recognizable 
cancer cells in the urinary sediment. The cancer cells are small, spherical or 
elongated, and characteristically form clusters, an appearance that does not occur with 
other cells of comparable size, whether inflammatory cells, leukemias, or lymphomas. These 
cells represent the epithelial component of the complex tumor. When such cells are found in 
the urinary sediment of a child, the diagnosis of Wilms' tumor may 
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be entertained (Fig. 23-55). The differential diagnosis includes all other “small blue cell 
tumors” of childhood and requires clinical data for confirmation. 
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Figure 23-55 Wilms' tumor in a 9-year-old boy. A-C. The urinary sediment shows 
clusters of small cancer cells. D. Histology of the tumor. 



Malignant Lymphoma 

Sano and Koprowska (1965) reported an exceedingly rare case of primary malignant 
lymphoma of the kidney diagnosed on urinary sediment. Cheson et al (1984) reported a case 
of disseminated lymphoma with renal involvement. The cytologic presentation was comparable 
to other lymphomas in urinary sediment (see above). 
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24 

The Gastrointestinal Tract 



The parts of the gastrointestinal tract that are accessible to cytologic investigation are the 

esophagus, stomach, duodenum, colon, and the biliary and pancreatic ducts (Fig. 24-1). 
The methods of sampling are similar for all the organs, except colon. 

METHODS OF SAMPLING 

The introduction of flexible fiberglass optics instruments has not only revolutionized the 
endoscopy of the entire gastrointestinal tract but also allowed direct sampling of any visible 
lesion by cytology or tissue biopsy. Avariety of instruments specially adapted to the 
inspection of the esophagus, 

stomach, duodenum, and colon are available. Ultrathin endoscopes with a diameter smaller 
than 6 mm, provided with a video camera, are now available (Van Damm and Brugge, 1999). 
These procedures can be performed on any patients with radiographic abnormalities or clinical 
symptoms, or as a part of cancer prevention programs in asymptomatic patients at risk for 
stomach (in Japan) or colon carcinomas. The instruments may also be used for laser treatment 
of superficial lesions. 
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Figure 24-1 Schematic representation of portions of the gastrointestinal tract 
accessible to cytologic investigation. The transverse colon is omitted, to demonstrate 
the pancreas and the duodenum. 



The principles of collection of material for diagnostic sampling are the same for all organs. 
The instruments are provided with an accessory channel through which a brush, a plastic tube, 
or a small biopsy forceps may be passed. Thus, brushing, lavage, or a biopsy of any area in 
the gastrointestinal tract may be performed under direct visual control. Cytologic sampling 
must be performed prior to biopsy. 

Washings of the esophagus or stomach without endoscopic control are nowadays very 
rarely used, although this simple technique led to the monumental contributions by Schade 
(1956, 1959, and 1960AB) to the diagnosis of early gastric cancer. An equal volume of 95% 
alcohol must be added to the fluid immediately after aspiration to preserve the cells. 

Endoscopically directed needle aspiration biopsy for the diagnosis of esophageal and 
gastric lesions was described by Layfield et al (1992) in a small number of patients with 
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moderate success. Atransbronchial aspiration needle was used in the procedures. There is no 
evidence that this technique achieved widespread acceptance. 

Endoscopic ultrasound-guided needle aspiration biopsy has been proven effective in 
sampling small lesions of various organs of the gastrointestinal tract (Kosch et al, 1992; Chang 
et al, 1994; Mallery and Van Damm, 1999; Jhala et al, 2003). Perhaps the most important 
application of this technique is in sampling of intramural lesions and in assessing small 
lesions of the pancreas (Gress et al, 2001 ; Afify et al, 2003). For comments on the application 
of this technique to lesions of the biliary tree, see below. 

“Salvage cytology” is a technique proposed by Graham et al (1979) consisting of washing 
the channel of the endoscopic instrument with saline and collecting the fluid for cytologic 
analysis into a suction trap. Initially, the technique was intended for use after biopsies (Graham 
and Spjut, 1979) but Caos et al (1986) reported its successful application without biopsies. 

The application of esophageal and gastro-esophageal balloons and similar techniques 

for purposes of cancer detection are described below. 

Special methods of cytologic investigation of the colon and rectum and the biliary tract are 
described further on in this chapter. 

P.849 



PREPARATION OF SMEARS 

Preparation of smears from material obtained by endoscopic instruments is an important part of 
diagnostic evaluation of patients. Special skills are required for handling of brushes and direct 
needle aspirates. Brushing is usually performed to sample a visible lesion. Upon completion of 
brushing, the brush must be carefully, yet rapidly, withdrawn from the instrument and the 
smears prepared without delay, either by the physician or a trained assistant. Usually a 
brush yields two to four smears. Alternately, the entire brush may be forwarded to the laboratory 
for further processing (see Chap. 44). Preparation of smears from aspirates is best performed 
by a trained cytopathologist or technologist by methods described in Chapter 28. 

THE ESOPHAGUS 
ANATOMY AND HISTOLOGY 

The esophagus is a tubular structure with muscular walls which extends from the pharynx 
across the diaphragm to the cardia of the stomach. The esophageal lumen is slightly narrowed 
at the level of thyroid cartilage, the bifurcation of the trachea, and the diaphragm. These are the 
sites wherein esophageal carcinoma tends to occur (see below). The esophagus is in close 
proximity to many vital structures. In the neck, the larynx and the trachea are immediately 
anterior; the recurrent nerves run along lateral walls of the esophagus, and the vagus nerves 
descend along its anterior and posterior walls. In the upper thorax, the esophagus is in contact 
with the trachea and the arch of the aorta. At the level of the heart, the left auricle is in close 
proximity. Thus, cancers of esophagus not only may obstruct its lumen, but also may 
invade and damage several vital organs. 

The esophagus is lined by nonhornifying squamous epithelium (Fig. 24-2A). Islands of 
gastric epithelium may be found in the areas immediately adjacent to the cardia and, 
rarely, elsewhere within the esophagus. Small, mucus-producing glands are found in the 
submucosa. The epithelium rests on a connective tissue layer, the submucosa or the lamina 
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propria, which separates the epithelium from the muscle layers or the muscularis propria. 

NORMAL CYTOLOGY 

The cytology of the esophageal aspirates, brushings, and washings in the absence of disease 
is extremely simple. The smears are composed essentially of superficial squamous cells 
with vesicular nuclei, identical to those observed in sputum samples (Fig. 24-2B). Less 
frequent are smaller squamous cells derived from the deeper layers of the epithelium 
and provided with nuclei of similar sizes and configuration to the superficial cells. 
Occasionally, benign squamous “pearls,” may be noted. It is not unusual to find 
swallowed cells of respiratory origin, such as dust-containing macrophages and 
ciliated bronchial cells (see Chap. 19). Also, gastric epithelial cells, singly or in clusters, 
may occur (see Fig. 24-16). Foreign material, especially plant (vegetable) cells, may be 
present if there is an obstruction of the esophageal lumen. For description of these 
contaminants, see Chapter 19. 

BENIGN DISORDERS 

Acute and Chronic Erosive Esophagitis 

This group of diseases of varying etiology is very important in diagnostic cytology, because it 
produces cells that may be confused with cancer. Esophagitis may have different causes 
such as trauma, acid reflux from the stomach, a reaction to swallowed corrosive 
liquids, cardiospasm of long standing, Plummer-Vinson syndrome (also known as 
sideropenic dysphagia, a syndrome of atrophy of the esophageal epithelium and iron 
deficiency anemia), some forms of avitaminosis, scleroderma (or systemic sclerosis of 
connective tissue, affecting primarily the skin), and hiatus hernia. It is of interest that, in 
older women, systemic sclerosis may be associated with the presence of persisting fetal 
DNA, suggesting that this disease may be an immune response to remote past pregnancies 
(Artlett et al, 1998). It is not known whether chronic erosive esophagitis, a rare, sometimes 
fatal disease, is related to any of these disorders. Adrug, alendronate, an inhibitor of bone 
resorption (osteoporosis) has been shown to cause a chemical esophagitis in some patients 
with erosions and ulcerations of esophageal mucosa and thickening of the esophageal wall. In 
some cases, the disease is severe and disabling (De Groen et al, 1996). 

Histology 

The histologic lesion in esophagitis is mucosal erosions or ulcerations varying in number, 
depth, and configuration. There is moderate infiltration of the stroma with inflammatory cells. 
The surface of the lesion may be covered with granulation tissue or fibrin. Chronic erosive 
esophagitis is characterized by loss of superficial epithelial layers (mucosal erosions) 
(Fig. 24-2C). Squamous metaplasia of the submucosal glands may occur in this disorder. 

Cytology 

Cells desquamating from the eroded esophageal epithelium are derived from the deep layers 

and are of the same size as parabasal squamous cells, occurring singly and in small 
clusters. The cytoplasm is evenly distributed and the cells do not vary much in size. In clusters, 
there is good adherence of the cells to each other. The most outstanding features of the 

relatively large, somewhat hyperchromatic nuclei of these cells, sometimes show 
isolated clumps of chromatin and, occasionally, large nucleoli that may lead to an 
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erroneous diagnosis of cancer (Fig. 24-2D). Careful attention to cellular detail helps in the 
correct interpretation of the cytologic findings. The cells seen in erosive esophagitis 
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may be similar to those observed in “repair” of squamous epithelium or in pemphigus (see 
Fig. 21-10). 





Figure 24-2 Normal esophagus and esophageal erosion. A Normal squamous 
epithelium lining the esophagus. B. Normal squamous cells in an esophagus brush. C. 
Erosive esophagitis. The superficial layers of the squamous epithelium are missing, thus 
exposing deeper parabasal cells. D. Esophageal washing in a case of erosive esophagitis. 
Small squamous cells with prominent nuclei and nucleoli are shown. (Oil immersion.) 



A recently recognized entity, eosinophilic esophagitis, has been observed mainly in children 
but also in adults (Liacouras, 2003; Dahms, 2004). Clinically, the disease causes painful reflux 
esophagitis that mimics gastroesophageal reflux disease (GERD) but does not respond to 
antiacid treatment. Dense eosinophilic infiltrate of the esophageal wall has been observed in 
biopsies (Straumann et al, 2004). There are no reported cases of this entity diagnosed on 
cytologic sampling. 



Herpetic Esophagitis 
Clinical Findings and Histology 

Many years ago, Berg (1955) emphasized the occurrence of this disease in cancer patients 
who, in the course of treatment, sustained a surgical or radiation injury to the esophagus. 
Immunosuppressive therapy, cytotoxic anticancer drugs, and acquired 
immunodeficiency syndrome (AIDS) have contributed to an increased frequency of this 
disease (Lightdale et al, 1977). Most patients have vague complaints referable to the 
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esophagus, such as retrosternal pain or mild dysphagia. Herpetic esophagitis produces 
extensive, although superficial, ulcerations of the esophageal mucosa. In biopsies, 
intranuclear eosinophilic inclusions are observed within the epithelial cells. The use of 
cytology resulted in primary diagnosis in several cases. Surprisingly, in some patients, there 
was no past history of immune deficiency or immunosuppression. It is, therefore, 
possible that the disease is more common than hitherto anticipated. We have observed 
apparent simultaneous involvement of the esophagus and the bronchial tree. 

Cytology 

The disease may be diagnosed in material obtained from the esophagus by washings, or 
brushing. The cytologic findings 
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are identical with those observed in the material from the female genital tract (see Fig. 10-29), 
and the respiratory tract (see Chap. 19 and Fig. 19-36). Multinucleated cells with molded 
“ground-glass,” opaque nuclei and cells with intranuclear eosinophilic inclusions are 
observed (Fig. 24-3AB). 




Figure 24-3 Infectious disorders of the esophagus. A Typical cell changes of 
herpesvirus infection showing large multinucleated squamous cells with eosinophilic 
intranuclear inclusions. B. Another example of cells in herpetic esophagitis with large 
eosinophilic intranuclear inclusions. C. Pseudohyphae and yeast form of Candida albicans 
(moniliasis) in a patient with AIDS. D. Nocardia in esophagus. The GMS silver stain shows 
complex filaments of this bacterium. (B: Oil immersion.) 



Esophageal Infections in AIDS 

Esophagitis is a common early manifestation of AIDS. Candidiasis (moniliasis) (Fig. 24-3C), 
herpetic esophagitis (see above), cytomegalovirus infection (see Fig. 24-1 7B), and other 
infectious agents such as Nocardia may be identified in cytologic samples obtained during 
esophagoscopy (Fig. 24-3D). Geisinger (1995) stressed that cytologic techniques are much 
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superior to biopsies in the diagnosis of Candida esophagitis. Teot et al (1993) reported a 
case with simultaneous herpetic and cytomegalovirus esophagitis in AIDS. Borczuk et al 
(1998) described a case of esophagitis caused by Trichomonas, diagnosed in esophageal 
brushings, in a male patient with AIDS. 

Tuberculous esophagitis has been described in India where this disease is prevalent (Jain et 
al, 1999). The finding of clusters of elongated epithelioid cells and occasional Langhans' 
type giant cells, in a background of inflammatory exudate, is suggestive of this rare event. 

Because of a marked increase of tuberculosis in AIDS patients, it may be anticipated that such 
cases will soon occur in the Western world as well. 

Esophageal Diverticula 

Esophageal diverticulum is an outpouching of the esophageal epithelium through the 
muscular wall of the organ. A diverticulum distended by accumulated food particles may 
produce symptoms of esophageal obstruction similar to those of cancer. There are no 
cytologic abnormalities known to occur in the presence of a diverticulum. However, rare 
cancers originating within the diverticula may be diagnosed by cytology (see below). 

BARRETT'S ESOPHAGUS (COLUMNARLINED ESOPHAGEAL EPITHELIUM) 

Clinical and Histologic Data 

The syndrome, first described by Barrett in 1950, consists of a replacement of the distal 
esophageal squamous epithelium by columnar epithelium of gastric or intestinal 
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type, associated mainly with chronic gastroesophageal reflux disease (GERD), and sometimes 
with hiatus hernia and esophageal stricture (Mossberg, 1966; Burgess et al, 1971; Spechler 
and Goyal, 1986; Chandrasoma et al, 2001; Shaheen and Ransohoff, 2002). The segment of 
the replaced esophageal mucosa may be short or long (recent summaries in Glickman et al, 

2001 and Spechler, 2002). The symptoms associated with Barrett's syndrome are dysphagia, 
regurgitation, heartburn, and pain. Episodes of acute obstruction may occur, sometimes 
caused by peptic ulcers, similar to gastric ulcers (Fig. 24-4). In such cases, the radiologic 
examination may reveal a stricture that may mimic to perfection the appearance of an 
esophageal carcinoma (see Fig. 24-4A), although there is usually a preservation of esophageal 
peristalsis above and below. After treatment, the stricture may regress significantly (Fig. 24-4D). 
Barrett's syndrome is, perse, a benign disorder, but has now been recognized as a risk 
factor for adenocarcinoma of the esophagus and, to a lesser extent, of gastric cardia 
(Lagergren et al, 1999). Cytologic techniques may be used to monitor patients with 
Barrett's esophagus to identify malignant transformation and precancerous states, as 
described below. 
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Figure 24-4 Barrett's esophagus with ulcer formation. A. Narrowing and obstruction of 
the esophagus in a barium swallow in a 56 year old man. B. Brushing of the obstructed 
area revealed benign columnar cells of intestinal type and normal squamous cells. C. 
Biopsy of the affected area shows a transition between normal squamous epithelium on left 
and gastric type epithelium on right, characteristic of Barrett's esophagus. D. Barium 
swallow after conservative treatment. The narrowing and the esophageal occlusion seen in 
A have nearly disappeared and the patient became asymptomatic. 



Histologic findings show an abrupt transition from the normal squamous epithelium to 
mucus-producing columnar epithelium of gastric type or of intestinal type with goblet 
cells (see Fig. 24-4C). The epithelium may form cysts wherein Rubio et al (1989, 1992) 
observed occasional presence of ciliated columnar cells, although this finding was much 
more common in papillary carcinomas (see below). 

Cytology 

Although the diagnosis of uncomplicated Barrett's esophagus is usually established by 
esophagoscopy and biopsies, cytologic examination of esophageal brush specimens, 
aspirates or washings, may be valuable in establishing baseline data for comparison with 
future abnormalities occurring during the follow-up of these patients. The smears, containing 
mucus-producing benign columnar cells and goblet cells, usually in clusters, 
characteristic of mucus-producing intestinal epithelium, are diagnostic of Barrett's 
esophagus (see Fig. 24-4B). The glandular cells have small, spherical, nuclei of even sizes. 

The peripheral nuclei of the goblet cells may appear a bit darker. We have not 
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observed the ciliated columnar cells described by Rubio (1989), except for swallowed cells 
of bronchial origin. Fennerty et al (1995) attempted to diagnose this disorder by esophageal 
balloon technique (described below) without success. Malignant changes in Barrett's 
esophagus are described below. 
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BENIGN TUMORS 

Focal Hyperplasia and Papillomas (Condylomas) of Squamous Epithelium 
In 1982, Syrjanen et al described a rare papilloma-like lesion of the squamous epithelium 
of the esophagus, akin to a condyloma acuminatum, and postulated that human 
papillomavirus (HPV) may be a factor in the genesis of this tumor. Winkler et al (1985) 
confirmed this hypothesis by documenting the presence of HPV antigen in two such lesions and 
in 11 of 73 “focal hyperplasias,” some of which resembled “flat condylomas” with 
significant koilocytosis and nuclear abnormalities. Further evidence that HPV is present in 
papillomas was provided in case reports (Yamada et al, 1995; Politoske, 1992) and by 
Lavergne and de Villiers (1999) who confirmed the presence of the virus in 4 of 11 papillomas 
of the esophagus by molecular analysis. Apparently, none of these lesions progressed to 
cancer. It is of note, though, that Syrjanen (1982) observed “flat condylomas” at the periphery 
of invasive esophageal cancers. There is no known cytologic presentation of these lesions but 
it is likely that koilocytes should be observed in smears. 

Granular Cell Tumor or Myoblastoma 

Acase of granular cell myoblastoma of esophagus diagnosed on esophageal brushings was 
described by Cordoba et al (1998). The lesion is very unusual in this location. The cytologic 
presentation of this tumor has been described in reference to the lung (see Chap. 20) and the 
breast (see Chap. 29). 

Leiomyoma 

We had the opportunity to study esophageal lavage and brush specimens from several cases 
of leiomyomas of the wall of the esophagus. The tumors could not be recognized in cytologic 
samples. 

SQUAMOUS CARCINOMAAND ITS PRECURSORS 

Epidemiology and Clinical Aspects 

Squamous carcinoma is, by far, the most common type of esophageal cancer. The disease may 
affect any part of the esophagus, but occurs preferentially in segments of slight narrowing: 
at the level of the thyroid cartilage, bifurcation of the trachea, and the diaphragm. As a general 
rule, fully developed esophageal cancers cause obstruction of the esophagus, resulting in 
difficulties of swallowing and dysphagia. 

Squamous cancer of the esophagus is a quasi-endemic disorder in northeastern Iran, in parts 
of China, among the Chinese in Singapore, among Africans in southern Africa, and among men 
in Brittany (France) (Enzinger and Mayer, 2003). In the United States, the disease is relatively 
uncommon; African American men appear to be more prone to it than other ethnic groups. In 
general, the disease is more common in males than in females. Epidemiologic data suggest that 
intake of hot beverages, cigarette smoking, and alcohol consumption are possible risk factors 
(Tavani et al, 1994; Enzinger and Mayer, 2003). Recent studies in China failed to reveal any 
consistent risk factors except, perhaps, diet (Li et al, 1989; Yu et al, 1993). Auerback et al 
(1965) demonstrated a high frequency of squamous carcinoma in situ of the esophagus among 
smokers. 

The prognosis of esophageal squamous carcinoma is stage related. The overall survival is 
about 20% (Lerut et al, 1992; Goldmine et al, 1993). Izbicki et al (1997) pointed out that the 



1476/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



24 - The Gastrointestinal Tract 



prognosis of patients with clinical stage I disease, confined to the wall of the esophagus, may 
be modified by finding occult micrometastasis in regional lymph nodes stained with an 
epithelial antibody. Stockeld et al (2002) described the use of fine needle aspiration (FNA) 
biopsy technique for prognosis of esophageal squamous cancer. Aspirates of the esophageal 
wall, obtained at 2 cm intervals, led to the discovery of microscopic tumor spread in onethird of 
the 52 investigated patients. The results were more accurate than synchronous esophageal 
brushing or multiple biopsies. The ratio of benign to malignant cells in the aspirated samples 
appeared to be of prognostic significance. 

Kwong et al (2004) studied chromosomal aberrations in esophageal squamous cancer by 
comparative genomic hybridization. Numerous gains and losses were observed but gain in the 
short arm of chromosome 12 (+ 12p) predicted poor prognosis after surgery, at least among 
the Chinese. 

Adenocarcinoma occurring in Barrett's esophagus is discussed below. 

Human Papillomavirus in Squamous Cancer of the Esophagus 

Invariably, as with all squamous cancers, the question of human papillomavirus (HPV) as a 
factor in the genesis of this tumor was raised (Syrjanen, 1987). HPV DNA presence in five 
invasive esophageal cancers was first reported by Kulski et al (1986). Subsequently, Chang et 
al (1992) reported the presence of HPV in 25 of 51 (49%) biopsies from Chinese patients with 
invasive esophageal carcinoma. In 16 of these 25 specimens, HPV types 16 and 18 were 
documented by in situ hybridization. Other types of HPV were observed in the remaining 7 
patients. In the same study, 53 of 80 cytologic preparations, also from asymptomatic Chinese 
patients from a high-risk area, were positive for HPV by filter in situ hybridization. HPV was also 
detected in cells of 2 of 9 patients without cytologic abnormalities, in 3 of 6 patients with “mild 
dysplasia,” in 25 of 31 
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patients with “moderate dysplasia,” in 19 of 28 patients with “severe dysplasia,” and in 4 of 6 
patients with invasive carcinoma. In an update of this study, Chang et al (2000) reported that 
16.9% of 700 Chinese patients with esophageal carcinoma were HPV positive, with 27% of the 
positive samples containing the “high risk” HPV types 16 and 18. 

These data were either confirmed or contested in several papers. Thus, Cooper (1994) and He 
(1997) observed HPV in about 15% of esophageal cancers. De Villiers et al (1999), known for 
impeccable laboratory technique, confirmed the presence of HPV of various types in 17% of 
samples from Chinese patients. Takahashi et al (1998) and Kawaguchi et al (2000) observed 
that the presence of HPV was associated with mutations of the p53 gene. 

On the other hand, Smits et al (1995) from the Netherlands, Benamouzig et al (1995) from 
France, and Mizobuchi et al (1997) from Japan, were unable to identify HPV in their many 
samples. In a study of 51 patients with squamous carcinoma from three North American cities, 
only one patient's tumor contained HPV type 16 (Turner et al, 1997). 
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Figure 24-5 Squamous cancer of the esophagus. A Composite image of well 
differentiated squamous cancer cells observed in typical squamous carcinoma of the 
esophagus. The cancer cells are markedly keratinized and have obvious enlarged 
hyperchromatic nuclei. B. Invasive squamous carcinoma of the esophagus corresponding 
to A C. Poorly differentiated squamous carcinoma of the esophagus. The tumor cells are 
smaller and show marked nuclear abnormalities. D. Tissue lesion corresponding to C. (A: 
Images obtained by PAPNET apparatus. With permission of TriPath Imaging, Burlington, 
NC.) 



It is quite evident that the issue of the role of HPV in esophageal carcinoma has not been 
definitely settled but there appears to be little doubt that in tumors from some patients, mainly 
Chinese and Japanese, the virus is present (Galloway and Daling, 1996). Since a person-to- 
person transmission of HPV is unlikely in these patients, an activation of the latent 
viral infection is a more likely explanation of these findings. 

It is of note that Wang et al (1999) detected Epstein-Barr virus (EBV) in squamous cancer in 
Taiwan. 

Histology 

Histologic appearance of squamous cancer may vary in the degree of differention from well 
differentiated, highly keratinized (verrucous) types (Fig. 24-5B) to poorly differentiated 
squamous cancer (Fig. 24-5D) and, rarely, small-cell (oat cell) type of carcinoma (Rosen et 
al, 1975; Bogomoletzet al, 1989). Abasaloid variant, resembling a basal cell carcinoma but 
with a highly malignant behavior, was described (see Fig. 24-6D) (Abe et al, 1996). Focal 
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glandular features may be observed in a substantial proportion of epidermoid carcinomas 
(Kuwano et al, 1988). Some of the poorly differentiated carcinomas may show endocrine 
granules in electron microscopy (Reyes et al, 1980). 

Cytology 
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As discussed above, these tumors may occur in a variety of grades and degrees of 
differentiation. The cytologic findings in esophageal washings or brushings closely reflect these 
structural variants and are similar to those described for bronchogenic carcinomas of similar 
histologic types (see Chap. 20). 

The well-differentiated squamous carcinoma produces heavily keratinized abnormal 
squamous cells, singly or in clusters, with either completely pyknotic, hyperchromatic 
nuclei, or with nuclear shadows, much in the manner described for similar cancers of the 
bronchus (Fig. 24-5A; see Chap. 20). Koilocyte-like cells with large, hyperchromatic nuclei 
and perinuclear clear zones or halos are sometimes observed in such tumors. There is no good 
correlation between these cells and the presence of HPV. 




Figure 24-6 Poorly differentiated squamous (epidermoid) carcinoma and small cell 
esophageal cancer. A. Esophageal balloon sample shows a cluster of cancer cells from 
an occult epidermoid carcinoma of the esophagus shown in B. C. Composite images of a 
small-cell (oat cell) carcinoma of the esophagus. Note the very small cancer cells forming 
clusters and sheets. D. Basaloid carcinoma of the esophagus composed of small cells. In 
spite of its orderly appearance, this tumor is highly malignant. ( C : Images obtained with the 
PAPNET apparatus. With permission of TriPath Imaging, Burlington, NC.) 



Less well-differentiated squamous cancers of large cell type (epidermoid carcinomas) 

are characterized by smaller cancer cells with very scanty basophilic cytoplasm, often 
forming clusters, particularly in brush specimens (Figs. 24-5C and 24-6A). The nuclear 
abnormalities in the form of enlargement, hyperchromasia and large nucleoli are 
usually quite evident. The diagnosis of tumor type depends largely on the finding of squamous 
cancer cells with eosinophilic cytoplasm, which may be very scarce. 

Small cell carcinomas, the most anaplastic varieties of squamous cancer, produce 
cancer cells that often are very small, with abnormally large, hyperchromatic nuclei 
and very scanty cytoplasm (Fig. 24-6C). The corresponding tissue sections may sometimes 
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show the “basaloid” tumor pattern (Fig. 24-6D). Horai et al (1978), Reid et al (1980), and Imai et 
al (1978) described several examples of such carcinomas. Hoda and Hajdu (1992) pointed out 
that, contrary to oat cell carcinoma of the bronchus, cell molding 
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was uncommon in the esophageal tumors and that the evidence of endocrine activity in 
these tumors was insecure. 

Squamous or epidermoid carcinomas of the distal end of the esophagus may extend into 
the gastric cardia and fail to produce radiographic abnormalities of cancer on cursory 
examination. Cytologic examination, either by esophageal or gastric brushings, may be of 
critical diagnostic importance (Fig. 24-7). 

The use of fine needle aspiration of the esophageal wall, for diagnosis and prognosis of 
squamous cancer, proposed by Stockeld et al (2002) was described above. 

Precursor Lesions of Squamous Carcinoma and Their Detection: Lessons From 
China 

In the 1 961 and 1 968 editions of this book, it was anticipated that carcinoma of the 
esophagus must be preceded by precancerous epithelial changes, such as carcinoma 
in situ and related abnormalities. In the Western world, the knowledge of precancerous 
squamous lesions of the esophagus is scarce. There are several cases on record in which 
squamous carcinoma in situ and related lesions had been observed as incidental findings 
(previous editions of this book; Imbriglia and Lopusniak, 1949; Auerback et al, 1965; Ushigome 
et al, 1967; Koss et al, 1998) or as a lesion accompanying invasive carcinoma (Suckow et al, 

1962; Kuwano et al, 1988). However, the hypothesis could be confirmed only by the extensive 
cytologic and histologic studies of esophageal cancer conducted by Chinese investigators. 




Figure 24-7 Poorly differentiated squamous carcinoma involving distal esophagus 
and adjacent gastric cardia. The tumor was roentgenologically occult. A,B. Clusters of 
small malignant squamous cells in esophageal lavage. C. Squamous carcinoma in situ 
involving lower esophagus with transition to invasive carcinoma, shown in D. 
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The stimulus for the Chinese studies was the very high prevalence rate of esophageal 
cancer in certain areas of central and northern China (Yang, 1980; Shu 1984, 1985). It is 
of incidental interest that, in the same areas of China, chickens are susceptible to cancer- 
like tumors of the gullet. The relationship of these tumors to human cancer is not 
understood. Except for its possible association with diet and human papillomavirus, the causes 
of human esophageal cancer in China and its relationship to the tumors in poultry, remain 
unknown at the time of this writing (2004). 

The Chinese investigators proposed that prevention of esophageal cancer could be based 
on the same principles as detection of precursor stages of cancer of the uterine 
cervix. If cytologic samples, obtained in asymptomatic, high-risk populations, could lead to the 
discovery of precancerous lesions, then early surgical intervention or photodynamic 
therapy could prevent invasive esophageal cancer with its very high mortality rate (Yang et al, 

2002). The instruments used in the cytologic investigations were small, 
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inflatable plastic balloons with abrasive surface (Fig. 24-8), modifications of a gastric 
balloon that was described in 1950 by Panico et al. The balloon was attached to a 
narrowcaliber tube with color markers to indicate the position of the balloon in the esophagus. 

The balloon could be easily swallowed in deflated state, moved by peristalsis to the cardia, 
inflated, and slowly withdrawn to the level of the cricoid cartilage. At this point, the balloon is 
deflated and withdrawn. The abrasive surfaces of the balloon contained cells scraped from the 
surface epithelium that could be examined in smears. The method, which was tested in our 
institution, caused trivial discomfort to the patients and was well accepted (Greenebaum, 1984). 




Figure 24-8 Esophageal balloon, collapsed ( bottom ) and distended with air {top). Note the 
rugosity of the surface that serves to obtain cell samples from the esophagus. The balloon 
is connected to a plastic tube with markers to indicate the position of the balloon in the 
esophagus. (Courtesy of Dr. Yi-Jing Shu, St. Gallen, Switzerland.) 



The accuracy of balloon sampling was tested in China on 1,861 patients with overt 
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esophageal cancer, documented by biopsy. The accuracy varied from 87.2% to 99.0%, 
averaging 94.9% (summary in Shu 1984, 1985). As reported by Shu in 1984, the cytologic 
sampling by balloon proved to be much superior to either endoscopy or radiologic 
examination for the diagnosis of precursor lesions and early invasive squamous 
carcinoma. In an elaborate statistical analysis, Dawsey et al (1994AB) compared the results 
of cytologic sampling with the incidence rates of esophageal squamous carcinoma in 
the Linxian province of China and concluded that the esophageal balloon cytology 
successfully identified persons at increased risk for esophageal cancer. This was 
confirmed for the Anyang County of China by Yang et al (2002). It is not known how the balloon 
method would compare with contemporary endoscopy, which because of cost and limited 
availability could not be used on a very large scale for purposes of esophageal cancer 
detection. 

Several other methods to study esophageal cytology were developed. Jaskiewiczet al (1987) 
used a small sponge, attached to a string and packaged in an easy-to-swallow gelatin 
capsule to study patients in South Africa. A similar system was described by Sepehr et al 
(2000) as better acceptable to patients. Qin and Zhou (1992) described an elastic plastic tube 
for esophageal sampling and reported an accuracy of 96% in the diagnosis of cancer. 

Results of Screening 

The first results of the population survey were presented in the Fourth International Cancer 
Congress in Florence, Italy in 1974 by an anonymous group representing the Chinese Academy 
of Medical Sciences. A cytologic survey of 17,471 persons over 30 years of age was conducted 
in the Henan Province in northern China. “Dysplasia” of the esophageal epithelium was 
observed in 276 patients, mostly below the age of 40, whereas invasive carcinoma in this 
population usually occurred in patients older than 40. Follow-up study of the patients with 
“dysplasia,” some over a period of 7 to 10 years, disclosed that 30.3% of them developed 
esophageal carcinoma, in 27.3% the original lesion persisted unchanged, and in 42.4% the 
changes either regressed to mild dysplasia or reverted to normal. In histologic studies of 67 
patients, the progression of dysplasia of various types to carcinoma in situ could be 
observed in many specimens. It was the conclusion of this study that “marked dysplasia” 
must be considered a precancerous lesion. During the intervening years and changing 
political conditions in China, the names of the investigators became known (summary in Shu 
1984, 1985), and the results of several surveys became available. 

As related by Shu in 1984, there is no doubt that mass screening for esophageal carcinoma in 
high-risk areas of-China had a major beneficial effect. Before screening was instituted, the 
diagnosis of carcinoma in situ or early invasive carcinoma was 2 per 1 ,000 in low-risk areas 
and 10 per 1,000 in high-risk areas. Screening of 81,187 asymptomatic people over the age of 
30 in the high-risk Henan Province resulted in the discovery of 880 esophageal cancers ( a 
huge prevalence rate of 1%!), of which 649 (73.7%) were early and treatable by surgery (Shu, 
1984). Less is known about survival of these patients, but Dr. Shu assured me that most of the 
treated patients survived 5 years or longer with a good quality of life. This information must be 
compared with a survival of about 10% to 25% of patients with invasive squamous cancer of 
the esophagus commonly observed in the Western world (Ide et al, 1994; Lieberman et al, 
1995). Kwong et al (2004) reported that, among Chinese patients with esophagus cancer, those 
showing a gain of the short arm of chromosome 12 (+p12) in the tumor had poor outcome 
after surgical treatment, regardless of stage of disease. 
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Screening for Esophageal Squamous Cancer in Countries Other Than China 

The accomplishments of the Chinese scholars found several imitators. Thus, Berry et al (1981) 
attempted a similar project in South Africa (where the rate of esophageal cancer is very high 
among some black populations), resulting in the discovery of 15 occult invasive carcinomas and 
carcinomas in situ in 500 patients studied. Dysplasia was illustrated, but the clinical significance 
of the lesion was not discussed. Similar results were reported by Jaskiewicz et al (1987) from a 
high-risk rural population in Transkei (South Africa); in 
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five patients, dysplastic changes progressed to invasive cancer. 

To our knowledge, the Chinese experience has not been duplicated in the Western countries, 
except for the work in this laboratory. Greenebaum et al (1984) studied 96 high-risk Montefiore 
Hospital patients in New York City by the balloon technique. The selected patients had prior 
cancers of the larynx or pharynx, or were alcoholics and heavy cigarette smokers. Greenebaum 
unexpectedly found three occult recurrent oropharyngeal cancers and one carcinoma in 
situ of the esophagus, observed in a man with prior history of squamous carcinoma of 
the larynx. The biopsy of the esophagus disclosed fragments of squamous cancer in the 
absence of radiologic abnormalities. 

Classification of Precancerous Lesions in China 

Based on cytologic and histologic criteria, the Chinese investigators divided the precancerous 
lesions into two groups: dysplasia and carcinoma in situ. The criteria were derived from 
the classification of precancerous lesions of the uterine cervix (see Chap. 11). Lesions 
with more orderly epithelial growth, surface differentiation, and relatively minor 
nuclear abnormalities were classified as dysplasia and lesions with more significant 
atypia were classed as carcinoma in situ. 

The dysplasias were further subdivided into mild, moderate, and severe, based mainly 
on cytologic criteria (see below). The true significance of dysplasia is not clear. Although, in 
some patients, the lesions either failed to progress or regress, there is no doubt that, in a 
substantial number of untreated patients, invasive cancer of the esophagus was 
subsequently observed (Shu 1984, 1985). The same conclusion was reached by Sugimachi 
et al (1995), who considered “dysplasia” as an early carcinoma of the esophagus. In any event, 
the insecure behavior of the precancerous lesions of the esophagus is remarkably 
similar to lesions of the uterine cervix (see Chap. 11). 

Cytology 

Much of the current knowledge of cytology of precursor lesions comes from Chinese sources 
(summaries in Shu, 1984, 1985; Shen, 1984). There is a remarkable similarity between the 
cytologic presentation of carcinoma in situ and related lesions of the esophagus and those of 
the uterine cervix (see Chap. 11). As in the uterine cervix, the lesions may be 
conveniently divided into high grade and low grade. 

High-Grade Lesions 

The squamous cancer cells derived from high grade lesions (high grade dysplasia, 
carcinoma in situ) are of the parabasal variety. The nuclear abnormalities consist of 
enlargement and hyperchromasia; the cytoplasm is scanty, resulting in a high 
nucleocytoplasmic ratio (Fig. 24-9). Cell clustering is common. Shu (1984, 1985) illustrated 
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several examples of progression of dysplasias to carcinoma in situ and, in some 
cases, to invasive carcinomas over a period of 2 to 4 years. 

There are very few cases of carcinoma in situ diagnosed by cytology in the Western world. 
Besides the case reported by Imbriglia and Lopusniak (1949), one case of a lesion approaching 
carcinoma in situ was personally observed in esophageal washings in a 59-year-old man with 
an esophageal diverticulum and symptoms of obstruction, leading to the clinical diagnosis of 
esophageal cancer. The lesion was characterized by typical dyskaryotic (dysplastic) 
superficial and parabasal squamous cells. The biopsies, which, unfortunately, were 
obtained after an initial short course of radiotherapy, localized the lesion to the diverticulum, 
which was subsequently successfully resected. The histologic appearance of the epithelium 
disclosed nuclear abnormalities and some degree of disarrangement of the component cells. 
One carcinoma in situ was recognized during balloon screening of a high risk population by 
Greenebaum et al (1984), and another during analysis of esophageal cytologic abnormalities by 
a neural net-based scanning system (Koss et al, 1998). In both cases, the smears contained 
squamous cancer cells, singly and in clusters, that could not be differentiated from an 
invasive squamous cancer (Fig. 24-10). The last patient who had a history of esophageal 
stricture and necrotizing esophagitis, was alive without evidence of esophageal cancer 3 years 
after the diagnosis. These anecdotal cases confirm the insecure prognosis of precursor lesions 
of esophageal squamous carcinoma. 

Low-Grade Lesions 

Low-grade lesions of the esophagus (mild or moderate dysplasia; Fig. 24-11) are characterized 

by well-differentiated superficial and intermediate squamous cells with marked nuclear 
enlargement and hyperchromasia. In some patients, koilocytes may be observed. The 
resemblance of these cell abnormalities to dyskaryosis (dysplasia) of cervical squamous cells is 
remarkable (see Chap. 11). 

ADENOCARCINOMAAND ITS PRECURSORS 

Clinical Data and Natural History 

Although only about 3% of esophageal cancers are adenocarcinomas, this disease has 
generated an enormous amount of attention because of its association with “columnarlined 
epithelium” or Barrett's esophagus (Haggitt et al, 1978; recent reviews in Shaheen and 
Ransohoff, 2002; Enzinger and Mayer, 2003). It is estimated that the presence of this 
abnormality increases the chances of adenocarcinoma about 50-fold and that the risk factor is 
in proportion to the size of the lesion (Menke-Pluymers et al, 1993; Lagergren et al, 1999). The 
association of Barrett's esophagus with carcinoma is sometimes referred to as Dawson's 
syndrome. However, adenocarcinomas of the esophagus may also occur in the absence 
of Barrett's syndrome. The prognosis of esophageal adenocarcinoma is poor with 1-year 
survival 

estimated at 44% but 5-year survival at only 13% (Eloubeidi et al, 2003D). 
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Figure 24-9 Examples of squamous carcinoma in situ from China. A,B. Moderately 
well-differentiated squamous cancer cells. C. Squamous carcinoma in situ in biopsy 
material. D. The site of carcinoma in situ as a reddening of mucosa in the resected 
segment of the esophagus. ( A,B : High power.) (Photographs courtesy of Dr. Yi-Jing Shu, 
St. Gallen, Switzerland.) 



Histology 

Most adenocarcinomas of the esophagus occur in the area of the cardia and originate 
in islands of gastrointestinal mucosa, less often in the submucosal glands, and usually 
are histologically similar to gastric adenocarcinoma and its various histologic patterns, 
described below. Most tumors are well differentiated and signet ring type of carcinoma 
is very rare. Occasionally, papillary adenocarcinomas, composed of large columnar 
cancer cells, may be observed (Fig. 24-12), also possibly related to Barrett's esophagus 
wherein precancerous lesions of a similarhistologic and cytologic type have been observed 
(Belladonna et al, 1974). Rubio et al (1989, 1992) observed ciliated glandular cells in dilated 
glands of papillary adenocarcinomas in patients with Barrett's esophagus. 

As frequently happens in areas of the body where two different types of mucosa meet, tumors 
that have the properties of both glandular and squamous epithelium may occur in the lower 
esophagus. These cancers may be best classified as mucoepidermoid. There is no evidence 
that their behavior is in any way different from the behavior of pure epidermoid or pure mucus- 
producing varieties of cancer. 

Precursor Lesions 

The sequence of morphologic events in the genesis of adenocarcinoma became the 
subject of numerous scientific communications. Briefly summarized, morphologic 
precancerous abnormalities in columnar epithelium (named dysplasia, rather than 
carcinoma in situ) precede invasive carcinoma (Smith et al, 1984; Lee, 1985). These lesions 
have been subdivided into “low grade” and “high grade.” The criteria of this classification 
have been published by Reid et al (1980) and tested as reproducible among expert pathologists 
by Montgomery et al (2001 A). 
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“High-grade dysplasia” (that we would prefer to classify as adenocarcinoma in situ) 
consist of nuclear enlargement and hyperchromasia in the columnar epithelial cells, 
occasionally with branching or distortion of the affected glands and a marked increase 
in abnormal mitoses (Reid et al, 1988; Rubio and Riddell, 1989). The lesions are very similar 
to precancerous abnormalities and carcinoma in situ of the gastric epithelium (see Fig. 

24-26). The problem with high-grade esophageal dysplasia is its separation from frank 
adenocarcinoma, which is not 
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easy either in biopsies or in cytologic samples. Prospective studies of patients with severe 
dysplasia indicate a high level of progression to adenocarcinomas of the gastrointestinal 
type (Smith et al, 1984; Lee, 1985; Spechler and Goyal, 1986; Rusch et al, 1994; Montgomery 
et al, 2001 B). 




Figure 24-10 Personal case of carcinoma in situ of esophagus, an incidental finding 
in esophageal brushings. A,B. Well-differentiated small squamous cancer cells in 
esophageal brushings for esophagitis. C,D. Low and high power view of a fragment of 
markedly atypical squamous epithelium of the esophagus, interpreted as carcinoma in situ. 
The patient was asymptomatic 3 years after the biopsy. 



Elaborate molecular studies suggested that high grade dysplasia and early adenocarcinoma 
show similar genetic alterations, regardless whether the Barrett lesion involved short or long 
segments of the esophagus (Nobukawa et al, 2001). Also, mutation of p53 gene was shown to 
be frequent in high grade dysplasia and adenocarcinoma than in low-grade dysplasia (Bian et 
al, 2001 ). Surgical resection of “severe dysplasia” is curative of the disease but it is not without 
major complications (Rush et al, 1994). Currently, such lesions may also be treated by 
endoscopic ablation, using photodynamic therapy or laser surgery (Van Dam and Brugge, 
1999). 

Much less secure is the identification of low grade or “mild dysplasia” which is described as 
slight atypia of the columnar epithelial cells (Robey et al, 1988). According to Montgomery 
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et al (2001 A 2001 B), the diagnosis of low-grade dysplasia is fairly reproducible among expert 
pathologists and shows a 15% to 20% progression rate to invasive cancer. Patients with 
Barrett's syndrome are monitored by endoscopic biopsies and by cytologic studies of brush 
specimens (Spechler, 2002). 

Cytology 

Invasive Adenocarcinomas and Mucoepidermoid Carcinomas 
In brush specimens, the cancer cells derived from adenocarcinomas are usually well- 
differentiated columnar cells with conspicuous nuclear abnormalities in the form of 
enlarged, sometimes hyperchromatic nuclei with large single or multiple nucleoli (Fig. 

24-1 2AC). In advanced carcinomas, these cells occur singly and in small clusters, usually 
accompanied by evidence of necrosis. Smaller, more spherical cancer cells may also 
occur in less well-differentiated tumors. Shurbaji and Erozan (1991) noted that the 
findings were not consistent and that nuclear hyperchromasia and large nucleoli were 
not observed in all the cases. 

In mucoepidermoid carcinomas, the cells of glandular derivation are mixed with 
occasional squamous cancer cells. In many such cases, it is not clear whether the tumor 
is primarily squamous or glandular, although the malignant nature of the process is evident. 

Precursor Lesions 

Cytologic definition of “dysplasia” of columnar epithelium is insecure. Wang et al (1992) 
described small clusters 

P.861 

of mildly pleomorphic cells with enlarged nuclei with occasional multiple nucleoli. In a 

more recent thoughtful review of this topic by Hughes and Cohen (1998), the definition of 
cytologic abnormalities in dysplasia was not particularly helpful. These authors reviewed the 
literature and pointed out that the accumulated experience with comparative cytology-histology 
of these lesions is very small. 



A 







Figure 24-11 Precursor lesions of squamous cancer of the esophagus. AB. 
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Precancerous lesion of the esophagus classified as “mild dysplasia.” A Superficial 
dyskaryotic (dysplastic) squamous cells corresponding to the tissue lesion shown in B, 
which shows only mild focal abnormalities of the squamous epithelium. C,D. Precancerous 
lesion of the esophagus classified as “moderate dysplasia.” The balloon smear shown in C 
shows well-differentiated parabasal squamous cancer cells. D. The biopsy of the same 
lesion shows moderate to marked nuclear abnormalities within the squamous epithelium. 
The lesion shown in C and D could be classified as high rather than low-grade. 
(Photographs courtesy of Dr. Yi-Jing Shu, St. Gallen, Switzerland.) 



Personal experience suggests that the morphologic distinction of “high-grade or severe 
dysplasia” from adenocarcinoma is highly subjective. In cases with clusters of mildly or 
moderately atypical columnar cells with somewhat enlarged, somewhat hyperchromatic 
nuclei and the presence of multiple small or single large nucleoli, the diagnosis of 
“atypia” of columnar cells is justified (Fig. 12-13AB). If the atypical cells form clusters, 
the possibility of an adenocarcinoma cannot be ruled out (Fig. 12-13C,D). In all such 
cases, the tentative cytologic diagnosis must be confirmed by biopsies. The situation is 
reminiscent of the problems with recognition of early neoplastic abnormalities in endocervical 
epithelium, discussed at length in Chapter 12. 

There is virtually no cytologic experience with the identification of “mild dysplasia.” Hughes 
and Cohen (1998) point out that the separation of the possible neoplastic from reactive 
changes in the columnar cells is virtually impossible. 

Monitoring of precursors of adenocarcinoma by balloon cytology was attempted with 
diverse results. Fennerty et al (1995) failed to obtain informative samples in a small number of 
patients. Falk et al (1997), in a much larger series of patients, compared the inexpensive 
balloon cytology with brushings. Brush cytology recognized all of 11 patients with high- 
grade dysplasia and carcinoma whereas balloon samples failed to recognize two of these 
patients. For low-grade dysplasia, both brushings and balloon cytology failed in a 
substantial proportion of cases. In two of the patients without disease, atypical cells were 
observed. This study documented the problem with cytologic diagnosis of low-grade 
abnormalities. 

The monitoring of epithelial DNA content by flow cytometry disclosed abnormal, aneuploid 
DNA histograms in dysplasias and in carcinomas (Haggitt et al, 1988). However, securing 
adequate cell samples for this procedure by esophageal brushings is difficult. Another approach 
to progression of dysplasia to adenocarcinoma in tissue samples was discussed by Polkowski 
et al (1995). These authors reported an 
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increase in the expression of mutated p53 gene and an increase in the proliferative 
fraction of cells as measured by expression of Ki67 antigen with progression of 
esophageal dysplasia to adenocarcinoma. To our knowledge, this approach has not been 
tested in cytologic samples. 
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Figure 24-12 Adenocarcinoma of esophagus. A. Composite picture of columnar cancer 
cells in a case of esophageal adenocarcinoma shown in B. C. Very large columnar cancer 
cells in another case of esophageal adenocarcinoma in a 43-year-old man without 
evidence of Barrett's syndrome. The tissue lesion corresponding to C is shown in D. 



CYTOLOGIC FOLLOW-UP OF PATIENTS WITH TREATED ESOPHAGEAL 
CARCINOMA 

The customary treatment of invasive carcinoma of the esophagus is either by surgery, 
radiotherapy alone or by radiotherapy followed by an attempt at surgical removal of the lesion. 
Extensive surgical resection for esophageal adenocarcinoma did not improve the survival rate 
(Hulscher et al, 2002). Combining chemotherapy with cisplatin and radiotherapy 
(chemoradiotherapy) did not improve overall survival of patients (Bosset et al, 1997). In 
several cases so treated, the observation has been made that, in spite of the remarkable 
clinical improvement following radiotherapy, the smears remained positive. In several 
of the surgically removed esophagi, there was disappearance of much of the invasive 
tumor, but areas of carcinoma in situ were not affected by therapy. This situation is 
reminiscent of the results of radiation treatment of carcinoma of the bladder, discussed in 
Chapter 23. Undoubtedly, the persisting carcinomas in situ are at the origin of treatment failure 
in many cases. Stockeld et al (2002) used serial needle aspiration biopsies of various parts 
of the esophagus to rule out the presence of occult foci of cancer. The presence of cancer 
cells in areas of the esophagus grossly free of tumor correlated with poor prognosis. 

Brien et al (2001) described gastric dysplasia-like epithelial atypia associated with 
chemoradiotherapy of esophageal cancer. For further discussion of gastric dysplasia, see 
below. 

Radiation changes observed in esophageal cytologic material are closely similar to those 
described for the uterine cervix (see Chapter 18) and the respiratory tract (see Chap. 19) (Fig. 
24-14). The changes may affect both benign and malignant cells (Cabre-Fiol, 1970). The 

diagnosis of persisting or residual carcinoma should be made only on cancer cells 
showing no effect of radiation. 
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Radiomimetic changes in esophageal epithelium were described by O'Morchoe et al 
(1983) in patients receiving cytotoxic drug therapy for tumors other than esophageal cancer. 

Some of these patients also had herpetic esophagitis and infections with fungi of the 
Candida species. 
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Figure 24-13 Adenocarcinoma in situ of esophagus (severe dysplasia). A Columnar 
cells with markedly enlarged hyperchromatic nuclei corresponding to the superficial lesion 
shown in B. C,D. Invasive adenocarcinoma of esophagus in a Barrett's patient. C. Clusters 
of cancer cells, some of which are of columnar configuration. D. shows a superficially 
invasive adenocarcinoma. 



EFFECTIVENESS OF CYTOLOGY IN THE DIAGNOSIS OF ESOPHAGEAL 
CANCER 

The effectiveness of balloon cytology in the detection of precancerous lesions of the 
esophagus has been documented in the studies from the People's Republic of China, cited 
above. 

The contributions of cytology in symptomatic patients before widespread use of fiberoptic 
instruments are best assessed by comparison with other diagnostic techniques: a few cases of 
esophageal carcinoma with negative radiographic findings were observed in this 
laboratory. The results, of historical interest only, were reported from our laboratory and 
Papanicolaou's laboratory by Johnson et al in 1955. The cytologic results in 148 cases of 
esophageal cancer and 135 controls are summarized in Tables 24-1 and 24-2. In a significant 
percentage of cases (12%), cytology yielded positive results, whereas the biopsy was 
either negative or impossible to obtain. We also reported three false-positive cases, 
based on the presence of atypical squamous cells in cases of erosive esophagitis (see above). 

Other older studies (Raskin et al, 1959; Prolla and Kirsner, 1972; Cabre-Fiol, 1970; Drake, 

1985) also show a very high rate of accuracy in the diagnosis of esophageal carcinoma, 
ranging from 90% to 95%. It is of interest that the introduction of fiberoptics and of direct 
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brushing resulted in only slight improvement in the accuracy of cytologic diagnoses of 
esophageal cancer, when compared with the simpler methods of washings and aspirations. 

Geisinger (1995) compared the results of cytologic brushings with endoscopic biopsies in 
specimens from a broad spectrum of esophageal diseases. There were 18 carcinomas, of 
which 9 were squamous and 6 adenocarcinomas. In 3 of the 18 carcinomas the diagnosis was 
established by cytology with negative initial biopsies. One squamous cancer was missed by 
cytology. Geisinger provided a summary of findings from several papers on this topic. The 
superiority of brush cytology over biopsies in the diagnosis of esophageal cancer was 
repeatedly confirmed, thus documenting the clinical value of cytologic techniques. 

RARE MALIGNANT TUMORS OF THE ESOPHAGUS 

Adenoid Cystic Carcinoma 

We have seen one example of this lesion which is most unusual in the esophagus. The tumor 
has been described in reference to salivary glands and the bronchus (see Chaps. 20 and 32). 

As is the case in other organs where the tumor is more common, the brush smear disclosed 

clusters of small, monotonous 
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cancer cells with fragments of homogeneous, hyaline material, corresponding to the 
basement membrane material contained within the cystic spaces in the tumor. 




Figure 24-14 Effects of radiotherapy on esophageal squamous epithelium. A. 

Several squamous cells, one being huge in size and provided with multiple nuclei. B,C. 
Cellular enlargement, cytoplasmic vacuole formation, and enlarged hyperchromatic nuclei 
in an esophagus brush from a 21 -year-old woman with mediastinal Hodgkin's disease. D. 
Marked cellular and nuclear enlargement from an esophageal diverticulum resected after a 
brief course of radiotherapy. 



Carcinoma with Pagetoid Changes 

An exceptional event is the presence of pagetoid change that has been observed in the 
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esophageal epithelium adjacent to areas of carcinoma, reported by Yates and Koss (1968). The 
invasion of the squamous epithelium by large, clear cells of adjacent carcinoma resulted in this 
readily identifiable histologic pattern, similar to that occurring in the epithelium of the nipple or 
vulva in Paget's disease (see Chaps. 15 and 29). In the case illustrated here, the cancer cells 
shed from the pagetoid area were approximately spherical, had a clear cytoplasm, and 
were occasionally 
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arranged in the cell-in-cell pattern, whereas the cells from the main bulk of the tumor were 
poorly differentiated (Fig. 24-15). 



TABLE 24-1 RESULTS OF CYTOLOGIC EXAMINATION OF THE ESOPHAGUS 





Total 

Cases 




Cytology 


Positive 


Suspicious 


Negative or 
Insufficient 


Malignant tumors primary in 


148 


103 


18 


27 


esophagus 


(100%) 


(70%) 






No malignant tumor 


135 


★ 

3 


7 


125 



* 

Three cases of esophagitis. 

(Johnson WD, et al. Cytology of esophageal washings: evaluation of 364 cases. 
Cancer 8:951-957, 1955.) 



TABLE 24-2 COMPARISON OF RESULTS OF CYTOLOGIC EXAMINATION WITH 
RESULTS OF BIOPSY IN 148 PRIMARY CANCERS OF ESOPHAGUS 

Cytology 





Total Cases 


Positive 


Suspicious 


Negative 


Biopsy 

Positive 


117 


85 


14 


18 


Negative 


18 


11 


2 


5 


Impossible to obtain 


13 


7 


2 


4 


Total 


148 


102 


18 


27 
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(Johnson WD, et al. Cytology of esophageal washings: evaluation of 364 cases. 
Cancer 8:951-957, 1955.) 



Polypoid Carcinoma (Carcinosarcoma) 

Histology 

Uncommonly, squamous carcinomas of the esophagus (but also of the larynx, pharynx, and 
rarely in the vagina) develop into polypoid bulky tumors, the surface of which is formed 
by a well-differentiated epidermoid carcinoma, sometimes in situ. The bulk of the 
tumor is composed of elongated spindly cells, occasionally accompanied by bizarre 
giant cells (Enrile et al, 1973). Experience with these lesions suggests that the spindle and 
giant cell components represent a peculiar metaplasia of squamous carcinoma and not a 
benign “pseudosarcoma,” as was originally suggested by Stout and Lattes (1957). Still, the 
latter term is often used to describe this lesion. It must be stressed that, in spite of its ominous 
appearance, the polypoid carcinoma appears to offer a much better prognosis than ordinary 
esophageal carcinoma. 

Cytology 

The cytologic findings in brushings from one of the rare polypoid carcinomas of the esophagus 
were described by Selvaggi (1992). The smears contained cells of squamous carcinoma 
and spindly cancer cells, and a few multinucleated giant cells, corresponding exactly 
to the histologic make-up of the tumor. We observed a similar tumor in the vagina. The 

smears were composed of malignant squamous cells only (see Chap. 17). 

Malignant Melanoma 

Several case reports of the very rare primary esophageal melanoma were published 
(Bullock et al, 1952; Boyd et al, 1954; Broderick et al, 1972; Chaput et al, 1974; Ludwig et al, 
1981), occasionally associated with melanosis (De la Pava et al, 1963; Piccone et al, 1970). 
Summaries of the subject were presented by Mills and Cooper (1983) and by Kanavaros et al 
(1989). Broderick et al (1972) reported a case of esophageal melanoma with cytologic 
diagnosis. The malignant cells were clearly pigmented and, accordingly, the accurate 
diagnosis could be readily established. A similar case was reported by Aldovini et al (1983). 

One of these very infrequent tumors of the esophagus was diagnosed cytologically by us as 
cancer but, in the absence of pigment, it was thought to be an epidermoid carcinoma. De la 
Pava et al (1963) described pigmentation of normal esophageal epithelium as melanosis. 
This extremely rare condition could be a source of diagnostic error. However, Piccone et al 
(1970) and Kanavaros et al (1989) described a malignant melanoma developing in 
melanosis, thus complicating the issue still further. 

Sarcomas 

Sapi et al (1992) described the cytologic findings in a polypoid tumor of the esophagus, 
classified as malignant fibrous histiocytoma on the strength of immunocytologic and 
ultrastructural findings. The smears were characterized by the presence of bizarre tumor 
giant cells. Clearly, the differential diagnosis in such cases must include polypoid carcinomas, 
discussed above. 
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Arare case of rhabdomyosarcoma of the esophagus was described by Shah et al (1995). A 
case of embryonal rhabdomyosarcoma was described by Willen et al (1989). The cytologic 
presentation of similar tumors in other organs was described in Chapters 23 and 26. 

Choriocarcinoma 

A case of an exceedingly rare primary choriocarcinoma of the esophagus was described by 
Trillo et al (1979). The cytologic features of this tumor are described below in the section on 
rare gastric tumors, in Chapter 17, discussing rare tumors of the female genital tract, and in 
Chapter 23, discussing rare tumors of the urinary bladder. 
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Figure 24-15 Carcinoma at the junction of cardia and esophagus with pagetoid 
changes in the adjacent esophageal epithelium. A Cluster of poorly differentiated 
cancer cells (esophageal washings). B. Elsewhere in the smear isolated, large cancer cells 
with clear cytoplasm were noted. C. The surgical specimen disclosed a carcinoma of the 
cardia extending into the esophagus. D. The squamous epithelium of esophagus at the 
edge of the tumor disclosed a typical pagetoid change with large cells with clear cytoplasm. 



THE STOMACH 
ANATOMY 

The stomach is a pouch situated between the esophagus and the duodenum, immediately 
below the diaphragm; it forms a reservoir of variable capacity within which the preliminary 
stages of digestion take place. The stomach is divided anatomically into several regions, 
starting at the esophageal end: the cardia (the orifice between the stomach and the esophagus 
and the adjacent portion of the stomach), a lateral bulge or the fundus, the more distal portion 
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of the stomach or the body, and the most distal pyloric area (antrum), which is separated 
from the duodenum by a powerful ring of smooth muscle, the pylorus. Obstruction of the 
gastric lumen may occur at either end of the stomach — the cardia or the pylorus (see Fig. 24-1). 

From inside out, the stomach is lined by an epithelium (mucosa), described in detail below, a 
lamina propria, composed of connective tissue and a thin layer of smooth muscle 
(muscularis mucosae), a powerful layer of smooth muscle or the muscularis propria, and 
the outer layer or the serosa, lined by the peritoneum. 

HISTOLOGY OF GASTRIC EPITHELIUM (MUCOSA) 

Gastric epithelium is by far the most important component of cytologic preparations. The gastric 
mucosa is composed of simple tubular glands. The lining of the glands of the fundus and 
the body of the stomach is complex: the surface and the necks of the glands are lined by 
mucus-producing cells. The deeper portions of the glands contain pepsin-producing 
chief cells and the eosinophilic parietal cells that produce hydrochloric acid. The 
hydrochloric acid is excreted through microscopic canaliculi passing between the chief cells. 

The gastric glands of the pyloric area are fairly uniformly lined by mucus-producing cells 
(Fig. 24-1 6A). 

Electron microscopic studies revealed distinct differences between the cells lining the 
gastric surface and those lining the neck of the glands. Both cells are mucus-producing but they 
differ in the type of secretory granules, thus probably performing somewhat different functions. 

The ultrastructure of the parietal cell fails to reveal any secretory activity. The pepsin-producing 
chief cells resemble somewhat the exocrine pancreatic and salivary gland cells inasmuch as 
they contain cytoplasmic secretory granules and 
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an abundant rough-surfaced reticulum. Argentaffin cells containing dense cytoplasmic granules 
may be observed in some of the crypts. 




Figure 24-16 Normal stomach. A Configuration of normal gastric epithelium (see text). B. 
Benign columnar gastric cells in gastric brushes. C. Sheet of benign gastric cells showing 
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the “honeycomb” configuration. D. Tall mucus-producing cells from a case of intestinal 
metaplasia. ( B : Composite photograph obtained with the PAPNET apparatus. With the 
permission of TriPath Imaging, Burlington, NC.) 



CYTOLOGY OF NORMAL STOMACH 

The make-up of the specimens varies according to the method used to collect the material. 

Gastric lavage, extensively used by Schade and his co-workers (1956A,B, 1959, 1960A,B), 
yields few normal gastric cells. The gastric balloon with a rough surface, devised by Panico 
et al (1950, 1952) to improve the collection of gastric epithelial cells, yields a richer harvest of 
cells. The optimal samples of gastric epithelium are obtained by gastric brushings during 
fiberoptic gastroscopy. 

In the absence of disease, normal gastric epithelium in brush specimens is represented by 
columnar cells, occurring singly or forming cohesive fragments of cells with opaque or 
clear cytoplasm. The columnar configuration of the component cells is seen at the edge of 
such clusters, whereas the center of the cluster shows the “honeycomb” pattern (Fig. 24- 
16B,C). The relatively uncommon, mucus-producing columnar cells display an abundant, 
clear cytoplasm and have one flattened surface, corresponding to the gastric lumen, 
whereas the opposite end usually tapers off in the form of a tail (Fig. 24-1 6D). Raskin et al 
(1961) pointed out that such cells originate from the area of the pyloric antrum. Such cells 
are common in intestinal metaplasia of the gastric mucosa (see below). 

A “wheel-spokes” arrangement of single cells, with their “tails” directed toward the center 
may be observed. Tubular structures representing entire glands removed by vigorous 
brushing may also be encountered. 

The nuclei of normal gastric cells are located in the approximate center of the cells. They 
are usually spherical, of equal sizes, clear or somewhat opaque, and contain a few granules of 
chromatin and occasionally a noticeable but very small pink nucleolus. In mucus-producing 
columnar cells, the nuclei may be displaced toward the distal end of the cell, a position 
also observed in goblet cells that play an important role in intestinal metaplasia (see 
below). Occasionally, dense nuclear protrusions, similar to those observed in endocervical 
cells, can be observed (see 
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Chap. 8). When the cytoplasm of the gastric cells is destroyed during processing of the 
specimens, “naked” nuclei or nuclei surrounded by cytoplasmic shreds may be 
numerous. In cell blocks, small fragments of gastric epithelium may occasionally be identified. 

Using rapidly fixed material and Papanicolaou stain, we have not been able to identify with 
certainty the parietal and the zymogenic (chief) cells in the smears of gastric specimens. 
However, Henning and Witte (1957), using air-dried specimens and Pappenheim stain, 
described the chief cells as plump cells, containing numerous coarse basophilic 
granules in the cytoplasm; the parietal cells were described as small cylindrical cells 
with a very marked vacuolization of the cytoplasm. Nieburgs and Glass (1963) identified 
the chief cells as “darkly stained cells of intermediate size” in brush specimens. Granules were 
not demonstrated in Papanicolaou stain. The parietal cells were identified by the same authors 
as “large, pale, round or triangular cells,” and, thus, their description is at variance with that 
given by Henning and Witte, but more in keeping with the histologic appearance of these cells. 
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Takeda (1983) also described the parietal cells as triangular cells with granular 
cytoplasm. 

In gastric specimens obtained by aspiration or washings, swallowed cells of the 
respiratory and the upper alimentary tract are sometimes present. Ciliated respiratory 
cells, dust-containing macrophages, and squamous cells of buccal and esophageal 
origin may be observed. Also, in the presence of gastric obstruction, food particles and, in 
particular, plant (vegetable) cells, may contaminate the specimen, occasionally rendering it 
totally useless (see Chap. 19 for detailed description of plant cells). 

Other cells present in normal gastric specimens include sparse polymorphonuclear 
leukocytes and lymphocytes. Recognizable macrophages may be noted. 

BENIGN GASTRIC DISORDERS 

Parasites 

The flagellated parasite Giardia lamblia has been recognized as a common cause of infection 
of the small intestine and may sometimes be seen in gastric cytology specimens. Symptoms 
vary from mild to severe gastrointestinal disturbances. Giardia tambtia has two stages: cysts 
and protozoa. The cysts, transmitted in drinking water or by person-toperson contact, are the 
source of infection. The protozoa, which are released from the cysts, can be recognized in 
gastric smears as a flat, pear-shaped small organism, with four pairs of flagella and two 
nuclei that mimic the appearance of eyeglasses (Fig. 24-1 7A). Bloch et al (1987) observed 
the parasite in the peritoneal fluid of a patient with severe infestation. 

Trophozoites of the Acanthamoeba species, probably a contaminant, were observed by 
Hoffler and Rubel (1974). 

Fungi and Viruses 

In patients with AIDS, gastric samples may contain evidence of fungal infection, such as 
moniliasis, which is usually also present in the esophagus. Cytomegalovirus infection of 
gastric epithelium is the most common viral infection and may be associated with gastric 
ulcers (Fig. 24-1 7B). Other organisms, such as Helicobacter pylori are discussed below. 

Gastritis and Gastric Ulcer (Type B Gastritis) 

Inflammation of the gastric mucosa is a common disorder that may lead to gastric ulceration and 
may be related to gastric cancer. In 1947, Schindler proposed a subdivision of gastritis into 
acute and chronic. In 1990, an attempt was made to standardize the nomenclature of gastritis 
at a meeting of experts in Sydney, Australia (Price, 1991). The purpose of the Sydney 
classification was to integrate histologic, microbiologic, and endoscopic data to render the 
classification of gastritis more reproducible. 

The reproducibility of histologic classification of gastritis in biopsies is still not optimal (Guarner 
et al, 1999). These problems cannot be solved by cytology of the gastric epithelium which 
serves mainly to differentiate an inflammatory process from cancer. 

Pathogenesis 

Until the 1980s, the causes of acute gastritis and of gastric or duodenal ulcer were not clearly 
understood. Some drugs, such as lithium, were shown to be occasionally associated with 
gastritis. In 1983, an anonymous observation was reported in the journal Lancet, suggesting 
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that a not-furtheridentified bacterium may be associated with gastritis. The observation was 
confirmed by Marshall and Warren in 1984. The infection with this bacterium, now known as 
Helicobacter pylori (previously known as Campylobacter pylori), is very common. The 
source of the bacterium is drinking water, soil, flies etc. (Sasaki et al, 1999; Suerbaum and 
Michetti, 2002). Two strains of the bacterium have been sequenced. It is believed that the 
bacterial genes can affect human genes encoding cell membrane adhesion molecules 
(Ge and Taylor, 1999). Amieva et al (2003) have shown that the bacterium is capable of 
disrupting the apical tight junctions binding gastric cells. H. pylori has now been recognized as 
the main cause of acute gastritis (also known as pyloric or type B gastritis), ulcer disease, and 
colitis (Goodwin etal, 1986; Blaser, 1987; Dooley etal, 1989; Cover and Blaser, 1996; Bodger 
and Crabtree, 1998). There appears to be a relationship between H. Pylori, gastric cancer 
and malignant lymphomas of the mucosa-associated lymphoid tissue (MALT 
lymphomas) (see below). 

A related organism Gastrospiri/lum hominis (previously known as Helicobacter heilmannii) has 
been recognized as a less frequent cause of a milder form of chronic gastritis. The two 
organisms share many pathologic features but have some morphologic differences. H. pylori 
forms gram-negative curved rods about 3 pm in length and 0.5 pm in width (Fig. 24-17C.D). 

G. hominis is somewhat longer (3.5 to 7.5 pm), tightly coiled, and can be recognized as straight, 
spirochete-like structures (summary in Rotterdam et al, 1993). 

Both organisms can be identified in Papanicolaou-stained 
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cytologic samples but are much easier to demonstrate in Warthin-Starry silver 
impregnation or by Giemsa stain and its modifications (Taylor et al, 1987; Davenport, 

1990; Pinto et al, 1991; Mendoza et al, 1993, Ghoussoub and Lachman, 1997). Several 
observers suggested that the organism may be easier to identify in smears prepared from 
gastric biopsies than in tissues sections (Faverly et al, 1990). 




Figure 24-17 Inflammatory gastric disorders. A Giardia iambtia in gastric lavage. Note 
the triangular configuration of the parasites with the characteristic two-nuclei mimicking 
eyeglasses. B. Cytomegalovirus in a gastric ulcer. The presence of the virus was 
documented by a specific antibody. C,D. Helicobacter pylori. Minuscule corkscrew 
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organisms are seen in the background of the gastric biopsy in C and in a gastric brushing 
in D (arrows). (C: High power; D: oil immersion.) 



Chronic Gastric Peptic Ulcer 
Clinical Data 

Gastric ulcer is a common disease, occurring in patients of all ages, but usually in adults. Most 
patients have an increased gastric acidity and Helicobacter pylori infection. Feared 

complications of gastric ulcer include massive gastric hemorrhage and perforation of 
the gastric wall. Quite often, particularly when these lesions are small and superficial, the 
clinical and radiographic or endoscopic differential diagnosis between a gastric 
carcinoma and a chronic peptic ulcer may be extremely difficult. Therefore, these lesions 
are the prime target of endoscopic and cytologic studies (Cantrell, 1971; Prolla et al, 

1971; Prolla and Kirsner, 1972). 

Histology 

Chronic peptic ulcer is an inflammatory defect in the gastric epithelium extending for a 
variable depth into the submucosa and even the muscularis and beyond. The ulcer often 
undermines one edge of the adjacent epithelium. Depending on the chronicity of the disease, 
the tissues surrounding the ulcer bed may show varying degrees of chronic inflammation 
and fibrosis. Occasionally, large aggregates of lymphocytes and plasma cells may be noted. 

The epithelium surrounding the ulcer shows various degrees of hyperplasia and 
regeneration. In the latter case, marked mitotic activity and atypia may be present (Fig. 24- 
18AB). There is considerable debate whether gastric carcinoma may develop in peptic ulcer 
epithelium. Cases do occur wherein this possibility is strongly suggested by histologic findings. 

Cytology 

Gastric cytology and endoscopic biopsies are the prime methods of differential 
diagnosis between benign ulcer and carcinoma. Regardless of the technique used to 
sample the gastric epithelium, the cytologic specimens usually contain many clusters of 
gastric epithelial cells. Necrotic material, fibrin, and inflammatory cells, such as neutrophiles 
or lymphocytes, are usually present in the background. Cell debris and isolated (“naked”) 
nuclei may be abundant. 
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Figure 24-18 Gastric ulcer and gastric repair. A A characteristic crater of a gastric ulcer 
with its fundus occupied by a fibrin clot. B. Gastric biopsy showing atypical proliferation of 
glands with mitotic activity at the edge of a gastric ulcer. C,D. Cells from gastric repair 
forming a sheet in C and appearing singly in D. The cells are characterized by the 
presence of clearly visible nucleoli. 



As is the case in other “repair” reactions, the changes in the gastric epithelial cells in peptic 
ulcers may be difficult to interpret. Flat clusters of cells, arranged side-by-side, are the dominant 
feature, whereas single cells are relatively few in number (Fig. 24-1 8C,D). In brush specimens, 
this important relationship of cells to each other cannot always be fully appreciated because the 
cell clusters may be thick and unfit for detailed visual analysis. However, the cells at the 
periphery of such clusters usually are suitable for inspection. 

The morphologic features of gastric epithelial cells in ulcer disease are best appreciated in 
small clusters or in single cells. The cells are polyhedral rather than columnar and their 
cytoplasm is often opaque. The principal difficulty in the interpretation of this material is with 
the nuclei which are usually enlarged, clear or opaque, and dark, and may contain one 
or more nucleoli of various sizes (Fig. 24-18C,D). Drake (1985) stressed nuclear 
enlargement as a common feature of cells in chronic gastric ulcer and we can confirm his 
observation. 

When conspicuous nuclear and nucleolar enlargement is present in epithelial cells, the 
differential diagnosis among chronic inflammatory disease, gastric carcinoma, and 
precancerous abnormalities (both discussed below) becomes exceedingly difficult. The 
presence of flat cohesive clusters and few single epithelial cells, the absence of 
significant variability in nuclear sizes, and regular and smooth nuclear membrane are 
in favor of an inflammatory process, but these criteria are not always helpful. The problem 
is compounded because occasional gastric carcinomas shed cancer cells with only modest 
nuclear abnormalities. In such fortunately uncommon cases, the degree of histologic 
abnormality in a biopsy may also present a diagnostic dilemma that is best solved by additional 
sampling. 

Diagnostic misinterpretation of cytologic findings as cancer in extreme cases of gastric atypia 



1500/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



24 - The Gastrointestinal Tract 



occurs even among observers who combine vast clinical and laboratory experience and thus 
are best qualified to avoid such mistakes. Prolla and Kirsner (1972) cite five such false positive 
mistakes among 2,196 patients with benign gastric disease (0.05%). 

“Aspirin” Gastritis 

Difficult to interpret cytologic abnormalities, similar to those observed in chronic gastric ulcers, 
may occur in users of aspirin and newer analgesic drugs who are prone to erosions of 
gastric mucosa with episodes of hematemesis. Patients with rheumatoid arthritis 
appear to be at significant risk, presumably because of long-term use of large doses of these 
drugs. In biopsies of the hemorrhagic areas, there 
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is often superficial erosion of the surface epithelium. In more chronic cases, the superficial 
ulceration may be accompanied by a marked disruption of the mucosal architecture. The glands 
vary in size and shape and are arranged in a disorderly pattern. The cells lining the glands, 
particularly in the deeper portion of the gastric epithelium, show marked 
abnormalities, such as nuclear enlargement, hyperchromasia, and mitotic activity (Fig. 

24-1 9A). 

Cytology 

Cell samples obtained by brushing may show conspicuous abnormalities (Fig. 24-1 9B- 
D). The gastric epithelial cells may form clusters or strips wherein there is variability of 
nuclear sizes and hyperchromasia of individual nuclei. Some cells containing large 
nucleoli may suggest a gastric carcinoma. Similar nuclear abnormalities may be observed 
in columnar or cuboidal dispersed single cells. Perhaps the most disturbing cytologic 
finding is the presence of clusters of dark nuclei, stripped of cytoplasm. In the third 
edition of this book (1979), it was felt that the differential diagnosis of aspirin gastritis from 
carcinoma was not possible in the absence of clinical history. This view may be somewhat 
modified today. Although cell clusters may strongly suggest a malignant tumor, the 
abnormalities in the single cells, essential to confirm the diagnosis, do not quite 
measure up to cancer: the degree of nuclear changes and the size and variability of the 
nucleoli are less conspicuous than in cancer, but, admittedly, these may be personal 
perceptions, not easily duplicated. 
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Figure 24-19 Aspirin gastritis in a 74-year-old woman with rheumatoid arthritis. A Gastric 
biopsy showing disorderly arrangement of gastric glands. B-D. Gastric brush smears with 
atypical gastric cells, occurring singly and in clusters. The nuclei of these cells are 
somewhat enlarged and contain large nucleoli, thus mimicking carcinoma. Six weeks after 
stopping the medication, the gastric epithelium was normal on biopsy. 



An accurate clinical history of analgesic intake may prevent the erroneous diagnosis of 
gastric carcinoma. This is particularly important because, within a few weeks after 
discontinuation of analgesics, the gastric epithelium recovers and returns to normal. 



Chronic Atrophic Gastritis (Type A Gastritis) and Intestinalization of the Gastric 
Mucosa 

Pathogenesis 

Atrophy of gastric epithelia and the replacement of normal gastric epithelium by cells akin to 
those of mucus-producing epithelium lining the large intestine (intestinal metaplasia or 
intestinalization) usually occur together in the distal portion of the stomach. Loss of gastric 
folds and an inflammatory infiltrate consisting of lymphocytes and plasma cells in the 
mucosa and submucosa are common findings in this disorder which may be observed in a 
variety of chronic inflammatory conditions and in pernicious anemia. 
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Contrary to gastritis type B, described above, H. pylori is absent and does not appear to play 
a role in the genesis of atrophic gastritis which is now considered to be an autoimmune 
disease (Toh et al, 1997). 

The significance of intestinal metaplasia as a precancerous event has been studied 
morphologically (Morson, 1955) and by epidemiologic analysis of gastric cancer-prone 
populations (Correa, 1982; Rubio et al, 1987; Correa and Chen, 1994). The consensus has 
developed that, in populations with a high rate of intestinal metaplasia, there is also a 
high rate of gastric carcinoma of intestinal type (see below). 
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Histology 

Intestinal metaplasia consists of large, tall, mucus-producing cells, replacing normal 
gastric epithelium. The mucus-producing cells are often referred to as goblet cells but 
are morphologically somewhat different. The metaplastic epithelium also contains Paneth 
cells with granular and eosinophilic cytoplasm, which cannot be identified with reliability in 
cytologic material. Rubio and Antonioli (1988) reported rare cases of intestinal metaplasia 
with ciliated cells. 

Cytology 

The condition may be recognized occasionally in cytologic material, which may contain mucus- 
producing columnar epithelial cells larger than the normal gastric cells and provided 
with an abundant, clear cytoplasm (see Fig. 24-16D). These cells are more slender than 
goblet cells and closely resemble normal columnar cells desquamating from the colonic 
mucosa (see below). The nuclei are round and even, but are sometimes somewhat 
larger and darker than normal. The recognition of intestinal metaplasia in cytologic material 
is of limited diagnostic significance, except as a warning that the patient may be at risk for 
gastric carcinoma. 

Gastric Tuberculosis 

Gastric tuberculosis is on the increase, particularly in patients with AIDS (Brody et al, 1986; Dao 
et al, 1991). Tuberculosis may mimic almost any gastric disorder and cannot be recognized 
as such either on endoscopy or on radiologic examination. Jain et al (2000) described cytologic 
findings in gastric brush smears from seven adult patients from India with gastric tuberculosis, 
confirmed by biopsies. Slender epithelioid cells were observed in all patients and 
granulomas, composed of epithelioid and Langhans' type giant cells, were observed in 
three patients. Acid fast bacilli could be demonstrated in gastric smears in four of these 
patients but not in the biopsies. The findings are of note because gastric tuberculosis, 
previously a very rare disorder, has now been observed in AIDS patients (Brody et al, 1986; 

Das et al, 1998). For illustrations of cytologic presentation of tuberculosis, see Figures 10-22 
and 19-33 (cervix and lung). 

Gastric Syphilis 

Ulcerative gastric lesions may occur in secondary and tertiary syphilis. Prolla et al (1970) 
described the cytologic findings in two such cases. Atypical cells, presumably atypical 
macrophages or epithelioid cells with large nuclei and prominent nucleoli, were 
observed. Langhans' type giant cells were also noted. 

Other Granulomatous Inflammatory Lesions of the Stomach 
The cytologic findings in granulomatous disorders, regardless of etiology, are similar to 
those described above for tuberculosis and syphilis and additional clinical and 
bacteriologic work-up may be required to determine the nature of the disorder. Thus, markedly 
atypical giant cells were observed by Bennington et al (1968) in a case of gastric sarcoidosis. 

Drake (1985) described epithelioid cells and multinucleated giant cells in gastric 
brushings of a patient with Crohn's disease. 

Malacoplakia 

Malacoplakia of the stomach has been described (summary in Flint and Murad, 1984). 
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Cytologic presentation of this rare disorder is discussed in Chapters 19 and 22. 

Gastric Amyloidosis 

Yang (1995) described a case of gastric amyloidosis observed in a gastric brush specimen. 

Fragments of eosinophilic material, representing amyloid, were observed in company of normal 
gastric cells. The diagnosis was confirmed by special stains and electron microscopy. 

Menetrier's Disease 

Menetrier's disease is a disorder of gastric epithelium in which gastric rugae are markedly 
thickened (“hypertophic gastritis”). This disorder may be associated with gastric polyps 
and carcinoma (Appelman, 1984; Wood et al, 1983). There is no known cytologic counterpart 
of this condition. 

Gas Cysts of the Intestine 

Gas cysts of the stomach are rare, usually occuring in disseminated intestinal gas cysts or 
pneumatosis cystoides intestinorum, a bizarre disorder of unknown etiology (summary in 
Koss, 1952). The cysts are often lined by flattened, multinucleated giant cells of foreign 
body type. Such cells were observed in smears in association with gastric carcinoma in a case 
reported by Bhatal et al (1985). 

Pernicious Anemia 

Pernicious anemia is a chronic hematologic disorder associated with vitamin B-|2 or folic acid 
deficiency and atrophic 

P.873 

gastritis and, therefore, is a risk factor for gastric cancer (Toh et al, 1997). The issue of specific 
cytologic abnormalities in pernicious anemia and other states of vitamin B-|2 deficiencies were 
previously discussed in reference to the uterine cervix and the oral cavity (see Chaps. 17 and 
21). Graham and Rheault (1954) and Massey and Rubin (1954) reported in patients with 
pernicious anemia gastric and squamous cells with abnormally enlarged nuclei, similar 
to dyskaryotic (dysplastic) cells. On the other hand, Schade (1959, 1960B) denied the 
existence of any specific cytologic or histologic alterations of the gastric mucosa in pernicious 
anemia. Intestinalization of gastric mucosa (or atrophic gastritis), described above, is, in 
Schade's experience, a common background of cancers developing in the presence or absence 
of the hematologic disorder. Personal experience indicates that slightly atypical squamous cells 
with enlarged nuclei occur quite often in gastric washings of patients with other cancers. A 
hematologic investigation of several such patients failed to reveal a relationship between 
these cell changes and pernicious anemia. It is entirely possible that the mechanical effects 
of intubation of the esophagus or, for that matter, a number of dietary deficiencies — such as 
vitamin B 12 or folic acid deficiency — may account for these abnormalities. Takeda (1983) 
illustrated three clusters of enlarged, bland, emptylooking nuclei in gastric cells in pernicious 
anemia. Drake (1985) also speaks of “active” gastric cells, with visible nucleoli, in 
pernicious anemia. The specificity or, for that matter, diagnostic value, of such changes is in 
doubt. 

Gastric Atypias Caused by Treatment 

Chemotherapy by hepatic artery infusion for metastatic tumors in the liver affects gastric 
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epithelium, causing a radiomimetic effect. Cell enlargement, with preservation of the 
normal nucleocytoplasmic ratio, binucleation, and multinucleation of gastric epithelial 
cells in gastric brushing material and biopsies, were reported in six patients with secondary 
gastric ulceration by Becker et al, 1986. 

Chemoradiotherapy for esophageal cancer may also lead to significant abnormalities of 
gastric epithelium that closely resemble naturally-occurring precancerous lesions 
(dysplasia) (Brien et al, 2001). The differential diagnosis between the chemoradiotherapy- 
induced and naturally occurring precancerous lesions is discussed below. 

BENIGN GASTRIC TUMORS 

Gastric Polyps 

Benign gastric polyps cannot be recognized cytologically unless fragments of such tumors 
are present in the exfoliated material processed as a minibiopsy or cell block. In this 
case, the interpretation is that of a biopsy specimen. Occasionally, atypical (adenomatous) 
polyps may cause the same diagnostic problems as described for gastric ulcer. 

Polypoid carcinomas, on the other hand, can be readily distinguished from benign polyps 
because of their characteristic cytologic presentation, described below. 

Benign GIST tumors are discussed below. 

MALIGNANT GASTRIC TUMORS 
Carcinoma of Stomach 
Epidemiology 

Gastric carcinoma is exceedingly common in Japan, Korea, certain other areas in Asia, South 
America, and Eastern Europe. Its incidence has been declining sharply in the Western 
world, even among people of Japanese ancestry living in Hawaii and the continental United 
States (Haenszel et al, 1976; Craanen et al, 1992; Fuchs and Mayer, 1995). A similar drop has 
been observed in Europe (Fuchs and Mayer, 1995). Current evidence suggests that the 
frequency of tumors in the distal portion of the stomach is decreasing, whereas that of 
cancers of the proximal stomach (cardia) may be on the rise, perhaps because of the 
increased occurrence of Barrett's esophagus, discussed earlier in this chapter (Craanen et al, 

1992; Correa and Chen, 1994; Fuchs and Mayer, 1995). It is generally assumed that dietary 
factors are responsible, although the exact cause-effect relationship between nutrients and 
gastric cancer has not been established. Pernicious anemia is a known risk factor for 
gastric cancer (Toh et al, 1997). There is also evidence that H. pylori may play a role in the 
genesis of this group of tumors, although the mechanisms are still speculative (Uemura et al, 

2001). It is generally assumed that, in cancer, the bacterium interacts with gastric epithelium in 
a different manner than in gastritis or gastric ulcer (Parsonnet et al, 1991; Forman et al, 1991; 

Sipponen et al, 1998; Chen et al, 1999; Ge and Taylor, 1999; Suerbaum and Mitchetti, 2002; 

Amieva et al, 2003). 

It has also been shown that diffuse gastric cancer occurs with very high frequency in families 
showing mutation of the adhesion gene E cadherin. In young members of such families, 
asymptomatic early gastric cancer may be observed (Huntsman et al, 2001). 

Clinical Presentation 
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The clinical symptoms of gastric carcinoma are not specific. In early stages, the disease is 
often asymptomatic whereas in advanced stages “indigestion,” vomiting, hematemesis and 
melena and, ultimately, pain develop. Severe anemia is often observed. 

On endoscopic inspection, gastric carcinomas may appear as a defect of gastric mucosa with 
raised edges, and thus may mimic benign gastric ulcers. More often, the tumors are 
polypoid or present as flat, raised plaques. Aform of gastric cancer with diffuse infiltration 
of gastric wall (leather bottle stomach or linitis plastica) is well known. 

Classification and Histology 

In 1965, Lauren classified gastric carcinomas into two groups: the intestinal type and the 
diffuse type. Lauren documented that the behavior, hence the prognosis, of the two types of 
tumor were different. 

■ The intestinal type of carcinoma is usually associated with intestinal metaplasia, 
which undergoes transformation to an intramucosal carcinoma (carcinoma in 
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situ), whence generally bulky, readily visible tumors are derived. Intestinal carcinomas 
are usually well-differentiated adenocarcinomas, composed of large, mucus-producing 
cells, are usually located in the distal part of the stomach, and generally have a better 
prognosis than the diffuse type (Correa, 1992). 

■ The less common diffuse type of gastric carcinoma (sometimes also called the gastric 
type ) is derived from glandular crypts and is usually not accompanied by either 
intestinal metaplasia or intramucosal carcinoma. The diffuse type of gastric 
carcinoma is composed of small cancer cells (including the signet ring cell types) 
and tends to infiltrate the gastric wall early and deeply; hence, it usually appears as 
a flat or ulcerated lesion, with poor prognosis. A diagram in Figure 24-20 summarizes 
these events. There are also cases of gastric cancer wherein both types of disease occur in 
the same stomach. 

The confirmatory evidence of this classification scheme was provided by Japanese 
investigators who studied small, early gastric cancers discovered as a part of the cancer 
detection effort. The genesis of the two types of cancer could be confirmed by these 
studies (summary in Takeda 1983, 1984). There is other supporting evidence for this concept. 

In a study of distribution of H -ras oncogene product, protein p21 , it was documented by 
Czerniak et al (1989) that, in the intestinal type of gastric cancer, p21 was expressed in areas 
of intestinal metaplasia and adjacent carcinoma in situ. In the diffuse type, p21 expression was 
evident in morphologically normal mucosa, apparently the source of cancer. Werner et al (2001) 
reviewed the molecular bases of the genesis of the two types of gastric carcinoma. 
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Figure 24-20 Diagrammatic representation of the events in the two types of gastric 
carcinoma, as suggested by Hattori and Fujita (cited by Takeda, 1984). Top row: Events 
in carcinoma of the intestinal type starting with a single cell transformation ( black cell ), the 
process involves gastric glands leading to an intramucosal carcinoma (carcinoma in situ), 
whence bulky, generally well-differentiated gastric cancers are derived. Bottom row: 

Events in carcinoma of diffuse type: the cancer cells, usually small and poorly differentiated 
(black) originate in glandular crypts and infiltrate the adjacent gastric wall without forming a 
carcinoma in situ. [Modified from Takeda M. Gastric cytology — recent developments. In 
Koss LG, Colman OV (eds). Advances in Clinical Cytology, Vol 2. New York, Masson, 1984, 
pp 49-65, with permission.] 



Cytology of Advanced Gastric Carcinoma 

The concept of the two types of gastric cancer is not only of theoretical, but also of practical 
diagnostic and prognostic value and is reflected in histology and cytology of gastric carcinoma. 
Carcinomas of the intestinal type shed large, readily recognizable cancer cells, 
whereas carcinomas of the diffuse type are characterized by smaller, sometimes 
inconspicuous cancer cells. Pilotti et al (1977) successfully tested this type of classification 
of gastric carcinoma by gastric cytology in 78 patients. Takeda et al (1981) applied this 
classification to cytologic samples in 119 cases of early gastric carcinoma with excellent results. 
Incidentally, there are no differences in abnormal DNAploidy values between these two tumor 
types (Czerniak et al, 1987B). 



In gastric lavage specimens, the background of smears often contains evidence of 
inflammation and necrosis that may obscure the cytologic features. Direct brush 
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specimens, particularly if obtained from the surface of the lesion, may also contain a great 
deal of necrotic material. Perhaps the easiest to interpret are lavage specimens obtained 
by means of a jet of fluid under direct gastroscopic control. 

In all types of gastric cancer, the presence of single cancer cells with identifiable 
malignant features is an important diagnostic prerequisite. 

Cytology of Gastric Adenocarcinoma of Intestinal Type 

The intestinal-type tumors usually shed large cancer cells of cuboidal or columnar 

configuration. The size of the 
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cancer cells may be variable, but extreme size differences are rare. The cancer cells are 
dispersed or form loosely structured, tri-dimensional clusters, sometimes of papillary 
configuration, which differ from tightly knit, honeycomb-type flat clusters of benign gastric 
cells, often observed in the same smears (Fig. 24-21). Cell clusters are more common in brush 
specimens than in lavage specimens. Multinucleated giant cancer cells are seen from time to 
time. 

The fragile cytoplasm of the cancer cells may be stripped or damaged, leaving behind 

characteristic enlarged, pale or translucent nuclei with a prominent nuclear membrane 
that is often jagged or indented. Within the nuclei, there are large, single or multiple, 
spherical or irregular, comma-shaped nucleoli (Fig. 24-21 B). Nuclear hyperchromasia, or 
at least coarse granularity of the chromatin and opaque appearance of the nuclei, may 
be observed, but this feature is not always dominant. Truly hyperchromatic cancer cells 
may be occasionally observed in gastric washings (Fig. 24-21 C), most likely representing dead 
cells removed from the surface of the tumor. 

The differential diagnosis of gastric adenocarcinoma of intestinal type is mainly with 
chronic peptic ulcer (see above) and regenerating gastric epithelium, as observed in 
aspirin gastritis and chemoradiotherapy-induced changes (Brien et al, 2001). In most 
instances, the abundance of the characteristic cancer cells in the cytologic specimen is 
sufficiently persuasive for the diagnosis of cancer to be made. If the evidence is scanty and 
limited to a few atypical cells, however, the clinical history and roentgenologic findings are of 
significant assistance in avoiding errors. 
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Figure 24-21 Gastric adenocarcinomas (intestinal type). A Composite photograph of 
columnar and spherical cells of gastric adenocarcinoma with large, prominent nucleoli. B. 
Single gastric cancer cells showing enlarged nuclei and prominent nucleoli. C. Cluster of 
gastric cancer cells with nuclear hyperchromasia and prominent nucleoli. D. Gastric 
carcinoma of intestinal type. (A Composite photograph obtained by PAPNET. With the 
permission of TriPath Imaging, Burlington, NC.) 



Cytology of Gastric Adenocarcinoma of Diffuse (“Gastric”) Type 
In tumors of this type, the cancer cells are small, often inconspicuous, and approximately 
spherical in configuration. The nuclei are relatively large, somewhat hyperchromatic, and often 
contain conspicuous nucleoli (Fig. 24-22AC). The cytoplasm is scanty, basophilic, often poorly 
preserved. In direct brush specimens, the recognition of the malignant nature of the small cells 
is relatively easy (Fig. 24-22A.B). In gastric lavage specimens, the cells are sometimes difficult 
to identify, particularly if the material contains many contaminating squamous cells and the 
tumor is very poorly differentiated (Fig. 24-22C.D). In some cases, molding of 
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the small cells may be observed. Rarely, bi- or multinucleated cells may occur. 
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Figure 24-22 Diffuse gastric type carcinomas. A Dispersed relatively small cancer cells 
with nuclear irregularities, some hyperchromasia and prominent nucleoli, corresponding to 
the tissue pattern shown in B. The tumor is composed of sheets of small cells. C. 

Scattered small cancer cells with prominent nucleoli in gastric lavage, also containing 
squamous cells. D. Corresponding tissue lesion with a very poorly differentiated small cell 
carcinoma. 



The differential diagnosis of anaplastic carcinomas comprises metastatic (or swallowed) cells 

of bronchogenic oat cell carcinoma and malignant lymphoma (see below). 

Signet ring-type cells are recognized by their usually large size and large cytoplasmic 
vacuoles, pushing the nucleus to the periphery. Because similarly structured benign cells may 
also occur, it is important to ascertain that the signet ring cell has the nuclear characteristics 
of cancer, namely large, clear nuclei with irregularly shaped nuclear membrane and 
large, irregular nucleoli or large, hyperchromatic nuclei (Fig. 24-23A.B). 

Mixed Types of Gastric Carcinomas 

Rarely, the intestinal and diffuse type of gastric carcinoma may occur simultaneously. 

Pilotti et al (1977) identified only 2 such cases in 78 patients with gastric cancer. The cytologic 
presentation combined the features of both tumor types. 

Rare Types of Gastric Carcinoma 

The rare colloid carcinomas may shed compact clusters of large cancer cells, with large 
nucleoli, containing cytoplasmic mucus that can be visualized with mucicarmine (Fig. 24- 
23C,D). 

Squamous carcinomas or a mixture of squamous and adenocarcinoma (adenosquamous 
carcinomas) may occur in the area of the cardia and are similar to esophageal carcinomas of 
the same type (Fig. 24-24). Usually, the squamous carcinomas are poorly differentiated 
(epidermoid carcinomas). Keratin-forming squamous cancers are rare. In the presence of a 
squamous component, swallowed cancer cells from a tumor of the respiratory tract or 
esophagus must be considered in the differential diagnosis. 
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Rare malignant epithelial tumors combining features of an adenocarcinoma and a carcinoid 
have been recognized in cytologic material (Wheeler et al, 1984). Large, columnar cells 
of an adenocarcinoma and small, monotonous cells of a carcinoid were observed side by 
side in the same gastric brush smear. 

Gastric carcinomas have been observed in Menetrier's disease (Wood et al, 1983; also see 
above). An unusual association of gas cysts of the stomach with gastric cancer was 
reported by Bhatal et al (1985). Multinucleated giant cells of foreign body type, which are 
characteristic of these cysts were observed in smears next to malignant cells. 
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Figure 24-23 Various features of gastric cancers. A. Signet ring cancer cell with the 
cytoplasm infiltrated by polymorphonuclear leukocytes, corresponding to the metastatic 
gastric carcinoma shown in B. C. High-power view of mucicermin-stained sharply 
demarcated cluster of mucus-producing large cancer cells, corresponding to colloid 
carcinoma, shown in D. 



PRECURSOR LESIONS OF GASTRIC CARCINOMA EARLY SUPERFICIAL 
CARCINOMAAND “DYSPLASIA” 

Although it is clear that invasive gastric cancer has to be preceeded by a precancerous 
abnormality of gastric epithelium, the documentation of this sequence of events is relatively 
recent. The pioneering work in the recognition of gastric carcinoma in situ and related 
abnormalities was performed by Dr. R. O. K. Schade, during his tenure at Newcastle-on-Tyne, 

UK (Schade 1956A.B, 1959, 1960AB, 1963). He studied patients who either had vague clinical 
complaints referable to the gastrointestinal tract or had pernicious anemia and, therefore, were 
at risk for the 
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development of gastric cancer. The cytologic specimens were obtained by washing the 
stomach with saline through a simple gastric tube on 3 consecutive days and examining smears 
obtained from the centrifuged sediment. Within 5 years (1954-1959), Schade was able to 
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diagnose by cytology 41 cases of very superficially invasive or preinvasive cancer of the 
stomach, of which 16 were in entirely asymptomatic patients. 




Figure 24-24 Adenoacanthoma of stomach. A Composite photograph of cancer cells 
from the tumor shown in B. The tumor has a glandular and squamous component. (A: 
Images obtained with PAPNET apparatus. With permission of TriPath Imaging, Burlington, 
NC.) 



The work of Schade found a following primarily in Japan, where gastric carcinoma is a national 
scourge, with the hope that early detection of gastric cancer can modify the dismal mortality 
statistics. There, the gastric lavage was supplemented by fiberoptic gastroscopy which 
was initially developed by the Japanese bioindustry specifically for the purpose of 
gastric cancer detection. The Japanese health services provided mobile health stations as 
fully equipped and staffed buses in order to make gastric cancer detection available to all 
citizens, even those living in small, remote villages. Incidentally, the role of the mobile health 
stations was subsequently extended to offer cervicovaginal smears and chest x-rays, thus 
including cervix and lung cancers in the cancer prevention scheme. 

The accomplishments of the Japanese scientists have radically altered the outlook on the 
diagnosis and prognosis of gastric carcinoma (for summaries see Inokuchi, 1966; Kasugai, 

1968; Kasugai and Kobayashi, 1974). A large number of papers have documented that the 
survival of patients treated for superficial carcinoma is vastly superior to survival of treated 
patients with more advanced gastric cancer. As early as 1966, Inokuchi et al reported a 5-year 
cure rate of over 90%. Yamazaki et al (1989) reported 5-year survival of 509 treated patients 
with early gastric cancer as close to 100%. By contrast, about one-half of 18 patients with 
this disorder, who were not treated for various reasons, died of gastric cancer within 5 years. 
The comparative survival of 350 patients with occult, but advanced gastric cancer, treated 
by curative surgical resection, was 72% after 5 years and 65% after 10 years. On the other 
hand, all 127 patients with advanced cancer who, for various reasons, were not treated for 
cure, died within 3 years. 

As a consequence of these efforts, the discovery of gastric cancer in the asymptomatic 
early stage, notably as superficial carcinoma or carcinoma in situ, has become the rule, 
rather than the exception in Japan. The techniques of gastric cancer diagnosis have now 
achieved worldwide dissemination, particularly fiberoptic gastroscopy combined with gastric 
cytology and biopsies. 

In spite of this progress, the older, we 1 1 -tolerated and inexpensive technique of gastric 
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lavage still has its place, particularly in the developing countries, as a means of gastric 
cancer detection and diagnosis in high-risk patients, for example, in patients with 
pernicious anemia or those with minimal symptoms referable to the upper 
gastrointestinal tract. 

Endoscopic Presentation and Histology 

The extensive Japanese experience in the detection of early gastric cancer has led to the 
formulation of new concepts of this disease. Although the Japanese investigators recognized 
that carcinoma confined to the gastric epithelium (true carcinoma in situ) does exist, it 
was also noted that even a very superficial invasion of the submucosa may occasionally 
be associated with metastases to the regional lymph nodes. Hence, it is considered 
prudent to replace the term carcinoma in situ with superficial or surface gastric 
carcinoma. 

The endoscopic appearance of early (superficial) gastric carcinoma could be separated into 
three principal types (Fig. 24-25). 

■ Type I is a polypoid lesion, elevated above the normal level of the epithelium, usually a 
carcinoma of intestinal type. 

■ Type II is a flat lesion, either slightly elevated above the level of the epithelium or slightly 
depressed, usually a carcinoma of intestinal type. 

■ Type III is a superficially ulcerated lesion, usually a carcinoma of diffuse (gastric) type 
that may be invasive at the time of discovery. 

Type I, II abnormalities are by far more common than type III. Acombination of the three types is 
sometimes observed. It is still not clear how much time is required for the progression of 
untreated superficial carcinoma of gastric mucosa to fully invasive carcinoma. The progression 
is likely to be much slower in the intestinal than in the diffuse type of lesions. The evidence at 
hand strongly suggests, however, that superficial gastric cancers, particularly of the diffuse 
type, are potentially highly dangerous and must be treated. 

Superficial Carcinoma 

The histologic appearance of the early lesions is illustrated in Figure 24-25. The early stages of 

intestinal type of gastric carcinoma are characterized by disorderly glands of variable 
sizes, lined by cells with hyperchromatic nuclei, often with prominent nucleoli. The 
diffuse type of lesions is characterized by an accumulation of small, often signet-ring 
type of cancer cells within the epithelium, infiltrating and often replacing the normal glands. 

“Dysplasia” of Gastric Epithelium 

Regardless of the diagnostic sophistication of the observer, gastric histology (and cytology) 
occasionally poses major diagnostic dilemmas. In incidental endoscopic biopsies, there occur 
epithelial abnormalities that are clearly on the border of cancerous changes in the form of 
atrophic gastritis with good preservation of the glandular pattern, but significant 
nuclear abnormalities within the glands. Similar lesions were classified as “dysplasia” of 
gastric epithelium (Morson et al, 1980; Jass, 1983). The parallel may be drawn with “dysplasia” 
occurring in Barrett's esophagus although, to my knowledge, the follow-up of such gastric 
lesions is limited. Rotterdam et al (1993) cite several follow-up studies that strongly suggest that 
“severe dysplasia” is a precursor of gastric cancer. The exact clinical significance of such 
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changes is not fully 

understood, and the therapeutic dilemma is often resolved by surgical intervention that is 
dictated by prudence, rather than by biologic facts. The difficulties in the differential 
diagnosis of gastric “dysplasia” with epithelial abnormalities occurring in chronic 
gastric ulcers and “aspirin” gastritis have been discussed above and must be 
considered in the differential diagnosis of such lesions. The differential diagnosis must 
also include gastric epithelial abnormalities observed in patients undergoing 
chemoradiotherapy for esophageal cancer (see below). 
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Figure 24-25 Superficial gastric carcinomas. A,B. Type I, polypoid lesion; well- 
differentiated intestinal type of adenocarcinoma. C,D. Type II, flat lesion; moderately well- 
differentiated adenocarcinoma of intestinal type. E,F. Type III, ulcerated lesion; signet-ring 
carcinoma of diffuse type. (Cases courtesy of Prof. S. Shida, Dokkyo University, Mibu, 
Japan.) 
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Cytology 

Superficial Carcinoma (Carcinoma in Situ), Intestinal Type 

In gastric lavage smears from cases of gastric carcinoma in situ (superficial carcinoma) reported 
by Schade (1963), 
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abundant cancer cells were present (Fig. 24-26). There was no evidence of necrosis that so 
often complicates the problem of cytologic diagnosis of advanced and ulcerated gastric 
cancers. The lesions observed by Schade were mainly of the intestinal type. The cancer 
cells were large, cuboidal, and contained large, somewhat hyperchromatic nuclei of 
variable sizes, with prominent multiple nucleoli. The cytologic findings reflected the tissue 
abnormality wherein cancer cells lined gastric glands of irregular shape and variable sizes. In 
superficial carcinoma, cancer cells tend to form more compact clusters than in more advanced 
cancers. The nuclear and nucleolar abnormalities, particularly the latter, become of paramount 
diagnostic significance. 
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Figure 24-26 Cluster of cancer cells ( A ) and tissue section (B) from a case asymptomatic 
carcinoma in situ of the stomach diagnosed by gastric washings. (Courtesy of Dr. R. O. K. 
Shade, Newcastle-upon-Tyne, England.) 



Schade's observations that cytologic preparations from superficial carcinomas are easier 
to interpret than material from advanced gastric cancers have received ample 
confirmation from Japanese sources and are also in keeping with personal experience. The 
specimens are usually free of extensive necrosis and debris and the cancer cells are well 
preserved (Fig. 24-27). 
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Figure 24-27 Gastric carcinoma in situ. Superficial gastric carcinoma of intestinal type. 
A Highpower view of cohesive cluster of large cancer cells with prominent nucleoli. B. 
Dispersed cancer cells with similar characteristics. C. Another cohesive cluster of columnar 
gastric cells with markedly atypical nuclei. D. Tissue lesion showing gastric carcinoma in 
situ. (Case courtesy of Professor S. Shida, Dokkyo University, Mibu, Japan.) 



Superficial Carcinoma, Diffuse Type 

The rare superficial diffuse carcinomas of signet ring type also shed better preserved 
cancer cells in which the presence of mucus-containing vacuoles and the morphologic 
abnormalities of the eccentric nucleus are evident. An example of such cells is shown in Figure 
24-23A 

“Dysplasia” of Gastric Epithelium 

Our experience with cytology of gastric dysplasia is limited. The lesion may pose major 
diagnostic dilemmas in the correlation of cytologic and histologic findings, as shown in the 
example illustrated in Figure 24-28. The 54-year-old man had vague abdominal complaints, but 
no radiographic lesion of note. Cytologic examination of a gastric wash specimen revealed 
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numerous clusters of highly abnormal large cells with hyperchromatic nuclei and 
abnormal chromatin patterns that were diagnosed as gastric carcinoma. The histologic 
examination of the resected sleeve of the stomach revealed an atrophic gastritis with good 
preservation of the glandular pattern but significant nuclear abnormalities within the glands. 

The difficulties of differential diagnosis between gastric dysplasia and cytologic 
abnormalities in chronic gastric ulcers and aspirin gastritis have been discussed above. A 
careful review of history and knowledge of endoscopic findings is necessary before the 
diagnosis of gastric “dysplasia” is established. Another potential source of error is the 
“dysplasia-like” changes in gastric epithelium caused by chemoradiotherapy for esophageal 
cancer (Brien et al, 2001). These authors suggested that two immunochemical tests, performed 
on gastric biopsies, may assist in the differential diagnosis between benign gastric epithelial 
abnormalities and true dysplasia. With the use of antibody MiB-1, the proliferation of 
noncancerous gastric epithelium was limited to the depth of gastric glandular crypts whereas, 
in true dysplasia, the reaction was generalized and involved surface epithelium. Nuclear 
staining with antibody to p53 was generally negative in benign lesions and strongly positive in 
dysplasia. 



CYTOLOGY IN THE DIAGNOSIS OF RECURRENT GASTRIC CARCINOMA 

After partial gastrectomy for gastric cancer, it may occasionally be possible to diagnose 
recurring tumor by means of gastric washings. The matter is more often than not of theoretic 
value only, since in most such cases metastases are present. Offerhaus et al (1984) observed 
that “dysplasia” of the residual gastric stump after resection for gastric carcinoma was a 
precursor lesion of recurrent gastric cancer. Unfortunately, the study did not include a cytologic 
component. 
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Figure 24-28 Precancerous gastric lesion in a 54-year-old man. A-C. Markedly 
atypical gastric cells with nuclear hyperchromasia. In C, the cells are columnar (gastric 
washings). D. Biopsy of gastric epithelium showing moderate atypia of the lining of the 
glands, interpreted as a precancerous lesion. 



1517/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



24 - The Gastrointestinal Tract 



RESULTS OF CYTOLOGIC DIAGNOSIS OF GASTRIC CARCINOMA 

It may be of some interest that even before the introduction of fiberoptic instruments, 
specialized laboratories, often directed by gastroenterologists, reported a very high rate of 
accuracy for gastric cancers diagnosed by cytology in lavage specimens. Errors in the 
diagnosis of gastric cancer in the published series varied from 0% to 4.3%. The results of early 
personal work in gastric cytology were summarized by McNeer (1967). 

Since the introduction of fiberoptic instruments in the 1960s, significant progress has been 
mainly in the discovery of early gastric carcinomas that offer significantly better therapeutic 
options than more advanced gastric cancer. Adramatic illustration of the change that occurred 
with the introduction of fiberoptic instruments was provided by Kasugai and Kobayashi (1974), 
comparing the results of the lavage method and cell samples obtained under direct vision 
(Table 24-3). In competent hands, combining brush cytology with multiple gastric biopsies, the 
diagnosis of early gastric cancer may be achieved in nearly 100% of such lesions. 

Still, there is some controversy in reference to the value of brush cytology when compared with 
direct biopsy of gastric lesion. Thus, Cook et al (1988) suggested that the brushings add very 
little to biopsies and are a source of “false-positive” errors. In the hands of Qizilbash et al 
(1980), the brush specimens were positive in about 89% of the cases of gastric cancer, the 
biopsy in 93%, and the combination of the two methods in over 95% of the cases. A more 
optimistic evaluation was offered by Gupta and Rogers (1983), who diagnosed, by brush 
cytology 21 carcinomas that initially could not be documented by other means. However, these 
authors also recorded nine unproved, presumably false-positive diagnoses. Hughes et al (1998) 
studied, by logistic linear regression analysis, the results of gastric brush cytology from 100 
patients from several institutions, 50 with documented benign lesions and 50 with gastric 
cancer. The conclusions of this study, listing the presence of intact cancer cells, eccentric 
position of nuclei and atypical nuclei as the three most important features of gastric cancer 
added little to existing knowledge. Unfortunately, the gastric cancer cases were not 
subclassified into the intestinal and diffuse types. 

In reviewing the accumulated data, it appears that the most important aspect of gastric 
cytology is the falsepositive rate, the principal sources of error being regenerating 
gastric epithelium, as in chronic peptic ulcer or aspirin gastritis (see above). The 
accuracy of diagnoses obviously depends on quality of the specimens, their technical handling, 
and the competence and experience of the observer. 
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TABLE 24-3 COMPARISON OF CYTOLOGIC RESULTS IN THE DIAGNOSIS OF 

GASTRIC CANCER 



Number of Cases of Gastric 
Carcinoma 



Cytology Diagnostic 

Positive Accuracy 



Routine lavage 



136 



110 



80.9% 



Direct vision lavage 
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Early 

carcinoma 



128 



122 



95.3% 



Advanced 



carcinoma 



384 



372 



96.9% 



Direct vision 
brushing 



21 



20 



95.5% 



(Modified from Kasugai T, Kobayashi S. Evaluation of biopsy and cytology in the 
diagnosis of gastric cancer. Am J Gastroenterol 62:199-203, 1974.) 



GASTRIC LYMPHOMAS 

Gastric lymphomas account for about 5% of gastric malignant tumors and about one half of 
malignant lymphomas occurring in the gastro-intestinal tract. Although the general classification 
of malignant lymphomas is discussed in Chapter 31, gastric lymphomas have specific features 
that warrant a separate discussion. Of particular interest are the so-called MALT lymphomas or 
malignant lymphomas occurring in the mucosa-associated lymphoid tissue, discussed 
below. The clinical presentation of primary gastric malignant lymphomas is often indolent, 
mimicking gastric ulcer or gastritis. The tumors have a high curability rate, particularly if 
diagnosed early (Case Record 13-1995, Massachusetts General Hospital). Therefore, an 
accurate diagnosis of gastric lymphoma is of great benefit to the patient and cytologic 
examination of gastric brush specimens may contribute to it. It should be noted, however, that 
malignant lymphomas develop beneath the gastric epithelium, which must be invaded by tumor 
or ulcerated for the malignant cells to reach the gastric lumen and thus be accessible to 
cytologic diagnosis. 

Large Cell Lymphomas 

Nearly all gastric lymphomas are of non-Hodgkin's B cell type. Large-cell malignant 
lymphoma of various subtypes is the most frequent form of gastric lymphoma 
(Weingrad et al, 1982). The disease is intramural, but may be diagnosed cytologically if the 
mucosa is involved or if there is an ulcerative lesion. Because of the presence of necrotic 
material and debris, particularly in the presence of an ulcerated lesion, the diagnosis of 
lymphoma is difficult in gastric lavage. Brush specimens, however, usually show a nearly 
pure population of malignant cells with little debris. In the example shown in Figure 24- 
29AB, medium-sized malignant cells with very scanty cytoplasm were observed in 
gastric brushings. The cells formed loosely structured clusters and occurred singly, a 
characteristic feature of malignant lymphomas, also emphasized by Lozowski and Hajdu (1984). 
The size of the nuclei was estimated by Lozowski and Hajdu to be twice or three times the 
size of normal lymphocytes. Large, prominent, often multiple, nucleoli were noted within 
the granular nuclei. Other cytologic features of large-cell gastric malignant lymphoma are 
similar to those seen in effusions (see Chap. 26). Thus, nuclear protrusions, nuclear 
cleavage, and apoptosis (karyorrhexis) may be observed. Large-cell lymphoma must be 
differentiated from small-cell anaplastic carcinoma. In the latter, tight cell clusters and cell 
molding are evident, features that are not seen in malignant lymphomas. 
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Small-Cell Malignant Lymphomas and MALT Lymphomas 

Within recent years, the entity of small cell lymphoma of the stomach has been enriched by the 
recognition of malignant lymphomas occurring in the mucosa-associated lymphoid tissue 
(MALT lymphomas) (Isaacson and Wright, 1984; Isaacson, 1995). These tumors have several 
unusual features, including an indolent course, an association with H. pylori, and a high cure 
rate. It is speculated that the infection with H. pylori leads to a chronic inflammation with 
accumulation of lymphoid tissue in the gastric wall that becomes transformed into lymphoma 
(Zucca et al, 1998). Most, if not all, gastric lesions, previously classified as 
pseudolymphomas, belong to the category of MALT lymphomas (Sweeney et al, 1992). 
Occasionally, MALT lymphomas may progress to a large cell lymphoma (Chan et al, 1990). 

The cytologic diagnosis of small-cell, well-differentiated lymphocytic lymphoma is 
exceedingly difficult in suboptimal material obtained by gastric lavage. The principal problem 
is the presence of lymphocytes in chronic gastritis or gastric ulcer. Also, the cellular and nuclear 
characteristics of the very small malignant lymphocytes may be insufficient to establish this 
diagnosis in lavage specimens. 

In gastric brush specimens, the characteristic features of small cell lymphomas may be better 
evident. Immunocytologic stains should be of value in this diagnosis (see Chap. 31). As an 
example and through the courtesy of Dr. Misao Takeda (formerly of Jefferson Medical College 
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in Philadelphia), we had the opportunity to study the gastric smears in a case originally 
classified as a “pseudolymphoma” but in retrospect is an excellent example of MALT lymphoma 
(Fig. 24-29C.D). The smears were characterized by very loosely structured sheets of 
somewhat enlarged lymphocytic cells, many containing visible nucleoli. In retrospect, 
the smaller tumor cells were very similar to cells of a large cell lymphoma (compare Fig. 24-30A 
with Fig. 24-30C). Scattered plasma cells were also evident. The diagnosis of a malignant 
lymphoma could be established with confidence in this case. 




Figure 24-29 Gastric lymphomas. A,B. Large cell lymphoma. A. Acluster of markedly 
atypical cells of lymphocytic lineage. The cells are characterized by irregular nuclei, 
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prominent nucleoli and very scanty cytoplasm. B. The corresponding large cell lymphoma 
infiltrating gastric wall. C,D. Gastric brushing and biopsy in a lesion initially classified as 
pseudolymphoma and now reclassified as MALT lymphoma. The smaller cells in the 
gastric brush are morphologically similar to those shown in a large cell lymphoma in A D. 

The gastric lesion corresponding to C with formation of lymphoid follicles. ( C higher 
magnifications). ( C,D courtesy of Dr. Misao Takeda, Philadelphia.) 



In the presence of lymphoma, gastric epithelial cells may disclose considerable atypia, 

similar to that seen in peptic ulcers and probably caused by nonspecific ulcerative or 
inflammatory changes in the mucosa. 

Hodgkin's Disease 

Primary gastric Hodgkin's disease is exceedingly rare. However, Hodgkin's disease of adjacent 
lymph nodes may sometimes involve the gastric wall. In such uncommon cases, cancer 
cells may be observed in exfoliated material but the specific diagnosis cannot be made in the 
absence of clinical data. The few clearly malignant and polyhedral cells with hyperchromatic 
and occasionally double nuclei mimic an epithelial tumor. Raskin et al (1958) and Rubin (1974) 
reported seeing Reed-Sternberg cells in gastric cytologic material but this has not been our 
experience. 

Performance of Cytology in the Diagnosis of Gastric Lymphoma 

As gastric cytology came into widespread use, the early experience with the cytologic diagnosis 
of malignant lymphomas was variable. Katz et al (1973) reported a relatively poor experience 
with cytologic diagnosis of these lesions. On the other hand, Kline and Goldstein (1973) 
reported successful cytologic identification in 9 of 10 patients with this group of diseases. Prolla 
et al (1970) identified 30 such lesions in 46 patients. Lozowski and Hajdu (1984) studied 29 
cases of malignant lymphomas of the gastrointestinal tract, including 24 primary gastric 
lymphomas. These authors could establish a definite cytologic diagnosis in 5 of 24 gastric 
lymphomas, 1 of 2 lymphomas of small bowel, and all 3 colonic lymphomas. Sherman et al 
(1994) studied 27 patients and could establish the cytologic diagnosis in 10 of 
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18 patients with primary large cell type gastric malignant lymphomas and in 2 of 7 patients with 
metastatic lymphomas. In 2 of 4 cases with negative biopsies, cytology was suspicious. 

Suspicious diagnoses were also rendered in two cases of gastritis. Thus, the role of cytology 
in the diagnosis of gastric malignant lymphoma is that of an ancillary technique that 
may occasionally contribute to the diagnosis in cases of biopsy failure or timid 
interpretation of histologic evidence. 

GASTROINTESTINAL STROMAL TUMORS 

Avariety of relatively uncommon mesenchymal tumors of gastric and intestinal walls, 
previously classified as leiomyomas, leiomyosarcomas, leiomyoblastomas, 
neurilemomas, gastrointestinal autonomic nerve tumor (GANT), tumors of vascular 
origin, etc. are now classified as gastrointestinal stromal tumors (GISTs) (Hurlimann and 
Gardiol, 1991; Franquemont and Frierson, 1992). These tumors have in common certain 
clinical, molecular, and immunocytochemical features that set them apart from morphologically 
similar tumors of other organs. These tumors, which may occur in families, are thought to be 
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derived from the interstitial intestinal cells first described many years ago by Ramon y Cajal that 
have a growth factor receptor named c-kit that can be demonstrated by immunostaining with 
the antibody CD117 and, in a somewhat less specific fashion, with the antibody CD34 
(Sarlomo-Rikala et al, 1998; Miettinen et al, 1999). Positive staining with the antibody CD117 
has now been declared essential for the diagnosis of GIST (Fletcher et al, 2002). Afamily with 
a germline mutation of c-kit was described by Maeyama et al (2001). 




Figure 24-30 Benign gastrointestinal stromal tumor (GIST) in aspirated material. A. 

Asheet of spindly cells forming a whorl. B. Asheet of cells, shown in C under higher 
magnification. The cells are spindly in configuration and have virtually no nuclear 
abnormalities. D. Gastric tumor corresponding to B and C, immunostaining positively for 
CD34. (Courtesy of Dr. Jacek Sygut, Kielce, Poland.) 



About 60% of GISTs are of spindle cell type, corresponding to the make-up of smooth muscle 
or nerve tumors. About 30% of these tumors are composed of large, epithelium-like cells, 
corresponding to epithelioid leiomyosarcomas, previously also known as leiomyoblastomas. 

Suster et al (1996) described three patients with signet ring type cells. Most of these tumors 
are benign but about one quarter are malignant and capable of metastases (Miettinen et al, 

1999; Trupiano et al, 2002). Tumor size greater than 5 cm in diameter is an important criterion 
in poor prognosis (Fletcher et al, 2000). Stomach is the most common site of origin of these 
tumors, followed by small intestine. These tumors are rare in the large intestine. Some of 
the malignant GISTs appear to respond to a drug known as imatinib mesylate (Gleevec, 

Novartis Pharmaceuticals Corporation, East Hanover, NJ) that is effective in the treatment of 
chronic myelogenous leukemia (summary in Joensuu et al, 2001; Savage and Antman, 2002; 
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Demetri et al, 2002). It must be noted that GISTs, like lymphosarcomas, develop in the gastric 
wall beneath the gastric epithelium, which must become ulcerated before tumor cells can reach 
the gastric lumen. In such cases, the tumor cells may be identified in gastric lavage or 
brushings. However, small, nonulcerated tumors may now be aspirated under endoscopic 
ultrasound guidance, a technique described in detail below in reference to bile ducts (Stelow 
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Cytology 
Benign GISTs 

Benign GISTs correspond to leiomyomas or nerve-derived tumors composed of bundles of 
spindly cells with few, if any, nuclear abnormalities and low mitotic count (<5 per 50 high power 
fields). These tumors can be recognizedonly in aspiration biopsies. In a limited number of 
cases seen by us, thetumor cells in aspirates formed distinct, loosely structured fragments, 
sheets or bundles of spindly cells with monotonous elongated nuclei (Fig. 24-30). A 
loosely structured matrix was enveloping the cells. Single cells were very rare. The smears had 
a clean background and were remarkably free of debris or inflammatory cells. Tissue biopsies 
in such cases were negative for S-100, desmin and myoglobin antibodies but positive for 
CD117 and CD34. Similar findings have been reported by others (King et al, 1996; Isimbaldi et 
al, 1998; Li et al, 2001). The differential diagnosis includes an exceedingly rare solitary 
fibrous tumor of the gastric serosa which has a similar cytologic presentation in aspiration 
biopsy (Shidham et al, 1998). 




Figure 24-31 Gastric GISTs in aspirated material. A,B. Aspiration biopsy of a gastric 
tumor composed of rather well differentiated spindly cells with only slight nuclear 
abnormalities. The tumor, which was originally classified as a low grade leiomyosarcoma, 
produced metastasis. C,D. Another example of GIST with relatively slight nuclear 
abnormalities. The tumor cells shown in C are, for the most part, spindly and have rather 
bland nuclei. The tissue biopsy shows another example of GIST with moderate nuclear 
abnormalities. ( C,D courtesy of Dr. Jacek Sygut, Kielce, Poland.) 



Malignant GISTs 

Before the concept of GIST was formulated, most of these tumors were classified as 
leiomyosarcomas, composed of bundles of elongated, malignant spindly smooth muscle 
cells. Thus, Cabre-Fiol et al (1975) observed three cases of leiomyosarcoma in gastric brush 
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specimens. They reported the presence of characteristic elongated, spindle-shaped, 
malignant cells with large, abnormal nuclei and large nucleoli. Similar cases were 
described by Qizilbash et al (1980) and by Drake (1985). Prolla and Kirsner (1972) observed 
elongated malignant cells in bundles after gastric biopsies of leiomyosarcomas. In our 
experience, some GIST tumors previously classified as leiomyosarcomas may be 
composed of spindly cells without significant nuclear abnormalities and yet be fully 
capable of metastases (Fig. 24-31 AB), an observation confirmed by Li et al (2001). In yet 
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another case, the spindly cells showed only slight nuclear abnormalities (Fig. 24-31 C,D). Thus, 
the mere presence of spindly cells in gastric specimens should be noted as a warning 
sign that a malignant tumor may be present in the gastric wall. 

The epithelioid variant of leiomyosarcomas (leiomyoblastoma) is composed of 
polygonal cells that mimic an epithelial tumor. In our experience with aspiration cytology of 
malignant GIST tumors of this type, the smears were composed of epithelioid-type cells with 
clearly malignant nuclear features. The malignant cells were arranged in loosely 
structured tissue fragments (Fig. 24-32A.B). Park et al (1997) reported a case of metastatic 
epithelioid leiomyosarcoma to the liver and emphasized the polygonal configuration and 
abundant cytoplasm of cancer cells. We also observed a case of malignant GIST tumor 
wherein the cells formed gland-like structures mimicking an adenocarcinoma (Fig. 24-32C.D). It 
is evident that only the well differentiated GISTs can be recognized as such in aspiration 
smears. Tumors composed of clearly malignant cells require clinical data for further 
classification. 

Li et al (2001) described cytologic findings in aspirates of 19 GIST tumors from several 
institutions. These authors also stressed the tremendous variability of the cytologic 
presentation of these neoplasms and the absence of features predictive of their metastatic 
behavior. 




Figure 24-32 High-grade GIST tumors of stomach. A Aspiration smear of a tumor 
shown in B. The smear shows clearly malignant cells with nuclear abnormalities. The 
tissue biopsy in B shows a lesion classified initially as an epithelioid leiomyosarcoma. C,D. 
Another example of high-grade GIST tumor. In C, The cancer cells show a 
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pseudoglandular arrangement mimicking a gastric carcinoma. D. The tissue lesion in the 
same case, initially diagnosed as leiomyosarcoma. 



OTHER RARE MALIGNANT TUMORS INVOLVING THE STOMACH 

Acase of primary gastric melanoma, with a contributory diagnosis by cytology, was reported 

by Reed et al (1962). Pigmented malignant cells were observed. 

Gorczyca and Woyke (1992) reported a case of primary gastric choriocarcinoma, diagnosed 
in a brush specimen. Bizarre tumor cells, some forming syncytial clusters, were observed. The 
tumor cells stained for cytokeratins and human chorionic gonadotropin. These authors 
emphasized, however, that these immunostains may also be positive in pure gastric 
carcinomas and, therefore, the morphologic apperance of the tumor cells was of diagnostic 
importance. Carcinoids and other endocrine gastric tumors are discussed below in the colon 
section. 

Metastatic tumors to the stomach may occasionally be diagnosed by gastric washings. Such 
was the case in a few instances of mammary carcinoma observed by us. It should be noted 
that patients with mammary carcinoma treated 

P.888 

with steroids are prone to gastric metastases. Somewhat more frequently, swallowed cancer 
cells of esophageal, laryngeal, and pulmonary origin may be observed in gastric 
specimens. This is an important potential source of diagnostic error that may result in an 
unnecessary laparotomy or even gastric resection. 

THE COLON AND THE RECTUM 

Carcinoma of colon and rectum is the second most lethal cancer in the United States. 

Because the results of treatment of advanced colonic cancer are unsatisfactory with mortality 
rate depending on stage of the disease, a major effort is afoot to prevent the disease by 
recognizing and removing precancerous lesions, or at least to diagnose the disease in early 
stages. 

There are three main approaches to screening for colon cancer: double contrast barium enema, 
colonoscopy, and detection of occult blood in the stool (summaries in Lieberman, 1998; 

Winawer, 1999; Bond, 1999). 

■ Double contrast barium enema. This radiologic technique allows the visualization of small 
space-occupying lesions of the colon. There is considerable debate whether the technique, 
which is time-consuming and not comfortable for patients, but less expensive than 
colonoscopy, can assume the role of an effective tool of early cancer detection (Dodd, 1992). 

■ Colonoscopy. Colonoscopy, or inspection of the entire large bowel by fiberoptic 
instruments, is an expensive and time-consuming technique, requiring the services of a 
skilled gastroenterologist. There is reasonable consensus that this is, by far, the most 
effective colon cancer prevention technique, with a relatively small margin of error in the 
recognition of precursor lesions (reviews in Shinya, 1982; Rexet al, 1997; Inger, 1999). 

■ Detection of occult blood in stools. This is by far the least expensive technique of colon 
cancer detection that is applicable on a large scale. Slide-like commercial devices are used 
to detect blood in tiny samples of stool. The slides can be used by the patients in the privacy 
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of their homes or in the physicians' offices. The presence of blood is indicated by a change 
in color of the slide. Unfortunately, the test is of low specificity, and the presence of blood in 
stool must be further clarified by additional procedures (Gnauck, 1977). In mass surveys, the 
test has been shown to be useful in identifying patients at risk (Mandel et al, 1993; Thomas 
et al, 1995; Scotiniotis et al, 1999). 

CYTOLOGIC TECHNIQUES IN THE DIAGNOSIS OF CARCINOMA OF COLON 
AND ITS PRECURSOR LESIONS 

Cytologic techniques have not entered into the mainstream of clinical approaches to colon 
cancer prevention or diagnosis. Still, there is strong evidence that in skilled hands cytology may 
be helpful in the diagnosis of colon cancer and its precursor lesions. 

Historical Overview 

Before the onset of the era of sophisticated radiologic approaches and colonoscopy, the colon 
has been the target of cytologic investigations for detection or early diagnosis of colonic cancer. 

Bader and Papanicolaou (1952) used a rectal-washing apparatus devised by Loeb (Loeb and 
Scapier, 1951) to obtain samples from the rectum and lower sigmoid for the diagnosis of cancer 
located in the descending colon. 

The concept of colonic lavage for the diagnosis of occult colonic carcinomas was 
subsequently advocated by Raskin and Pleticka (1964, 1971), who achieved remarkable 

diagnostic results in selected symptomatic patients without radiologic abnormalities on barium 

* 

enema. 

Several other lavage techniques were advocated (DeLuca et al, 1974; Katz et al, 1974, 1977). 

In ulcerative colitis, Katzet al (1977) advocated segmental lavage of areas of colon showing 

strictures, grossly distorted mucosa, or endoscopically inaccessible areas. t 

Casts of colon obtained by injecting a soft plastic (Spjut et al, 1963), and even sponges 
packed in soluble capsules (Cromarty, 1977), were used to secure cellular samples from the 
colon. 

Isotonic colon lavage solutions, taken by mouth and used for bowel cleansing before 
colonoscopy, may also serve as a cell-collecting fluid with satisfactory diagnostic results (Rozen 
et al, 1990; Rosman et al, 1994). A similar experiment was conducted on 12 patients before 
colonoscopy by Greenebaum and Brandt (1998; unpublished data) at Montefiore Medical 
Center but failed to be of value. 

For rectal cancer within the reach of the examiner's finger, Linehan et al (1983) 
advocated the preparation of a smear from the surface of the glove. The method was 
successful in the diagnosis of several adenocarcinomas and squamous cancers, as confirmed 
by Soni and Dhamne (1991) and by Wilson et al (1993). 

Current Status 

With the widespread use of colonoscopy, direct brushing techniques have become the 
preferred method of collection of cytology specimens. Colorectal cytology is primarily useful in 

the identification of cancer or precancerous states 
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in high-risk patients (patients with familial polyposis of colon, ulcerative colitis, or 
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patients previously treated for colon cancer) and for the clarification of obscure 
radiographic or colonoscopic findings. Several observers reported that brushing cytology of 
colon increases the yield of precancerous lesions and early carcinoma when compared with 
biopsies (Winawer et al, 1978; Melville et al, 1988; Ehya and O'Hara, 1990). 

NORMAL COLON 

Histology 

The mucosa of the large bowel is composed of a single or a double layer of columnar cells, 
arranged in simple tubular glands (see Fig. 5-6). There are numerous mucus-producing 
goblet cells within the mucosa. The intervening columnar cells have an opaque cytoplasm. 

Electron microscopic studies have shown that the surface-lining cells are columnar with striated 
border; on the surface, there are numerous microvilli with electro-opaque rootlets, a 
feature that may assist in the recognition of colonic cancer cells in metastases (see 
Chap. 26). The cytoplasm of the mucus-producing goblet cells is filled with mucus-containing 
vacuoles that are discharged after reaching the surface of the cell. 

Cytology 

One of the most difficult tasks in obtaining cytologic specimens from this area is to limit the 
amount of debris to ensure a clean smear. The cytologic features of rectal and sigmoid 
washings or brushings in the absence of disease are rarely obtained but are simple to 
interpet. The epithelial cells are easily recognized as slender columnar cells with pale 
spherical nuclei located in the approximate center of the cells. They are similar to 
normal gastric cells (see Fig. 24-1 6B). Depending on the method of securing the 
specimen, these cells occur singly and in loosely structured clusters (in colonic 
washings) or as tightly knit clusters or bundles of parallel cells (in brush specimens). Also 
present are mucus-producing, goblet cells (described in detail in Chap. 19), macrophages, 
leukocytes, some squamous cells of anal origin and, almost invariably, some debris. 




Figure 24-33 A Acute nonspecific colitis in brush smear. The smear is composed mainly of 
inflammatory cells and some necrotic epithelium. B. Amebiasis. The spherical organisms 
(arrow) may be seen in the midst of the inflammatory exudate. 



ACUTE INFLAMMATORY DISEASES 
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Acute Colitis 

Disorders such as amebic colitis or acute diverticulitis result in smears rich in debris and 
inflammatory exudate containing few, if any, intact epithelial cells (Fig. 24-33). Unless specific 
causative agents (such as Amoeba histolytica or ova of Schistosoma) are identified, the 
cytologic diagnosis of colitis must remain nonspecific. 

Histoplasmosis 

Mullick et al (1996) reported two patients (one with HIV infection) with Histopiasma 
capsuiatum infection, causing formation of a colonic and a rectal mass, mimicking cancer. 

Direct smears disclosed the presence of the fungus, described in detail in Chapter 19. 

Cryptosporidiosis 

The intracellular parasite Cryptosporidium, when ingested, infects the intestinal tract causing 
a diarrhea that is selflimiting in normal people but may be life-threatening in immuno- 
compromised patients, particularly those with AIDS (Chen et al, 2002). The diagnosis is usually 
established on biopsies of the intestine showing small spherical excrescences, measuring 
about 3 to 5 pm in diameter on the surface of the epithelial cells. There are no recorded cases 
of cytologic identification of the parasite. 

Cytomegalovirus 

In AIDS patients, involvement of the colon by this virus is not unusual. For further comments on 
the recognition of this virus, see above (Fig. 24-1 7B). 
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CHRONIC INFLAMMATORY DISEASES 

Chronic inflammatory diseases of the bowel are caused by a number of factors, some of which 
are genetic, as shown with human and animal studies (summary in Podolsky, 2002). Based on 
clinical and pathological features, two principal forms of inflammatory bowel disease are 
recognized: ulcerative colitis and Crohn's disease. Both diseases may lead to a variety of 
serious complications, including colon cancer. Cytologic techniques have been extensively used 
in an attempt to identify early cancers in these patients. 

Chronic Ulcerative Colitis 

The disease usually begins in young adults with episodes of bloody diarrhea. The disease 
may be mild, limited to occasional episodes, moderate, with repeated episodes of diarrhea of 
longer duration, or severe in which the patients experience continuous diarrhea with numerous 
bloody bowel movements a day. The fully developed disease is characterized by formation of 
confluent mucosal ulcers limited to various segments of the colon. Polypoid masses or 
nodules may occur at the edge of the ulcers or in the intervening mucosa (Torres et al, 1998). 

Patients with ulcerative colitis are prone to the development of colonic adenocarcinoma, 

as had been recognized many years ago (Cook and Goligher, 1975) and repeatedly confirmed 
(Mellemkjaer et al, 1995). It is generally assumed that colonic cancer in these patients is 
preceded by epithelial abnormalities which have been named “dysplasia,” rather than 
“carcinoma in situ” (summary in Goldman, 1996). Molecular biologic investigation of lesions 
associated with ulcerative colitis suggested that the mechanism of cancer formation may differ 
from spontaneously occurring carcinomas (Greenwald et al, 1992; Odze et al, 2000). 
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Prevention of colonic carcinomas is the goal of treatment of chronic ulcerative colitis. 

In patients with “severe dysplasia,” colectomy is performed as a precautionary measure. In such 
specimens, occult invasive carcinomas are sometimes found. The recognition of “dysplasia” 
and its differentiation from inflammatory changes, either on colonoscopy or biopsy, 
often presents a major diagnostic challenge that may benefit from cytologic examination. 

Crohn's Disease 

Crohn's disease is the principal disorder in the differential diagnosis of ulcerative colitis. 

Crohn's disease is an inflammatory disorder of unknown etiology, but with a strong genetic 
component, observed mainly in young adults but also occurring in children (Podolsky, 

2002). The disease is not limited to the large bowel as it may also involve the small 
intestine but may be observed in distal organs such as the vulva and even the eye. Contrary 
to ulcerative colitis which is limited to the mucosa and is diffuse, Crohn's disease is segmental 
and involves the entire thickness of the intestinal wall. Ulcerations of the mucosa are 
accompanied by a chronic inflammatory reaction in the wall of the intestine, with frequent 
formation of granulomas, and may lead to fistulous tracts. The role of Crohn's disease as 
a precancerous condition is still being debated. However, in the absence of clinical 
information, the cytologic presentation of Crohn's disease involving colon may be 
identical to that of ulcerative colitis. 

Cytology of Chronic Inflmmatory Disease of the Large Bowel 

Ulcerative colitis was a natural target of investigations from the very onset of colonic cytology in 
the 1950s. The principal purpose of this examination is to separate the precancerous 
abnormalities (“dysplasia”) from inflammatory changes on one hand and fully 
developed cancer on the other. Chronic inflammatory changes cause a “repair reaction” in 
the surrounding colonic epithelium and cause problems of interpretation that are very similar 
for all glandular epithelia, such as the endocervix, Barrett's esophagus, and gastric ulcer 
(see Chap. 12; and previous discussion in this chapter). 

In colonic smears, there is evidence of an inflammatory reaction in the form of leukocytes, 
fibrin and debris. The epithelial glandular cells are usually trapped in the exudate and may 
appear singly or in loosely structured clusters. They may be distorted or damaged but 
usually retain their columnar shape, although they may be somewhat enlarged. Their 
nuclei are usually pale-staining and may contain visible nucleoli. As a rule, there is no 
nuclear hyperchromasia. In Crohn's disease, the finding of granulomas, similar to 
tuberculous granulomas, may sometimes lead to a specific diagnosis. 

Identification of Colonic “Dysplasia” 

In ulcerative colitis, the task is similar to the identification of “dysplasia” in Barrett's 
esophagus or stomach, discussed in the first parts of this chapter, and is rendered more 
difficult by the presence of marked inflammation. Early observers (Galambos et al, 1956; 

Boddington and Truelove, 1956), using samples obtained by colonic washings, emphasized 
some of the diagnostic problems. In colonic washings, Galambos et al (1955, 1956) described 
two types of epithelial cells: the bland cells and the active cells. The bland cells were 
larger than normal colonic cells and had large, clear, pale nuclei, corresponding to findings in 
uncomplicated chronic ulcerative colitis. The active cells were also larger than normal and 
their nuclei were characterized by the presence of large, sometimes irregularly shaped 
nucleoli. In the presence of the active cells, particularly if they displayed variability in 
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size, the differential diagnosis between active chronic ulcerative colitis and incipient 
colonic carcinoma (“dysplasia” in current terminology) was impossible. Similar 
difficulties were emphasized by Raskin and Pleticka (1964) and by Prolla and Kirsner (1972). 

The latter authors also reported the presence of atypical lymphocytic cells, which may 
complicate the cytologic picture still further. Festa et al (1985) compared multiple cytologic 
samples obtained by colonic lavage and brushings from 41 patients with ulcerative colitis and 
observed a wide spectrum of cytologic abnormalities, ranging 
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from mild to severe atypia, to carcinoma. These observers found that the morphologic 
differences between “severe atypia” (“dysplasia”) and carcinoma were difficult to 
ascertain. The same problem of interpretation occurred with corresponding biopsies. Six 
carcinomas of the colon (including two in situ carcinomas, or “severe dysplasia,” using 
current nomenclature) were accurately diagnosed. Melville et al (1988) suggested that colonic 
“dysplasia” could be identified in brush smears because of lesser abnormalities in nuclear 
configuration when compared with cells of colonic carcinoma. The illustrative evidence in 
support of this view was not persuasive. In my judgment, all the lesions illustrated had the 
appearance of cancer cells (see below). 

If there is a consensus in this difficult area of cytologic diagnosis, it may be summarized as 
follows: the presence of colonic epithelial cells with moderately enlarged, either 
hyperchromatic or clear nuclei and the presence of distinct, enlarged nucleoli may 
correspond to “dysplasia” or carcinoma of the epithelium of the diseased colon and 
should lead to a confirmatory biopsy (Fig. 24-34). The level of suspicion becomes 
greater if the nucleoli are not spherical but have a distorted contour. 




Figure 24-34 Atypias in chronic ulcerative colitis. A Brush smear of a polypoid colonic 
abnormality in a 50-year-old man with ulcerative colitis. The cells, although forming an 
adhesive sheet, show significant nuclear abnormalities in the form of enlargement and 
small nucleoli. B. Biopsy of the corresponding colonic lesion showing the pseudopolypoid 
arrangement of the inflamed epithelium. C. Another example of cell abnormalities in chronic 
ulcerative colitis. The cells shown in C under a higher power have a markedly enlarged 
nuclei and prominent nucleoli and could not be differentiated from cancer cells. D. 
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Corresponding area of colonic abnormality in a 49-year-old woman with a 20-year history 
of ulcerative colitis. Although the glands are atypical, they cannot be classified as 
malignant. (Courtesy of Dr. June Koizumi, New York Hospital/Cornell Medical Center, New 
York.) 



TUMORS OF THE COLON 
Adenomatous Polyps 
Clinical and Pathologic Data 

Adenomatous polyps are very common benign colonic neoplasms that may either cause 
rectal bleeding or be completely asymptomatic and are an incidental finding on endoscopic 
examination. The polyps may vary in size from tiny, nearly microscopic structures, to substantial 
tumors that may measure several centimeters in diameter. They consist of a central 
connective tissue stalk surmounted by a crown of folded colonic epithelium that may be 
either normal (see Fig. 7-1) or show varying degrees of epithelial abnormality, such as 
“dysplasia” or even foci of carcinoma. If the glands are tubular, the lesions are referred to 
as tubular adenomas. Another type of polyp, villous adenoma, is characterized by long, 
delicate stalks and 

P.892 

may become malignant in a high proportion of cases (Takolander, 1975). Mixed patterns 
of polyps occur. 

Polyps are considered to be a stage in the development of colonic carcinoma (see Chap. 7 and 
Fig. 7-4). Prophylactic removal of polyps reduced the rate of colon cancer and was claimed to 
be an effective prevention measure (Winawer et al, 1996). Lane (1976) emphasized that most 
polypoid lesions of colon are benign. For further discussion of colonic carcinoma, see below. 

Cytology 

In my experience, benign polyps of the colonic mucosa cannot be identified as such in 

brush smears because the cytology is that of benign colon. Thabet and Macfarlane (1962) 
emphasize the presence of slender, elongated “needle” cells and of columnar, fan- 
shaped cells as characteristic of benign colonic polyps. We were unable to confirm this 
observation. Occasionally, colonic washings contain thick fragments of tissues that can be 
embedded in paraffin and identified as polyps in cell blocks. 

However, brush cytology of adenomatous polyps during sigmoidoscopy or 
colonoscopy, prior to biopsy or removal, may contribute to the discovery of polyps 
with various degrees of premalignant changes (dysplasia) or foci of carcinoma (Halpern 
et al, 1997). The features of colonic “dysplasia” have been discussed above and the features 
of colonic carcinoma are discussed below. 

Adenocarcinoma 
Epidemiology and Natural History 

The importance of this devastating disease has been mentioned at the beginning of this 
segment. It is the belief of many epidemiologists, so far unproven, that dietary factors are 
responsible for the frequency of carcinoma of colon. Other risk factors for colon cancer 
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include the presence of adenomatous polyps, particularly in familial polyposis of colon, 
ulcerative colitis, and family history of colon cancer (Winawer et al, 1996; Lynch and de la 
Chapelle, 2003). Brekkan et al (1972) observed colonic carcinomas developing at the site of 
ureterosigmoidostomy. The sequence of molecular biologic events in the genesis of cancer 
of the colon, as proposed by Vogelstein and Kinzer, is discussed in Chapter 7. It has been 
shown that regular intake of aspirin or the related drug sulindac lowers the risk of colonic 
cancer (Thun et al, 1991; Heath, 1993; Ladenheimet al, 1995; Wu, 2000; Sandler et al, 2003; 
Baron et al, 2003). 

It is generally accepted that carcinoma of the colon is preceded by precancerous lesions, 
such as villous adenomas, adenomatous or tubular benign polyps or epithelial lesions, 
classified as “dysplasia.” It is the personal view of this writer that the significance of flat 
lesions of the colonic epithelium, “aberrant crypts” or flat carcinomas in situ, which are 
very difficult to recognize in colonoscopy, has been severely underestimated as precursor 
lesions of colonic cancer, a view also expressed by Pretlow et al (1991). The frequency of 
“aberrant crypts,” lesions most likely representing early stages of formation of flat 
carcinomas in situ, has been emphasized by Japanese observers performing a detailed 
examination of colonic epithelium, with magnifying colonoscopy and methylene blue staining 
(Takayama et al, 1998). The crypts usually show mutations of the K -ras oncogene (Pretlow et 
al, 1993). Incidentally, the frequency of “aberrant crypts” may be reduced after treatment with 
sulindac (Takayama et al, 1998). 



TABLE 24-4 DUKE'S GRADING OF COLONIC CARCINOMAS 

Grade Probability of Metastases 

18% 

44% 

78% 

Based on study of 1 ,726 colonic cancers. 

From Dukes CE. J Clin Pathol 2:95-98, 1949. 



I 

II 

III 



Histology 

Carcinomas of colon appear to the endoscopist as elevated or ulcerated areas of the colon. 
Colonic carcinomas are mucus-producing adenocarcinomas of varying levels of 
differentiation, ranging from well-defined glandular structures to solidly growing, 
anaplastic cancers, which include signet ring adenocarcinoma. Squamous and 
mucoepidermoid carcinomas are occasionally observed (Lundquest et al, 1988), as are very 
rare carcinomas of other types. 
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Staging, Grading, and Prognosis 
Duke's staging and grading, proposed in the 1930s and 1940s, shown in Tables 24-4 and 24-5, 
is still widely used with only minor modifications in the assessment and prognosis of colon 
cancer. Grading indicates a deviation from normal structure of the colonic epithelium and the 
degree of abnormality of cancer cells. Thus, colonic cancers closely resembling normal gland 
structure, lined by cells with only slight abnormalities, are tumors grade I. Solidly growing 
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tumors composed of bizarre or small cancer cells are grade III. The most common gland-forming 
tumors with intermediate abnormalities are grade II. It has been recently proposed that Duke's 
staging be replaced by the TNM system (Greene et al, 2002). 



TABLE 24-5 DUKE'S STAGING OF COLONIC CARCINOMAS 


Stage 


Definition 


Prognosis 
(5-year Survival) 


A 


Tumor confined to mucosa or submucosa 


95% 


B 


Invasion of muscularis 


50%-60% 


C 


Metastasis to regional lymph nodes 


25%-30% 


D 


Distant metastasis 


0 


Based on study of 1 ,726 colonic cancers. 




Dukes CE. J Clin Pathol 2:95-98, 1949. 





Several studies have documented that measuring DNAploidy in colonic carcinoma may have 
prognostic significance: diploid tumors with low S-phase appear to have a better prognosis than 
aneuploid tumors or tumors with high S-phase (Wolley et al, 1982; Wersto et al, 1991; Hixon et 
al, 1995; Takanishi et al, 1996; Cohn et al, 1997). For further comments on DNAploidy, see 
Chapter 47. 

Cytology 

Today, most colonic carcinomas are diagnosed by colonoscopic biopsies. In the years before 
fiberoptic colonoscopy, Raskin and Pleticka (1964) reported that up to 20% of malignant lesions 
of the colon that could not be definitely identified on the initial radiologic examination 
(barium enema) could be diagnosed by colonic lavage. This skilled team diagnosed over 
80% of all colonic carcinomas by cytology. Excellent results were also reported by Katz et al 
(1974, 1977) who used a different lavage method (see above). 

With extensive use of colonoscopy, the role of colonic cytology has been directed toward 
evaluating high-risk patients, such as those with colonic polyposis, ulcerative colitis, or 
patients at risk of recurrence at the site of prior colectomy for carcinoma (DeLuca et al, 
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1974). 

The cells obtained from well-differentiated adenocarcinomas of the colon are large, 
often columnar or cuboidal in configuration, with large, sometimes irregular, 
hyperchromatic nuclei with prominent nucleoli, occurring singly and in clusters (Figs. 

24-35 and 24-36). Adenocarcinomas of the rectum are identical to colonic cancer (Fig. 24- 
37C,D). The cytoplasm varies in amount and is often poorly preserved. The diagnosis is based 
on nuclear abnormalities. Koizumi and Schron (1997) emphasized that in metastatic colon 
cancer, the classical hyperchromatic nuclei may be replaced by clear nuclei with large 
nucleoli (see Chap. 26 for further comments on this topic). In cell blocks of effluents, fragments 
of colonic cancer may be observed. It is of note that cells of colonic carcinoma may express the 
p21 product of the oncogene Ha -ras, which may facilitate their recognition in difficult diagnostic 
situations (Czerniak et al, 1987A). 

In signet ring cell carcinomas, large mucus vacuoles push the large, hyperchromatic 
nuclei to the periphery of large cells. Poorly differentiated carcinomas may be 
represented in smears by cancer cells of variable sizes, that are often approximately 
spherical and have large, hyperchromatic nuclei (Fig. 24-37A.B). In the very rare small 
cell carcinomas, the tumor cells may resemble similar tumors of lung, discussed in Chapter 
20. Silverman et al (1996) emphasized that it may be difficult to identify small cell 
carcinomas in aspiration biopsies as being of colonic origin because of their similarity to 
other small cell neoplasms. 

Results 

Today, the value of colonic cytology is primarily in the evaluation of lesions without clear-cut 
endoscopic or radiographic findings, and in monitoring high-risk patients. However, we have 
also observed several patients in whom the cytology was consistent with cancer and the initial 
biopsy or biopsies were nondiagnostic. Thus, cytology may serve as added insurance that a 
cancer of colon will not be missed. This point was emphasized by Bardawil et al (1990) who 
reviewed their large experience with colonoscopic brush cytology. These authors stressed the 
value of a positive or suspicious cytologic diagnosis, even in the absence of initial 
histologic evidence of carcinoma. The diagnoses were ultimately confirmed in all but one 
patient with a definitive cytologic diagnosis of cancer and in 29 of 34 patients with “suspicious” 
cytologic findings and initially negative biopsies. Similar results were reported by Halpern et al 
(1997). 

Endocrine Tumors 

Tumors with endocrine features, such as benign and malignant carcinoids and endocrine 
carcinomas, occur mainly in the small and large intestine but may also be observed in the 
stomach and the duodenum (Gould and Chejfec, 1978; Gaffey et al, 1990; Caplin et al, 1998). 

The tumors are derived from argentaffin cells dispersed in the mucosa. Most of these tumors 
are occult and are an incidental finding but some may have endocrine activity. We observed an 
example of proliferation of endocrine cells in the wall of the stomach and duodenum of a 12- 
year-old boy with the classical Zollinger-Ellison syndrome of gastric hyperacidity and ulcer 
formation, caused by secretion of gastrin. Most of such cases are associated with 
gastrinomas of the pancreas. In this case, the cells of gastrinoma formed mucosal and 
submucosal islets of cells or “tumorlets” (Fig. 24-38A,B). Because of their location, the 
“tumorlets” could not be identified on endoscopic or cytologic examination (Bhagavan et al, 
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1974). On the other hand, we observed a patient with a malignant carcinoid of the duodenum, 
metastatic to the lung that could be securely diagnosed on a bronchoscopic sample. Small 
tumor cells with small nuclei of even sizes in the smears and the cell block of the material were 
characteristic of the disease (Fig. 24-38C,D). 

Maligant Lymphoma 

The MALT lymphomas, some previously classified as pseudolymphomas, discussed above 
in reference to the stomach, also occur in the the small intestine and the colon. Athickening of 
the intestinal wall is often seen in these disorders. A point in the differential diagnosis of such 
lesions is Whipple's disease, which may be difficult to distinguish on clinical and radiologic 
grounds (Whipple, 1907). Whipple's disease, which may affect many other organs besides the 
intestine, is characterized by large macrophages, containing a bacterium, Tropherima 
whippelii (Reiman et al, 1992). To our knowledge, there is no record of such a lesion 
diagnosed by cytologic techniques. 

A large cell B-cell lymphoma of cecum diagnosed by aspiration biopsy (FNA) was reported 
by Chen et al (1992). 
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Figure 24-35 Colonic carcinoma in ulcerative colitis. A A brush smear containing 
cancer cells with enlarged nuclei adjacent to a few normal colonic epithelial cells. B,C. 
Large clusters of colonic cancer cells with large prominent hyperchromatic nuclei. D. Oil 
immersion view of the nuclei of colonic cancer cells to show the coarse configuration of 
chromatin and prominent large nucleoli. 



THE DUODENUM, EXTRAHEPATIC BILE DUCTS, PANCREATIC DUCTS, AND 
GALLBLADDER* 

ANATOMY 

The duodenum is the first segment of small bowel, extending for about 25 cm from the pylorus 
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of the stomach around the head of the pancreas in a C-shaped loop to the duodenaljejunal 
flexure at the ligament of Treitz. It is divided into four segments, of which the second or 
descending segment is of special interest in cytology. It is here that the main bile and pancreatic 
ducts open into the duodenum through a small papilla located on the medial aspect of the 
duodenum. 

The right and left hepatic ducts emerge from the liver and unite in the hilum approximately 
1cm from the liver to form the common hepatic duct. The common hepatic duct varies in 
length from about 1 to 5 cm (average 2.0 cm), and is 0.2 to 0.8 cm in diameter, increasing in 
diameter with age (Thung and Garber, 1991). The cystic duct of the gallbladder joins the 
common hepatic duct to form the common bile duct which is about 5 cm in length and 1 mm 
in diameter, and extends from above the duodenum, behind it and through the head of the 
pancreas into the papilla in the duodenum. In two-thirds to three-fourths of cases, the main 
pancreatic duct (duct of Wirsung) joins with the common bile duct as it enters the wall of the 
duodenum and the papilla to form a dilated common channel or ampulla (ampulla of Vater) 
with a common opening into the duodenum (DiMagno et al, 1982). 

The pancreas lies in the retroperitoneum with the head of the pancreas embraced in the curve 
of the duodenum, the body lying behind the stomach and transverse colon and the tail 
extending to the hilum of the spleen (Fig. 24-39). The main pancreatic duct (duct of Wirsung) 
traverses the gland near its posterior surface, receiving branches from all sides, and joining 
with the common bile duct, or independent of it, enters the duodenal papilla. An accessory 
pancreatic duct (of Santorini) drains the upper part of the head of the pancreas and may join 
the main duct or enter the duodenum through a separate orifice. 

The gallbladder is a pear-shaped sac that lies under the right lower lobe of the liver, at its 
inferior edge. It measures 
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about 10 cm in length, varies from 3 to 4 cm in width and has a 1 to 2 mm thick wall. The distal 
end of the gallbladder tapers to an S-shaped neck that connects with the cystic duct. The cystic 
duct joins the common hepatic duct to form the common bile duct. As much as a liter of bile 
flows each day from the liver into the gallbladder where water is absorbed, concentrating the 
bile into a much smaller volume that can be stored within the 50 to 70 ml capacity of the 
gallbladder. When a fatty meal enters the duodenum, the gallbladder contracts, emptying bile 
into the duodenum. Figure 24-39 shows a diagrammatic representation of extrahepatic biliary 
ducts and their relationship with the duodenum and the pancreas. 
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Figure 24-36 Colonic adenocarcinoma in colonic brushings. A-C. Large clusters of 
cancer cells with prominent hyperchromatic nuclei and nucleoli, corresponding to the 
colonic biopsy shown in D. In A and B, the cancer cells have a columnar configuration, 
whereas in C, they are cuboidal in shape. (Photographs courtesy of Dr. June Koizumi, New 
York Hospital/Cornell Medical Center, New York.) 



HISTOLOGY 

Duodenum 

The villous mucosa of the duodenum undergoes gradual transition from pyloric antral epithelium 
to tall columnar absorptive epithelium of intestinal type with basal or suprabasal round or oval 
nuclei, eosinophilic cytoplasm and a deeply eosinophilic brush border at the free surface. There 
are interspersed goblet cells and occasional endocrine cells and Paneth cells. 

Extrahepatic Bile Ducts 

The extrahepatic bile ducts are lined by a single layer of mucin-secreting columnar epithelium 
with uniform, basally located oval nuclei. Nucleoli are inconspicuous or absent (Fig. 24-40A). In 
the absence of inflammation, there are few or no goblet cells. Afew mucus-secreting glands 
may be present in the wall of the duct. With inflammation or irritation, the mucosa may undergo 
hyperplasia with epithelial atypia, increased mitotic activity, gastric or intestinal metaplasia, or 
sometimes mucinous or squamous metaplasia. Within the terminal portion of the common bile 
duct, the epithelium forms slender, branching papillary fronds that yield richly cellular brush 
cytology specimens. 

Main Pancreatic Duct 

The epithelium of the main pancreatic duct is identical to that of the common bile duct, 
composed of a single layer of columnar epithelial cells with lightly eosinophilic cytoplasm, 
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basal nuclei and occasional interspersed goblet cells. There may be reactive mucous cell 
metaplasia or hyperplasia, and occasionally squamous metaplasia (Fig. 24-40B). 
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Figure 24-37 A and B: Poorly differentiated colonic carcinoma. A Asmear composed 
of small cancer cells with prominent nuclei and nucleoli and vacuolated cytoplasm 
corresponding to colloid carcinoma shown in B. C and D: An example of rectal 
adenocarcinoma. C. Very large columnar cancer cells corresponding to the biopsy shown 
in D. ( C,D : Photographs courtesy of Dr. June Koizumi, New York Hospital/Cornell Medical 
Center, New York.) 



Gallbladder 

The mucosa of the gallbladder is in branching folds lined by a single layer of tall columnar 
epithelium with pale eosinophilic cytoplasm and basal or suprabasal smoothly contoured oval 
nuclei with finely textured chromatin and inconspicuous nucleoli. 

INDICATIONS FOR CYTOLOGY 

In skilled hands, cytology may contribute significantly to the diagnosis of cancer of the 
extrahepatic biliary tract, the pancreas or the ampulla of Vater. Although there are published 
examples of presumed precancerous lesions and early invasive carcinomas diagnosed by 
cytology in symptomatic patients, there is no evidence that this technique is effective in cancer 
detection. 

Obstructive jaundice or subclinical evidence of bile duct obstruction (e.g., elevated 
serum bilirubin, alkaline phosphatase) is the single most important indication for endoscopic bile 
duct/pancreatic duct cytology. Intraoperative needle aspiration cytology of the gallbladder or 
imprint/aspiration cytology of the surgically resected gallbladder may have a role in detecting 
grossly inapparant carcinoma in patients known to be at risk (e.g., cholelithiasis; see below). 

METHODS OF INVESTIGATION 
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Older Sampling Techniques 
Cytologic examinations were first carried out on specimens of duodenal contents, and on 
direct collections of bile and pancreatic juice. We must recognize particularly the pioneering 
efforts of Raskin et al (1958, 1961) in urging the diagnosis of pancreatic and bile duct 
carcinomas by examination of exfoliated epithelial cells in aspirates of duodenal fluid. Elaborate 
methods of collecting duodenal contents were devised subsequently to improve specimen 
quality and diagnostic accuracy (Yamada et al, 1984). Except for carcinomas of the duodenal 
papilla or ampulla of Vater, however, these specimens usually contained very few poorly 
preserved tumor cells within a background of necrotic and inflammatory cellular debris. 

Although Dreiling et al (1960) and Goldstein and Ventzke (1968) claimed diagnostic successes 
in up to 75% of tumors, the duodenal aspirates generally have been disappointing. Even with 
improved sampling achieved by secretin stimulation of the pancreas (Asnaes and 
Johansen, 1970; Bourke et al, 1972; Yamada et al, 1984), they failed to gain wide acceptance. 
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Figure 24-38 Endocrine tumors of the intestine. AB. Low- and high-power view of 
endocrine tumorlets in a 12-year-old boy with Zollinger-Ellison syndrome. The tumorlets 
were present within the epithelium and thus could not be identified by cytology (see text). 
C,D. Malignant carcinoid of duodenum identified in brush smear shown in C and 
corresponding to the tissue biopsy shown in D. The lesion metastasized to the liver. 
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Figure 24-39 Diagrammatic representation of the relationship of extrahepatic 
biliary and pancreatic ducts, the duodenum, and the pancreas. 
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Wertlake and Del Guercio (1976) were, perhaps, the first to demonstrate the feasibility of 
cancer diagnosis on specimens of bile. Later studies by Cobb and Floyd (1985) and Ishikawa et 
al (1988) confirmed the diagnostic value of bile cytology. Cell preservation in bile obtained 
during surgical exploration of the biliary tree has been surprisingly good. 



Current Sampling Techniques 

Endoscopic Bile and Retrograde Brush Cytology 

This technique was made possible by recent advances in endoscopy and is now the most 
widely used and most effective method of cytologic sampling. With the introduction of 
endoscopic retrograde cannulation of the common bile duct (ERCB) through the ampulla of 
Vater, it became possible to obtain bile and brush specimens for cytologic examination prior to 
the introduction of contrast media for radiologic visualization of the duct system. Osnes et al 
(1975) are credited with introducing this important technique. Under direct endoscopic 
visualization, a specially designed brush is threaded into the orifice of the common 
bile duct (or pancreatic duct) at the ampulla of Vater, and then into the hepatic ducts 
and/or main pancreatic duct (Fig 24-41). When the brush is withdrawn, the adherent 
cellular material is quickly and evenly spread on one or more glass slides that are 
immersed immediately into a 50% alcohol fixative and sent to the laboratory. Alternatively, and 
preferred by us, the brush may be placed immediately in normal saline and delivered 
promptly to the laboratory for further processing (see Chap. 44). In skilled hands, the 
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endoscopic brushing procedure can be completed within 5 minutes. Bile obtained by 
endoscopic cannulation 
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as well as retrograde brush cytology can provide good sampling of well preserved cellular 
material from selected ducts or areas of interest. We found the brush specimens preferable to 
bile and consider brush samples the method of choice for cytologic evaluation of patients 
suspected of harboring carcinoma of the extrahepatic biliary or major pancreatic duct system. 
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Figure 24-40 Benign epithelia lining the biliary and pancreatic ducts. A Simple 
columnar epithelium of the extrahepatic biliary and pancreatic ducts. The cells are mucin- 
secreting with pale staining cytoplasm. They may have cilia. The ovoid nuclei lying in the 
basal third or half of the cell have delicate chromatin and usually inconspicuous nucleoli. B. 
With inflammation or irritation, the epithelium undergoes hyperplasia with crowding of cells, 
goblet cell metaplasia (seen here) and increased mucin secretion. 
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Figure 24-41 Diagrammatic representation of endoscopic retrograde cannulation of 
the common bile duct (CBD) through the ampulla of Vater. Illustrated here is a tumor 
of the head of the pancreas that has impinged on and obstructed the CBD as it passes 
through the pancreas. Brush specimens obtained during the process of opening and 
stenting the bile duct can provide definitive evidence of carcinoma and exclude 
inflammatory stricture as a cause of obstruction. (Reprinted from Van Dam J, Brugge WR. 
Endoscopy of the upper gastrointestincal tract. N Engl J Med 341: 1738-1748, 1999; with 
permission of publishers of the New England Journal of Medicine. ) 



Percutaneous Transhepatic Cytology 

When endoscopic retrograde cannulation is unsuccessful or not available, the duct system may 
be visualized radiographically by percutaneous injection of contrast material into dilated 
intrahepatic ducts, i.e., by percutaneous transhepatic cholangiography (PTC). Cytologic 
examinations can be carried out on bile obtained when this procedure is performed, or on 
subsequent bile drainage specimens. The sensitivity of this method is generally low, but Nilsson 
et al (1995) reported positive PTC samples in 4 of 8 patients with bile duct cancer. Cytologic 
examinations should be included routinely with percutaneous transhepatic 
cholangiography and may be diagnostic in some cases. 

T-Tube Bile Drainage 

Bile can also be a source of cytologic samples. Cressman (1977) reported the cytologic 
diagnosis of a common duct carcinoma on such a specimen and Muro et al (1983) reported 
positive cytologic diagnoses of carcinoma in 34 of 100 cases. Simsir et al (1997) found cancer 
cells present in the saline rinse of biliary stents from 6 of 8 patients with bile duct stenosis 
caused by cancer. 

In an interesting technical modification, Walker et al (1982) used the percutaneous transhepatic 
cholangiogram and the tip of a decompressing drainage catheter to locate the site of bile duct 
obstruction as a guide for percutaneous transhepatic fine needle aspiration. 

Endoscopic Ultrasound-Guided Trans mural Needle Aspiration Cytology 

The use of this technique is on the increase and we found it to be valuable in some cases 
(Brugge and Van Dam, 1999; Shin et al, 2002; Stanley, 2003) (Fig. 24-42). The cytologic 
sample is obtained via a special retractable needle introduced with ultrasound guidance 
during endoscopic retrograde cannulation of the common duct (Howell et al, 1992), and 
samples are processed according to the preference of the laboratory. Criteria for cytologic 
diagnosis are the same as brush cytology. The procedure is advocated in cases of 
sclerosing tumors, tumors or enlarged lymph nodes extrinsic to the ducts, and tumors 
beyond reach of the endoscopic brush. In expert hands, it has had good success without 
significant complications. Howell et al (1992) obtained positive endoscopic needle aspiration 
cytology with 100% specificity in 16 of 26 patients, including 10 of 19 with pancreatic 
carcinoma. Bentz et al (1998) reported 90% sensitivity and 100% specificity in 54 cases of 
periluminal lymph node aspirates, pancreatic tumors and hepatobiliary lesions. Eloubeidi et al 
(2003A) reported an accuracy of over 80% of small pancreatic carcinomas with only minor 
complications. The technique was successful in the diagnosis of a metastatic carcinoid tumor to 
celiac lymph nodes (Eloubeidi et al, 2003B). 
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Figure 24-42 Diagrammatic representation of transmural endoscopic fine needle 
aspiration of pancreatic tumor. If endoscopic brush sampling of the pancreatic duct is 
unsuccessful or if the tumor is beyond reach of the endoscopic brush, this provides an 
alternative means of sampling. (Reprinted from Van Dam J, Brugge WR. Endoscopy of the 
upper gastrointestincal tract. N Engl J Med 341: 1738-1748, 1999; with permission of 
publishers of the New England Journal of Medicine. ) 



Percutaneous fine needle aspiration (FNA) of liver and pancreas is described in Chapters 
38 and 39. 

CYTOLOGY OF DUODENAL ASPIRATES OR WASHINGS 

Normal Duodenum 

In the absence of disease, there are usually few epithelial cells in the duodenal aspirate. 
Cells arising from the duodenal mucosa cannot be clearly differentiated from those of 
pancreatic or bile duct origin, which are described and illustrated below. All occur singly or in 
clusters and have a columnar configuration with a striated or occasionally ciliated flat 
luminal surface. The cells are large and measure 20 to 30 pm in length. Nuclei are round, 
usually basally placed, and have delicate vesicular chromatin. They often have a small 
nucleolus. When seen on end in flat clusters, the cells are arranged in a honeycomb pattern 
with the nucleus centrally located within the cytoplasm. In single cells or cells in groups seen 
from the side, the cytoplasm is generally opaque or sometimes finely vacuolated and may be 
eosinophilic or cyanophilic. Goblet cells may be present singly or in clusters among the 
columnar cells. They are of approximately the same size as the columnar cells and have a 
basally placed nucleus with characteristic finely vacuolated supranuclear cytoplasm. In the 
absence of active disease, the epithelial cells are usually well preserved. The smears contain 
few macrophages or leukocytes. 
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Inflammatory Processes 

In the presence of active inflammation, most commonly peptic ulcer, duodenitis or 
pancreatitis, there is a marked 
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increase in the cellularity of the aspirate. Exfoliated epithelial cells are not well preserved. Most 
are small and rounded with granular or vacuolated cytoplasm and degenerated nuclei 
undergoing karyorrhexis or karyolysis and may resemble macrophages (Fig. 24-43). There are 
numerous stripped or “naked” nuclei, and often a large number of leukocytes and phagocytic 
macrophages. Orell and Ohlsen (1972) considered large numbers of stripped nuclei to be 
characteristic of chronic pancreatitis. Cheli et al (1974) described an increase in goblet cells 
in chronic duodenitis. 

Parasites and Other Microorganisms 

A number of microorganisms have been detected in the duodenal aspirate, including most 
commonly, the parasite Giardia lamblia (see Fig. 24-1 7A). Joste et al (1999) reported finding 
microsporidia spores in bile from a young man with AIDS and symptoms of cholangitis. The 
spores are tiny and would be extremely difficult to detect in an inflammatory specimen, even 
with the help of a silver stain. Papillo et al (1989) identified ova of the liver fluke clonorchis 
sinensis in bile from a patient with cholangiocarcinoma. Wee et al (1995) identified acid fast 
bacilli in T-tube drainage of bile from a patient with hepatobiliary tuberculous pseudotumor, and 
Kimura et al (1997) detected the fungus, trichosporon in bile. 

Malignant Tumors 

Duodenal aspirates or washings are a poor medium for diagnosis of tumors of the 
pancreaticobiliary region, particularly when compared with direct brushings, described below. 

The yield of tumor cells is small and their preservation is generally poor. Only in the rare 
carcinomas of the papilla of the ampulla of Vater is the yield of cancer cells better. The 
features of the cancer cells are the same as described below for direct brushings of the ducts. 




Figure 24-43 Exfoliated degenerating epithelial cells associated with duodenal 
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ulceration and inflammation. The cells are rounded with finely vacuolated cytoplasm and 
pyknotic or lysed nuclei, some resembling macrophages. Leukocytes and red blood cells 
are few here but are typically present and numerous. 



BRUSH CYTOLOGY OF EXTRAHEPATIC BILE AND PANCREATIC DUCTS 

Normal Ducts 

In the absence of disease, a technically satisfactory brush cytology specimen yields 
abundant benign ductal epithelium, much of which is in irregularly configured flat sheets of cells 
(Fig. 24-44A) that may be accompanied by granular crystals of yellow or green bilirubinate 
(Fig. 24-44B), cholesterol crystals or crystalline calcium carbonate. The epithelial cells are 
in coherent plaques or strips; seen on end, the cells comprising such plaques form a 
“honeycomb” pattern, not unlike the pattern of endocervical or gastric cells. A strip of 
epithelium seen from the side has much the same appearance as the columnar epithelium of 
bile duct in a histologic section (Fig. 24-44A). Single cells and loose clusters of a few cells are 
almost always present as well. Some crowding of benign cells caused by inadequate spread of 
the sample may occur. “Feathering” of cells is a brush-induced artifact (Fig. 24-44C) that 
should not be mistaken for cancer. 

The epithelial cells are columnar or cuboidal with generally pale-staining cytoplasm and a 
suprabasal spherical or ovoid nucleus with delicate chromatin and one or two tiny nucleoli. 

There may be occasional cytoplasmic vacuoles. There are also tissue fragments containing 
groups of small, spindly cells with darkly-stained elongated nuclei which are most likely stromal 
cells (Fig. 24-44D). In the absence of active inflammation, there are few inflammatory cells. 

In specimens of bile, there are fewer intact plaques of cells and, though sometimes cell 
preservation is suboptimal, it is adequate for diagnosis in most cases. Cellularity and cell 
preservation may be improved by saline irrigation of the duct at the time bile is collected 
(Nishimura et al, 1973). 

Atypical Ductal Epithelium 

Under a variety of circumstances, some known, such as stones or inflammation, and some 
unknown, clusters of ductal cells may show nuclear atypia in the form of isolated enlarged 
and hyperchromatic nuclei, some showing conspicuous but small nucleoli (Fig. 24-45). The 
clusters are generally orderly and flat, sometimes infiltrated by polymorphonuclear leukocytes 
(Fig. 24-45D) and are not accompanied by single clearly malignant cells. The 
interpretation of such atypical clusters may be very difficult, particularly in the presence of 
obstructive jaundice, as they may reflect changes at the periphery of a carcinoma. 

Acareful review of the clinical and roentgenologic data is indicated in such cases to rule out 
bile stones, an inflammatory process, or sometimes extrinsic pressure on the biliary tree. 

It has been our policy to report such findings in a conservative fashion, admitting the limitations 
of cytology in such cases and suggesting a careful follow-up of patients, with additional 
sampling. 

BILE DUCT CARCINOMA 

Carcinomas of the extrahepatic bile ducts are relatively uncommon. Edmondson (1967) found 
53 cases in a series of 
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56,000 autopsies (0.1%); 1,380 cases were recorded by the Surveillance, Epidemiology and 
End Results (SEER) program of the National Cancer Institute over a recent 10-year period in 
the United States, an estimated incidence of 0.54 cases per 100,000-population (Albores- 
Saavedra et al, 2000). Most carcinomas are no longer surgically resectable when diagnosed 
and survival is short. Yet these are potentially curable tumors if confined to the organ of origin 
and they are amenable to cytologic diagnosis by endoscopic brushing. In fact, short of surgical 
exploration, endoscopic brush cytology is the only effective means of early diagnosis and is, 
therefore, of particular interest to the gastroenterologist and cytopathologist. 




Figure 24-44 Brush cytology of normal biliary or pancreatic ductal epithelium. A 

The cells obtained by brushing an essentially normal biliary or pancreatic duct are in 
coherent, flat plaques seen “on end” or from the side. Nuclei are round if the cell is viewed 
on end and oval if seen from the side. Chromatin is finely textured. Nucleoli may be evident 
but, in the absence of inflammation, they are inconspicuous. B. Inspissated bile in a 
brushing from a partially obstructed common bile duct. The color may vary from golden- 
yellow to green. C. “Feathering” of ductal cells is a brush-induced artifact. D. Spindle 
stromal cells. 



Extrahepatic bile duct carcinomas occur in patients in their 60s and 70s, are very rare before 40 
years of age, and are somewhat more common in men than women. More than 90% of patients 
present with symptoms of biliary obstruction, e.g., jaundice and pruritus. However, tumors 
narrowing, but not obstructing, the common hepatic or bile duct (see below) or located in the 
hilum of the liver proximal to the common hepatic duct (Klatskin's tumor), may not cause 
jaundice. About one-third of the patients have a history of cholelithiasis and a surprising number 
have a history of prior biliary tract surgery. While there are many conditions that may cause 
biliary obstruction and jaundice, the most important differential diagnosis of bile duct carcinoma 
is inflammatory or traumatic stricture of bile ducts and primary sclerosing cholangitis (see 
below). 
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Histology 

Carcinomas of extrahepatic bile ducts may grow as polypoid intraluminal tumors but more 
commonly are nodular or constrictive and diffusely infiltrating the wall of the duct. Three 
quarters of all extrahepatic bile duct carcinomas are well to moderately differentiated 
adenocarcinomas (Fig. 24-46) and another 4% to 5% each are adenosquamous, papillary 
or undifferentiated carcinomas (see below). Small cell, mucinous and signet ring 
carcinomas each constitute less than 2% of the bile duct carcinomas. 

Brush Cytology 

Most carcinomas of the extrahepatic bile ducts are moderately well differentiated and cytologic 
features are similar to those of other ductal carcinomas. The most abundant 
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cell samples are obtained from the polypoid tumors. The tumor cells may be single but also 
form loosely structured groups that are piled up in three dimensional clusters or 
disordered flat sheets exhibiting architectural atypia (Fig. 24-47). They may also form 
small papillary clusters, cell-in-cell groups, or occasionally acinar structures (Fig. 24- 
47D). Cytologic atypia varies depending upon tumor grade. It is most marked in high-grade 
carcinomas (Fig. 24-48), and best demonstrated in the few single tumor cells that accompany 
the cell clusters. Whereas in well-differentiated carcinomas the tumor cells are either somewhat 
smaller or somewhat larger than normal, in high-grade tumors the tumor cells are three or four 
times larger than normal may be huge and include mono- or multinucleated giant cells. The cell 
size and nuclear pallor may increase still further if fixation is delayed even briefly (Fig. 24-48D). 




Figure 24-45 Inflammatory atypia in brushings of common bile duct. A. Brushing 
from Ampulla of Vater showing atypia in a patient with gallstones. Though nuclei are 
enlarged, the epithelial cells form coherent, flat sheets and clearly benign. Nuclear 
chromatin is delicate and nucleoli are visible but not prominent. B. Atypia is more marked in 
these cells from the same patient. The cells are swollen, with enlarged vesicular nuclei and 
abundant pale-staining mucinous cytoplasm, and could be considered suspicious. 

However, nuclear chromatin is delicate and nucleoli, though evident, are not conspicuous. 
C. Reactive epithelial changes in an 82-year-old man with obstructive jaundice. Note the 
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presence of bile pigment. D. ThinPrep, same case. There is crowding of cells, mild nuclear 
hyperchromasia and occasional nuclei with nucleoli. Leukocytes infiltrate the epithelium 
which retains coherence including well-oriented columnar epithelium at the periphery. 



Occasional tumor cells may exhibit cytoplasmic vacuolization and focal mucin secretion, but 
mucinous and signet cell carcinomas are uncommon and yield cells similar to those from 
other tumors of similar histology observed in other organs. 

The most important and most difficult diagnostic task is in the differential diagnosis of 
orderly, low-grade adenocarcinoma versus inflammatory or reactive epithelial atypia, 
discussed above. The columnar epithelial cells in these two conditions may be similar and 
nuclear abnormalities of well differentiated carcinomas may not be obvious. However, the tumor 
cells usually exhibit slight nuclear enlargement, often with irregular nuclear configuration and 
molding, increased nuclear/cytoplasmic ratio, coarse chromatin clumping and hyperchromasia 
with visible or even prominent nucleoli. One other important feature in our experience is the 3- 
dimensional loose aggregation and single cells of carcinoma compared with the flat 
plaques and fewer single cells of benign reactive atypias. Benign ductal epithelium is 
almost always present in the brushings and is useful for comparison with suspect cells. 

Admittedly, in some cases the distinction cannot be securely made and may require additional 
sampling. 

Bile 

Specimens of bile were studied by Nakajima et al (1994) who selected key criteria for diagnosis 
of carcinoma that 
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were similar to cell features described above, and included loss of honeycomb 
arrangement, enlarged nuclei, loss of polarity, bloody background and cell-in-cell 
grouping. In bile cytology obtained by transhepatic needle aspiration, the presence of 
mucicarmine positive droplets in the tumor cells strongly favors cholangiocarcinoma or 
metastatic adenocarcinoma over hepatoma. While immunocytochemistry may eventually prove 
of value, in our experience to date and that of others (Stewart and Burke, 2000), these markers 
are still of limited value (see below). 



1548/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



24 - The Gastrointestinal Tract 




Figure 24-46 Cholangiocarcinoma. A. Gross photograph showing carcinoma at the 
junction of the cystic duct with the common bile duct in a 54-year-old woman with 
obstructive jaundice. The cystic duct wall is thickened and mucosal folds obliterated. B. At 
low magnification, the ductal epithelium is replaced and the lumen narrowed by the tumor. 
C,D. At higher magnification, the carcinoma is moderately well differentiated, papillary and 
mucin-secreting. 



RARE TUMORS OF BILE DUCTS 

Granular cell tumors of the biliary ducts have been described (Coggins, 1952; Eisen et al, 
1991; Butler and Brown, 1998; te Boekhorst et al, 2000; Martin and Stulc, 2000). The cytology 
of these tumors is discussed in Chapters 20 and 29. A carcinoid tumor forming metastases 
was described by Eloubeidi et al (2003B). A similar case is illustrated in Figure 24-38. 

On rare occasions, squamous carcinoma or mixed adenosquamous carcinoma may arise 
in the bile duct and cytology samples then contain single or small groups of keratinized 
squamous cancer cells with coarsely textured, irregular, hyperchromatic nuclei and opaque 
eosinophilic or orangeophilic cytoplasm. Hughes and Niemann (1996) reported two cases of 
adenosquamous carcinoma diagnosed on brush cytology specimens. When unusual cytologic 
findings are encountered, one must always consider the possibility of metastatic carcinoma to 
the liver or adjacent hilar lymph nodes causing obstructive jaundice. Dusenberry (1997) 
reported a case of hepatoma causing bile duct stricture in which brushing cytology revealed 
endothelial cells surrounding clusters of malignant cells, a cytologic feature characteristic of 
well differentiated hepatoma (see Chap. 38). Other rare malignant tumors of the 
pancreaticobiliary system that deserve brief mention include malignant melanoma and 
sarcomas (embryonal rhabdomyosarcoma). They are very rare at this site and the cytology of 
these tumors at other sites is described elsewhere in this text. 



PANCREATIC DUCT CARCINOMAS 

Brush cytology of pancreatic duct carcinoma is the same as that of extrahepatic bile duct 
carcinoma (compare Figs. 24-47 and 24-48). In patients whose main pancreatic duct 
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is blocked by carcinoma of the head of the pancreas, it may be possible to cannulate the duct 
for brushings. If not, a good specimen can be obtained from the dilated distal duct by 
ultrasound-guided endoscopic transmural needle aspirate (Fig. 24-49). Occasionally, pancreatic 
duct brushings may result in an unusual diagnosis. Figure 24-50 shows an example of a rare 
clear cell carcinoma of pancreas identified in a brush specimen. 




Figure 24-47 Adenocarcinoma in brushing of common bile duct. A-C. Cells are 
enlarged, crowded, overlapping and disarranged with relatively large, coarsely textured, 
hyperchromatic nuclei. Nucleoli are visible, and may be prominent. Note the gland-like 
formation in C. D. ThinPrep from another case showing cells of adenocarcinoma. 



Excellent diagnostic results have been reported with the use of endoscopic ultrasound 
devices guided by thin needle aspiration biopsies (Shin et al, 2002; Eloubeidi et al, 2003A; 
Stanley, 2003). 

PRECANCEROUS LESIONS 

Single or multiple areas of carcinoma in situ (“high-grade dysplasia”) and lesser degrees 
of epithelial abnormality (“moderate or mild dysplasia”) are commonly present in the 
extrahepatic bile duct and pancreatic ducts adjacent to or distant from carcinoma. 

Albores-Saavedra and Henson (1986) found carcinoma in situ or dysplasia in mucosa adjacent 
to the invasive carcinoma in 6 of 61 cases. In small series of cases reported by others, 
precancerous changes accompanying carcinoma ranged from one-third (Davis et al, 1988) to 
45% (Laitio, 1983). Suzuki et al (1989) found carcinoma in situ in 5 of 12 cases. These 
precursor lesions may be responsible for the high rate of local recurrences following resection 
of localized tumor. They are characterized in histologic sections by cellular and nuclear 
abnormalities, hyperplasia and loss of the normal orderly arrangement of the epithelium in an 
otherwise intact mucosa (Fig. 24-51A.D). 

Brush Cytology 
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Criteria for identification of borderline or precancerous lesions of the main pancreatic and bile 
ducts are still speculative. They are presumed to be the source of suspicious, though not 
frankly malignant, cells that commonly accompany the cancer cells in a brush specimen. In 
several cases seen by us, there were fairly orderly strips or plaques of columnar or 
cuboidal epithelium with interspersed large, hyperchromatic nuclei (Fig. 24-51 B,C). In 
other cytology specimens, dislodged sheets of cells presumed to be from sites of carcinoma in 
situ have had overlapping, slightly enlarged but smoothly contoured nuclei with granular 
chromatin, minimal or no hyperchromasia and visible nucleoli. Distinguishing low level 
dysplasia from marked inflammatory atypia is difficult in the absence of clearly malignant cells. 

This level of cytologic abnormality warrants repeat examination, which has a high probability of 
yielding diagnostic cancer cells (see above and Fig. 24-45 for further comments on atypia of 
bile duct epithelium). 

P.905 




Figure 24-48 Carcinoma of common bile duct in a 77-year-old man. A An area of the 
tumor showing a focus of anaplastic adenocarcinoma next to a well-differentiated tumor. B. 
A cluster of disarranged, overlapping, predominantly columnar malignant cells with 
enlarged, hyperchromatic nuclei. C. Loosely dissociated cells of adenocarcinoma. D. 
Drying artifact in a brushing of common bile duct carcinoma. Cells are increased in size 
and pale staining with smudging of chromatin and loss of nuclear detail. ( B,C Diff-Quik, 
Dade Behring Inc., Deerfield, IL.) 
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Figure 24-49 Keratinizing squamous carcinoma of bile duct. A Histology. B. 
Endoscopic brush cytology. The cancer cells have densely eosinophilic cytoplasm and 
hyperchromatic nuclei, resembling squamous cancer cells of other sites. The presence of a 
few such cells among less differentiated malignant cells is sufficient for diagnosis and 
classification. 




Figure 24-50 An uncommon clear cell carcinoma of pancreas. A Gross appearance 
of the carcinoma arising in the head of the pancreas at the point of junction of the 
obstructed and dilated common bile with the main pancreatic duct. B. Histology of the clear 
cell carcinoma compared with normal pancreatic parenchyma. The tumor cells are large 
with abundant, pale-staining “clear” cytoplasm. C,D. Tumor cells with abundant pale and 
delicate cytoplasm and large, irregular hyperchromatic nuclei in a brush cytology specimen 
form primarily gland-like clusters. 



CYTOLOGY OF BILE OBTAINED BY PERCUTANEOUS TRANSHEPATIC 
ASPIRATES 

Bile obtained by percutaneous aspirations contains exfoliated and abraided clusters and single 
cells of bile duct and hepatic epithelium. Rupp et al (1990), using a device described by Portner 
and Koolpe (1982), successfully identified 31 of 38 carcinomas, including 21 of pancreatic, 6 of 
bile duct, 1 of ampullary, 1 of gallbladder origin, and 2 metastatic carcinomas. The specimens 
varied in cellularity and cellular composition, in degree of cellular preservation and in the 
presence of blood and inflammatory cells. Bile provides a harsh environment and cellular 
preservation of epithelium that is not freshly exfoliated may be suboptimal. The reader should 
be cautioned that, in the presence of chronic obstructive jaundice, the ductal epithelium of bile- 
filled, distended hepatic ducts and the surrounding hepatocytes may undergo reactive and 
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proliferative changes that mimic carcinoma. However, nuclear hyperchromasia and structural 
abnormalities of chromatin seldom approach the level of bile duct carcinoma as described 
above for brush specimens. 

ENDOSCOPIC TRANSMURAL NEEDLE ASPIRATION CYTOLOGY 

Cytologic criteria for diagnosis are the same as for percutaneous fine needle aspirates of 
adenocarcinoma (see Chaps. 38 and 39). The presence of cancer cells in a background of 
mucin is highly suggestive of an intraductal mucinous adenocarcinoma. 

VATERIAN TUMORS 

Tumors of the ampulla of Vater and/or the duodenal papilla are uncommon. They generally 
present with intermittent jaundice and fever, presumably due to tumor necrosis, and they mimic 
the symptoms of biliary calculus. Obstruction of bile and pancreatic ducts occurs early and 
duct dilatation often is evident before there is tumor mass. The tumors may be benign 
(ampullary adenomas) or malignant (ampullary carcinomas). 

P.907 




Figure 24-51 Carcinoma in situ of extrahepatic biliary duct. A Histology of carcinoma 
in situ which may be encountered adjacent to a villous adenoma (see text) or in association 
with invasive carcinoma. The brush cytology pattern in such cases cannot be differentiated 
from invasive carcinoma. B. Karyomegaly in cells with prominent chromocenters or small 
nucleoli in a plaque of otherwise benign, unremarkable epithelium. This may reflect focal 
neoplastic (dysplastic) cellular transformation and, in this case, was seen in the brushing 
from a patient with carcinoma. The observation is of unknown clinical significance. C. 
Another example of carcinoma in situ. Note the palisade-like arrangement of columnar 
cancer cells. D. Tissue lesion corresponding to C. Elsewhere the tumor was invasive. 



While villous adenomas of the ampulla are benign (Fig. 24-52A), they are considered to be 
precursors of adenocarcinoma (Rosenberg et al, 1986). Foci of carcinoma may be found 
within the larger adenomas (>12 mm), and co-existing adenoma is frequently found in 
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conjunction with, or at the margins of, adenocarcinoma (Kozuka, 1982; Yamaguchi, 1987; 

Qizilbash, 1990). Brush cytology findings of villous adenomas of the ampulla of Vater were 
described in four cases by Veronezi-Gurwell et al (1996). The distinguishing feature was the 
presence of elongated, slender columnar cells with elongated, basally placed nuclei, finely 
granular chromatin and one or more small nucleoli that were either single or formed small 
groups or sheets (Fig. 24-52B). There may be accompanying bile pigment. In our own 
experience, the exfoliated epithelial cells closely match normal ductal epithelial cells and we 
found no reliable cytologic criteria for diagnosis of villous adenoma. The epithelial cells in such 
cases appeared more rounded and somewhat less uniform than normal, though still columnar or 
cuboidal. The most useful diagnostic feature was a grouping of tumor cells into loose three 
dimensional aggregates rather than flat clusters. 

Ampullary carcinomas yield cells in brushing specimens similar to colonic carcinoma, though 
usually with less necrosis (see Figs. 24-36 and 24-37). An uncommon tumor that has been 
observed in the ampulla is a variant of islet cell tumor, a somatostatinoma, diagnosed by 
endoscopic fine needle aspiration cytology by Guo et al (2001). 

NONNEOPLASTIC OBSTRUCTIVE PROCESSES 

The most common nonneoplastic conditions obstructing the extrahepatic bile ducts are biliary 
calculi, bacterial cholangitis, late effects of a stent, and primary sclerosing cholangitis 
(PSC). Of these, PSC presents the cytopathologist with the most difficult and most 
important differential diagnosis for bile or pancreatic duct carcinoma. 

PRIMARY SCLEROSING CHOLANGITIS 

Primary sclerosing cholangitis is a chronic, progressive, cholestatic inflammatory disease of the 
biliary duct system, occurring mainly in men up to the age of 40. The clinical presentation with 
symptoms and signs of progressing obstructive 

P.908 

jaundice strongly suggest bile duct or pancreatic duct cancer, particularly in the absence of 
stones. Early in the disease, patients may be asymptomatic or have mild nonspecific symptoms 
and present with slight elevations of bilirubin or alkaline phosphatase, indicating bile duct 
obstruction. 




Figure 24-52 Villous adenoma of duodenum. A Histology. B. Cytology brushings 
showing elongated epithelial cells (see text). We have not encountered such cells in 
brushings from a villous adenoma but have seen them in brushing from villous mucosa 
accompanying carcinoma, as shown here. Note the bile pigment. 
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The etiology of PSC is unknown but is probably an autoimmune disease. ANCA (antineutrophil 
cytoplasmic antibodies) are found in most of these patients. PSC is frequently associated with 
idiopathic chronic inflammatory bowel disease, most commonly ulcerative colitis. 
Intrahepatic bile ducts are involved as well as the extrahepatic duct system and, in some cases, 
the gallbladder and pancreatic ducts are also involved. The most important complications of 
PSC are complete obstruction of the common bile duct, bile duct carcinoma which develops in 
5% to 10% of these patients, and liver failure late in the course of the disease. In a case seen 
by us, there was obstruction of the pancreatic duct leading to total atrophy of the exocrine 
pancreas, sparing the endocrine pancreas. Enns et al (2003) reported that endoscopic 
retrograde cholangiopancreatography (ERCP) may result in a clinical improvement and that 
bilirubin levels are an important variable in assessing the status of the patient. 

Histologically, the extrahepatic bile ducts exhibit chronic inflammation, fibrosis and stenosis, 
often with mucosal ulceration. 

The experience with cytologic sampling of bile ducts in PSC is limited. Brush cytology 
specimens from PSC show epithelial atypia with some crowding and overlapping of nuclei 
in sheets of cells, moderate nuclear enlargement and hyperchromasia, and small nucleoli 
(see Fig. 24-45). In some cases, these cytologic abnormalities may raise suspicion of 
carcinoma. Immunocytochemical stains for p53 and carcinoembryonic antigen (CEA) that 
are positive in carcinoma and negative or weak in PSC, have been proposed for differential 
diagnosis. We found them to be of limited value. The differential diagnosis is complicated even 
more because some of the patients with abnormal cytology were found to have flat or papillary 
“dyplasia,” or carcinoma in situ of the mucosa of the bile duct on careful histologic study 
(Ludwig et al, 1992). At autopsy of patients with PSC, the prevalence of carcinoma reaches 
42% (Rosen, et al, 1991). 

DIAGNOSTIC ACCURACY OF ERBC 

The sensitivity and specificity of cytologic diagnosis by endoscopic retrograde brush 
cytology (ERBC) is highly dependent on the location of the tumor (common bile duct or 
pancreatic duct), sampling and quality of specimen obtained by the endoscopist and, to a lesser 
extent, by tumor grade. Brush cytology or ultrasound-guided specimens, obtained by a skilled 
and experienced endoscopist, properly smeared, fixed and stained, can generally be diagnosed 
with a high degree of accuracy. 

In an early prospective study comparing bile cytology vs. bile duct brushing, Kurzawinski et al 
(1993) reported positive diagnoses of carcinoma in 69% of 46 patients by brushing and, in 26% 
of the same group, by bile cytology. There were no false-positive diagnoses and none of those 
with positive bile cytology had negative brushing cytology. 

In a more recent evaluation of bile duct brushing specimens from 131 patients who had biopsy 
documentation of carcinoma, Kocjan and Smith (1997) achieved sensitivity of 78% with 100% 
specificity. They reviewed an earlier series to which we have added reports summarizing 
sensitivity shown in Table 24-6. 

In an unpublished series from our own laboratory, Khalbuss and Hussain reviewed 276 bile duct 
cytology specimens from 187 patients with biliary stricture, of whom 19 had unequivocal 
evidence of a malignant tumor and 20 were suspicious. All positive cases were confirmed by 
surgery and pathology (9) or clinical course (10). Of the 20 suspicious cases, 13 had malignant 
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tumors (10 primary in the cholangiopancreatic system) and 2 patients had ampullary villous 
adenomas. Twelve of 148 patients (8%) with negative brushing cytology proved to have a 
malignant tumor in the cholangiopancreatic tree (6 bile duct carcinomas; 3 pancreatic 
carcinomas; 3 ampullary carcinomas). 

P.909 



TABLE 24-6 BILE DUCT BRUSHING SPECIMEN SENSITIVITY FROM PUBLISHED 

STUDIES* 



Cytologic 



Year 


Authors 


No. 


Cases Carcinoma 


Specimen 


Sensitivity 


Sensitivity Less Than 50% 


1985 


Cobb & 
Floyd 


18 


Bile duct 


Bile 


48% 


1990 


Rabinovitz 
et al 


37 


Bile duct 


Brushing 












1 st brush 


40% 










3rd brush 


82% 


1991 


Foutch et al 


17 


Bile duct 


Brushing 


33% 










Bile 


6% 


1991 


Desa et al 


24 


Bile duct 


Brushing 


40% 






80 


Bile duct 


Bile 


30% 


1994 


Ryan and 
Baldauf 


48 


Pancreaticobiliary 


Brushing 


42% 


1995 


Layfield et al 


36 


Pancreatic and 
bile ducts 


Brushing 


44% 


Sensitivity Greater Than 50% 








1977 


Harada et al 


66 


Bile duct 


Endoscopic 


83% 



aspirate 
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Ampulla 


Endoscopic 

aspirate 


100% 


1989 


Sawada et 
al 


72 


Pancreatic 


Brushing 


85% 


1990 


Rupp et al 


35 


Pancreatic and 
bile duct 


Brushing 


80% 


1990 


Scudera et 
al 


20 


Pancreatic and 
bile duct 


Brushing 


60% 


1990 


Venu et al 


53 


Pancreatic and 
bile duct 


Brushing 


70% 


1991 


Witte and 
Langer 


211 


Pancreatic and 
bile duct; and 
papilla 


Brushing 


59% 


1993 


Kurzawinski 
et al 


42 


Bile duct 


Bile only 


33% 






39 


Bile duct 


Bile & brushing 


69% 


1996 


de Peralta- 
Venturina et 
al 


55 


Pancreaticobiliary 


Brushing (68 
cases) and bile 
(8 cases) 


100% 


1997 


Kocjan and 
Smith 


131 


Bile duct 


Brushing 


78% 


1999 


Trent et al 


31 


Bile duct 


Brushing 


80% 



Specificity was 98%-100% in most series. 



Kocjan and Smith (1997) attributed false -negative results to four factors: 

■ Poor sampling on brushing or endoscopic needle aspiration. These authors suggested 
that pushing rather than pulling the brush gave better diagnostic results. 

■ Overlooking single malignant cells hidden in a background of inflammatory and necrotic 
cellular debris 

■ Poor recognition of precancerous lesions 

■ Cytologically bland low grade papillary and mucinous tumors 
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GALLBLADDER 

Indications for Cytology 

The purpose of cytologic sampling of the gallbladder is to rule out a primary malignant tumor. 

The prerequisite for sampling is an enlarged gallbladder, preferably palpable through the 
abdominal wall. Gallbladder enlargement may have many causes, such as acute or chronic 
cholecystitis or cholelithiasis, which usually cause clinical symptoms. Painless enlargement may 
be caused by a cancer of the head of the pancreas obstructing the common bile duct and 
causing retrograde bile stasis (Courvoisier's gallbladder). Primary gallbladder cancer causes 
symptoms only if associated with stones or in late stages of spread to adjacent organs. 

Techniques 

Cytologic examination of bile collected in the duodenum or from the common bile duct is of 
limited value in reference to the gallbladder (Akosa et al, 1995). The gallbladder is out of reach 
of retrograde endoscopic brushing. The most useful cytologic samples are obtained in thin 
needle aspirates of bile from the gallbladder, either under direct vision at laparotomy or 
laparascopy, or by ultrasound-guided percutaneous needle aspiration (Zagar et al, 1991). 

Ishikawa et al (1988) reported that cytologic sampling could be further improved by saline- 
irrigation at the time of collection. The experience with these techniques in the US is minimal. 

Imprint cytology of the gallbladder was recommended by Vallilengua et al (1995) for 
detection of dysplasia and occult carcinomas in cholecystectomy specimens of patients at risk. 

P.910 



Inflammatory Lesions 

The most common pathologic process involving the gallbladder is chronic cholecystitis, with or 
without lithiasis (gallstones). Microcrystalline material and cholesterol crystals may be 
present in the bile, usually in association with calculi (Sandmeier and Mihaescu, 2001). Most 
cases of acute and chronic cholecystitis are nonbacterial and an aspirate of the gallbladder 
contents reveals a suspension of calcium carbonate and/or cholesterol. 

Atype of chronic cholecystitis described as xanthogranulomatous cholecystitis (XGC) is 
characterized by a chronically inflamed, thickened gallbladder wall with the presence of many 
lipid-laden macrophages. 

The association of XGC with carcinoma of the gallbladder has been repeatedly noted 
(Goodman and Ishak, 1981; Benbow and Taylor, 1988; Lopez etal, 1991; Krishnani etal, 

2000 ). 

Cytology of Xanthogranulomatous Cholecystitis 

The cytologic diagnosis of XGC should be considered if a needle aspirate of bile from the 
gallbladder contains large foam macrophages with multinucleated giant cells. Hales and 
Miller (1987) first reported making this diagnosis by intraoperative fine needle aspirate in a case 
suspected grossly of carcinoma. Krishnani et al (2000) reported a series of 31 cases of 
xanthogranulomatous cholecystitis, 11 associated with gallbladder adenocarcinoma. 

Krishnani et al described the presence of benign epithelial cells resembling mesothelial 
cells in cohesive clusters as an important morphologic feature of XGC. Other findings, besides 
the foam cells and multinucleated giant cells, were pink granular background on May- 
Grunwald-Giemsa-stained smears. These authors also emphasized the problem with 



1558/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 24 - The Gastrointestinal Tract 

identification of coexisting carcinoma in some cases in the presence of epithelial atypia caused 
by XGC. 

Carcinoma 

Carcinoma of the gallbladder is a rare disease of older patients, accounting for fewer than 0.5% 
of all cancers in women and less than 0.2% of all cancers in men. The incidence is higher in 
native Americans and Hispanic Americans and there is a strong association with gallstones, 
which are found in more than 80% of cases. Carcinoma is a clinically unsuspected finding in 
about 2% of cholecystectomy specimens and is most frequent in patients with cholesterol 
gallstones. The tumors are mainly adenocarcinomas of varying degrees of differentiation, 
though mucoepidermoid and squamous carcinomas may occur. 

Das et al (1998) reported positive cytology in 48 of 82 cases of gallbladder carcinomas with a 
variety of clinical diagnoses. Sensitivity as high as 88% has been reported by others in a small 
series of cases (Akosa et al, 1995; Dodd et al, 1996) while 90% sensitivity was reported in a 
series of 36 cases by Krishnani et al (2000). In a study of 250 patients in whom 
cholecystectomy was performed for cholelithiasis or cholecystitis, Alonso de Ruiz et al (1982) 
found good correlation between histology and the cytology of aspirated bile from the 
resected gallbladder in 4 of 6 cases with carcinoma in situ and 7 of 7 cases with invasive 
carcinoma. There was poor correlation with epithelial hyperplasia and dysplasia. 

The features of adenocarcinoma of gallbladder in needle aspiration biopsy have been 
described by several observers. In the larger series of cases reported by Akosa et al (1995), 

Das et al (1998), and Krishnani et al (2000), the cytologic features were those of a classical 
adenocarcinoma with loosely structured clusters of cancer cells with irregular large nuclei and 
very prominent nucleoli. Das et al (1998) reported one case of mucoepidermoid 
carcinoma, five cases of squamous carcinoma and two cases of small cell carcinoma, all 
with classical features of these cancers as described elsewhere in this book (see Chap. 20). 

Benign Tumors 

Papillomas, adenomas, adenomyomas and granular cell tumors have been described in the 
gallbladder, but are very uncommon. In a series of 1605 cholecytectomies, Kozuka et al (1982) 
reported 79 invasive carcinomas compared with 18 adenomas, of which 7 had carcinoma in 
situ. To our knowledge, there are no reports of the cytologic diagnosis of gallbladder 
adenomas. 
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25 

Effusions in the Absence of Cancer 

ANATOMY AND HISTOLOGY OF THE PLEURAL, PERITONEAL, AND 
PERICARDIAL CAVITIES 

The organs contained within the body cavities are surrounded by a thin membrane, sometimes 
referred to as serous membrane, or serosa. The leaf of the membrane surrounding the 
organs is known as the visceral layer. The visceral layer extends to the outer walls of the 
body cavity where it forms the parietal layer. The visceral and the parietal layers are in 
continuity with each other and thus form a self-contained, closed cavity that is not in contact 
with the outside world. 

The three body cavities (the pleura, peritoneum, and pericardium) have a common embryologic 
origin in the mesenchymal embryonal layer. The pleura encloses the lungs; the 
peritoneum, the intestinal tract; and the pericardium, the heart (Fig. 25-1). The serous 
membranes are lined by the mesotheiium composed of a single layer of flat cells, 
supported by connective tissue, and an appropriate vascular and nervous apparatus (Fig. 25- 
2). Under favorable circumstances of perfect fixation and gentle processing, a brush border 
may be observed on the luminal surface of the mesothelial cells (Fig. 25-3). 

In the absence of disease, the parietal and the visceral layers of the mesotheiium are 
separated by a thin layer of lubricating fluid that facilitates the movements of the two 
membranes against each other. The flow of the lubricating fluid is regulated by mesothelial 
cells. 

Transmission electron microscopy of the mesotheiium reveals a continuous single layer of cells 
bound to each other by demosomes and gap junctions, with surface microvilli extending toward 
the body cavity (Policard et al, 1955; Odor, 1956; Felix, 1961; Cotran and Karnovsky, 1968; 

Efrati and Nir, 1976). Pinocytotic vesicles are numerous at both poles of the mesothelial cells 
(Fig. 25-4). Scanning electron microscopy confirmed that the mesothelial cells lining the surface 
are provided with short microvilli of equal length. The microvilli of normal mesothelial 
cells are too small to be visible in light microscopy. The presence of longer, visible 
microvilli on the surfaces of mesothelial cells usually indicates a disease process, as 
will be discussed in Chapter 26. 

ACCUMULATION OF FLUIDS (EFFUSIONS) IN BODY CAVITIES 

Under pathologic circumstances, the two leaflets of the serous membrane may be 
separated from each other either 
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because of the presence of air or fluids within the body cavity. The presence of air 
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constitutes, respectively, a pneumothorax, a pneumoperitoneum, ora 
pneumopericardium. 




From the point of view of diagnostic cytology, the accumulation of excess fluids in the body 
cavities is of capital significance. The mere presence of a fluid in any of the body cavities 
indicates a pathologic process. The presence of blood in one of the body cavities, usually 
caused by trauma or rupture of a viscus, results in a hemothorax, hemoperitoneum, or 
hemopericardium. These conditions are irrelevant in the context of this book. 
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Figure 25-2 Normal mesothelial lining of the pericardium. There is a single layer of 
flat cells on the surface of supporting connective tissue. 



The presence of fluid other than blood constitutes an effusion, which in the abdomen 
is called ascites. Although the usual purpose of cytologic investigation in such cases is to 
determine the presence or absence of tumors cells, many other conditions can also be 
identified. The fluids or effusions may be classified as transudates or exudates (Fig. 25-5). 

Transudates 

The transudates are clear, straw-colored fluids, characterized by a low specific gravity, often 
below 1.010, and low protein 
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content (usually below 3 g/100 ml). The accumulation of transudates within body cavities is 
caused by filtration of blood serum across the physically intact vascular wall either by 
reduced intravascular osmotic pressure, as in hypoproteinemia, or by increased 
filtration pressure, as in heart failure. 




Figure 25-3 Brush border, mesothelial cells (pericardial sac aspiration). (Oil 
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Figure 25-4 Electron micrograph of a mesothelial cell, rat peritoneum. Acytoplasmic 
process (CP) with a few microvilli may be noted. Such processes form much of the 
peritoneal covering. Note the comparatively large nucleus (N). Numerous pinocytotic 
vesicles ( arrows ) may be noted in the cytoplasm. L, lumen of peritoneal cavity, (x 17,000.) 



The cellular components of transudates are scanty and are limited to a few mesothelial 
cells and leukocytes. When the cytologic components of an effusion are more complex, 
the effusion is, in all likelihood, an exudate. 
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Figure 25-5 Diagrammatic representation of differences between a transudate and 
an exudate. 



Exudates 

The exudates result from an accumulation of fluid within the body cavities, associated with 
damage to the walls of the capillaries. The exudates are cloudy or opaque fluids of 
various colors. The presence of blood-tinged, reddish fluid is an important diagnostic 
sign that should be recorded because it may indicate the presence of a primary or 
metastatic tumor or tuberculosis. 

The exudates are characterized by a relatively high protein content (usually above 3 g/100 
ml) and, therefore, a high specific gravity (usually above 1.015). The exudates are rich in 
fibrin and may coagulate on standing and usually contain a variable, but often 
significant, population of cells that are the target of cytologic investigations. There are 
several causes of exudates: 

■ Inflammatory conditions that are usually, but not always, caused by infectious 
processes in the organ enclosed by the serous membrane 

■ Tumors that may be primary or metastatic 

■ Miscellaneous causes, discussed below 

Storey et al (1976) stated that cytologic examination and determination of protein levels 
were the most useful methods of assessment of pleural effusions: in the great majority of 
cancer patients, the effusions had protein levels of 3 g/100 ml or more. Protein values 
below 3 g/100 ml occurred mainly in patients with congestive heart failure, the principal 
cause of chronic effusions in the absence of cancer. 
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Avery rare form of abdominal effusion is chylous effusion caused by a rupture or 
obstruction of thoracic duct that carries whitish liquid lymph from abdominal lymph nodes 
to the heart. 

METHODS OF INVESTIGATION OF EFFUSIONS 

The customary methods of investigation of effusions are cytologic examination of the fluid 
and a biopsy of the pleura, pericardium, or peritoneum, sometimes supplemented by 
immunocytologic, biochemical, bacteriologic or cytogenetic investigation. Light (2002) 
discussed in detail the clinical and biochemical indications for thoracentesis and cytologic 
examination of pleural effusions. 

The technical details of processing fluid samples are discussed in Chapter 44. The cytologic 
examination is usually performed on smears of centrifuged sediment that may be prepared by 
manual methods or by some of the newer methods of processing of liquid samples. The smears 
may be either fixed immediately and stained by the Papanicolaou method or, as some 
observers prefer, air-dried, fixed in methanol, and stained by using one of the modifications 
of the May-Grunwald-Giemsa (MGG) stain. 

It is strongly advised to process the remainder of the specimen as a cell block which 
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can provide structural information and can be used for special stains or immunostaining. In a 
recent extensive review of the subject of immunocytochemistry in effusions, Gong et al (2003) 
noted that samples processed by the ThinPrep (Cytyc Corporation, Boxborough, MA) method 
were equivalent to cell blocks, except for markers of nuclear proliferation. Thus, in our 
judgment, there is no reason to abandon cell blocks as the least expensive and satisfactory 
target for ancillary studies. 

A number of biochemical methods has been used in the evaluation of effusions. Thus, the level 
of lactic dehydrogenase and other enzymes, several antigens such as human chorionic 
gonadotrophin (hCG), carcinoembryonic antigen (CEA), and CA-125 may be measured. The 
value of these procedures in diagnosis or in monitoring the effects of treatment is being 
debated. They sometimes supplement, but never replace, the cytologic examination. 

Many immunocytologic procedures may serve to identify and classify cancer cells in 

effusions (Coleman and Ormerod, 1984; Johnston, 1987; Bedrossian, 1994). The technical 
aspects of these procedures are discussed in Chapter 45. The subtyping of lymphocytes in 
effusions, either by immunochemistry or flow cytometry, is sometimes helpful in the assessment 
of lymphocyte populations in various conditions but is indispensable in subclassification of 
malignant lymphomas (see Chaps. 26 and 31 for further discussion). 

Cytogenetic analysis of cells in fluids may yield important data on the nature of the effusion, 
particularly in difficult diagnostic situations. There are two modes of cytogenetic analysis. 

The older method calls for examination and analysis of chromosomes in metaphases in 
cultured cells. Newer approaches utilize specific DNA probes to chromosomes, individual 
genes or targeted translocations by fluorescent in situ hybridization (FISH) method, applied to 
interphase nuclei. 

DNA ploidy analysis and molecular analysis of tumor cells by methods such as Southern 
blotting (discussed in Chap. 3) may also be applied to select populations of cells in effusions. 

The value of these procedures and of tissue biopsies in the diagnosis of effusions is discussed 
in this chapter and in Chapter 26. 

CELL POPULATIONS IN BENIGN EFFUSIONS 

Effusions as a Tissue Culture Medium 

The body fluids constitute an ideal natural tissue culture medium wherein desquamated 
cells, benign and malignant, may proliferate freely. The temperature, supply of nutrients, oxygen 
and carbon dioxide are provided by the body of the patient and regulated by much finer 
homeostatic mechanisms than is possible in vitro. The morphology of cells growing in tissue 
culture is often different from the cells of origin. This accounts for some of the problems of 
morphologic cell identification and diagnosis. Specifically, in actively growing tissue 
cultures, the differentiation of benign from malignant cells may prove to be difficult. 

Effusions also offer the benefit of study of cells and their interrelationships in a natural setting. 

Many of the established human cancer cell lines used for in vitro studies are derived from 
effusions, rather than from solid tissues. Apparently, the ability of these cells to proliferate in 
the effusion enhances the chances of successful growth in vitro. Thus, the study of effusions 
constitutes a precious scientific resource that has not been fully explored as yet. 

Principal Families of Benign Cells 

The principal cell types encountered in the absence of cancer are: mesothelial cells, 
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macrophages (histiocytes), blood cells, and miscellaneous other cells. These are 
described in the following pages. 



Mesothelial Cells 



Histology 

An effusion within the body cavities brings about separation of the two mesothelial layers. As a 
consequence, the flat mesothelial lining cells become cuboidal in shape. In the presence of 
an inflammatory process, and sometimes under other circumstances, the orderly 
arrangement of the mesothelial cells is disturbed. There may be extensive proliferation of 
mesothelium, both in thickness and in depth, with the formation of several layers of 
mesothelial cells, sinuses, and channels in continuity with the surface (Fig. 25-6). 
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A 





Figure 25-6 Proliferation of mesothelium in pleurisy. A Numerous channels lined by 
mesothelial cells. B. Focal surface proliferation of mesothelial cells. 



Cytology 

Aspirates and Scrapes. 

When mesothelial cells are scraped or aspirated by a needle from the surface of the 
pleural or abdominal cavity, they appear as sheets of polygonal cells, about 20 pm in 
diameter, that are usually separated from each other by clear gaps or “windows.” The 
cells have a delicate, yet sharply demarcated, cyanophilic or eosinophilic cytoplasm 
and round or oval nuclei. The nuclei, generally located in the center of the cell, are of 
even size, sharply demarcated, slightly granular, and contain one or two, centrally 
located, readily visible nucleoli (Fig. 25-7A.B). The presence of nucleoli corresponds to the 
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active metabolic status of these cells that normally produce and maintain the level of fluid 
lubricating the surfaces of the opposing mesothelial layers. Occasionally, a central fold 
(crease) may appear in the nucleus (Fig. 25-7C). 
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Figure 25-7 Benign mesothelial cells in sheets or clusters. A Asheet of mesothelial 
cells obtained during lung aspiration in a 64-year-old female. Note the gaps or “windows” 
among the cells. B. Asheet of mesothelial cells observed in an aspirate of the liver. Note 
the gaps or “windows” between cells. C. Direct scraping of pleural surface showing a sheet 
of mesothelial cells. Note nuclear folds or creases-a feature of unknown significance. D. 
Linear fragment of mesothelium observed in a cell block of pericardial fluid. 



The origin of these cells from the mesothelial surface is best documented in cell blocks that 
show the linear nature of the clusters cut “on edge” (Fig. 25-7D). 

Effusions. 

In effusions, the mesothelial cells desquamate from the surface of the lining of the body cavity 
and accumulate or even proliferate in the body fluids. Free-floating mesothelial cells in fluids 
appear singly, in doublets, or in clusters of variable sizes and configuration. 

Single mesothelial cells in body fluids are usually spherical or oval and measure between 
15 and 20 pm in diameter. The cyanophilic or faintly eosinophilic cytoplasm is sharply 
demarcated (Fig. 25-8A). Under higher magnification, two cytoplasmic zones can be 
recognized: a perinuclear, denser zone, and a peripheral, clear zone (Fig. 25-8B). The 
difference is caused by an accumulation of cell organelles in the perinuclear area. A 
characteristic feature of mesothelial cells in doublets or small linear clusters is the flattening of 
the opposite cell membranes with formation of a clear gap or “window” (Fig. 25-8B,C). 
The “windows” are most likely due to microvilli separating the cells. Indeed, Spriggs and Meek 
(1961) pointed out that free-floating mesothelial cells in effusions may show a narrow brush 
border that is best observed in air-dried, MGG-stained smears but may also be found in fixed 
smears and in electron microscopic preparations (see Fig. 25-3). In light microscopy, under high 
magnification, the mesothelial cells often show a very narrow clear zone surrounding the 
cell membrane, probably corresponding to the brush border, which is better visualized in air- 
dried smears. From time to time, mesothelial cells contain eosinophilic cytoplasmic 
inclusions, identical to those observed in urinary sediment and described in Chapter 22. Cell- 
in-cell arrangement of mesothelial cells may occur, although this is usually observed in cirrhosis 
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of the liver (see below). 



• > 




Figure 25-8 Mesothelial cells and macrophages in pleural fluid in the absence of 
cancer. A The mesothelial cells and the macrophages are cells of approximately equal 
size. The macrophages can be identified because of their phagocytic activity. B : C. Two 
mesothelial cells showing a “window.” Note the spherical nuclei and tiny nucleoli. Barr 
bodies are present (arrow). D. High magnification to show a mitotic figure in presumably 
normal mesothelial cells. 



The nuclei of free-floating mesothelial cells are relatively large and occupy about half of the 
cell diameter. The nucleus is usually centrally located within the cell. The morphologic 
characteristics of the nucleus are of great diagnostic importance. The nuclear membrane is 
prominent. The chromatin net is delicate and rather inconspicuous, with a few small, but 
sharply defined, chromocenters and occasionally one or two tiny nucleoli. Prominent 
nucleoli, which are a landmark in mesothelial cells in aspirated 
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samples, are rarely seen in free-floating, desquamated mesothelial cells. In female 
patients, a single Barr body (sex chromatin body) may be observed (Fig. 25-8B,C). 

Mesothelial Cell Clusters. 

Freely growing mesothelial cells in effusions may also form clusters of various configurations, 
composed of a variable number of cells (Fig. 25-9). Some of the clusters may be circular, linear, 
or have a rosette-like configuration (Fig. 25-9A). In single layer clusters, the “windows” 
separating the mesothelial cells from each other are readily observed. The clusters are readily 
recognized as benign, so long as the regular configuration of the component cells and their 
nuclei can be visualized. The outer edges of such clusters are usually composed of rows of 
cells showing smooth borders or “scalloping.” However, the identification of the clusters as 
mesothelial in origin becomes much more difficult if the clusters are multilayered, of spherical 
“papillary” configuration, or poorly fixed with resulting nuclear hyperchromasia (Fig. 25-9B-D). 
Particularly disturbing are very large spherical clusters that are, from time to time, observed 
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in chronic effusions, particularly in the pericardium (Fig. 25-9C). Spriggs and Jerome (1979) 
reported such a case and observed the presence of a central core of collagen. Recognizing 
such clusters as benign is very difficult because malignant tumors, particularly 
mesotheliomas, may form very similar clusters (see Chap. 26). The dilemma is usually solved 
by searching for additional clues in single cells that are almost always available in a cytologic 
preparation. In the absence of clear-cut malignant cells or pertinent clinical history, it is wise to 
report the papillary clusters with caution. 







Figure 25-9 Clusters of benign mesothelial cells. A Mesothelial cells forming a small 
sheet and a small gland-like structure. Note that the outer part of the cytoplasm is lighter 
than the inner part (high magnification). B. Large sheet of mesothelial cells from the buffy 
coat of an effusion. Note that, in the center of the cluster, the cells form a monolayer. C. An 
exceptionally large papillary cluster of mesothelial cells in pericardial fluid. The cells in the 
center of the cluster form a monolayer surrounded by cuboidal mesothelial cells on the 
outside (scalloping). Such clusters can be readily confused with a malignant tumor. D. An 
overstained smear of mesothelial cells with “windows” in unfixed pericardial fluid. This 
cluster can also be confused with a malignant tumor. 



Diagnostic problems may also occur if the effusion is not processed rapidly. Processing 
delays may cause the nuclei to stain intensely with hematoxylin (Fig. 25-9D) rendering 
their interpretation very difficult. In these situations, the similarity of nuclear sizes (and absence 
of clearly abnormal cells) are in favor of a benign process. 

Mitoses in Benign Effusions. 

There is no doubt that normal mitotic figures can be observed in benign mesothelial cells 
growing in effusions (see Fig. 25-8D). Still, mitotic activity in fluids calls for a very careful 
review of the material to rule out a primary or metastatic malignant tumor. As will be set forth 
in Chapter 26, in some cases, the inconspicuous tumor cells may resemble mesothelial cells. 

P.926 

The presence of abnormal mitoses has been reported in a very small number of patients in 
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the absence of cancer (Papanicolaou, 1954; Melamed, 1963). Because abnormal mitoses 
must be considered as a landmark of cancer, it is inevitable that in such extremely rare 
cases, an erroneous diagnosis will be rendered. 

Special Stains in Identification of Mesotheiiai Cells 
Conventional Stains 

The differentiation of mesotheiiai cells from morphologically similar cancer cells has 

been the subject of inquiry for many years. In 1959, Nathan Chandler Foot examined the 
specificity of the periodic acid-Schiff reagent (PAS) for the mesotheiiai cell. He found that the 
cytoplasm of most mesotheiiai cells contained PAS-positive granules concentrated at the 
periphery and representing, in all likelihood, neutral mucopolysaccharides. Although the 
cytoplasm of some cancer cells stained with PAS, the red color was diffuse and not confined 
to the granules. Mavrommatis (1964) generally confirmed the observations of Foot. However, 

Pfitzer (1966) denied any diagnostic value in the use of PAS technique. In my experience, the 
PAS method is rarely of diagnostic assistance in a critical morphologic situation. 

Of greater use are stains identifying mucin, such as mucicarmine. Mucicarmine-positive 
staining has never been observed in this laboratory in mesotheiiai cells whereas it is an 
excellent indicator of mucin-producing carcinomas. 

Antibodies 

Many attempts have been made to identify cancer cells in effusions with monoclonal antibodies. 

A monoclonal antibody recognizing mesotheiiai cells, developed by Singh, was used by us in 
the identification of a mesothelioma of the tunica vaginalis of the testis (Japko et al, 1982) but 
there is no evidence that this antibody became commercially available. Davidson et al (2001) 
observed that antibodies to desmin mark the mesotheiiai cells more intensely than cancer 
cells. Panels of antibodies used in the differential diagnosis of mesotheliomas from benign 
mesotheiiai cells or other tumors are discussed in Chapter 26 and Chapter 45. 

Macrophages (Histiocytes) 

The macrophages are of bone marrow origin and represent transformed monocytes. 

The proof of this origin is discussed in Chapter 19. In the past, it had been thought that the 
presence of macrophages in effusions reflected a chronic inflammatory process. Current 
evidence strongly suggests that macrophages are ubiquitous cells that can also be observed 
in the presence of cancer and under other circumstances as well. Using immunocytochemistry 
and flow cytometry with the marker CD14 to identify monocyte/macrophage cell populations in 
benign and malignant effusions, Risberg et al (2001) confirmed that these cells are present in 
virtually all effusions and often comprise a surprisingly high proportion of all cells, up to 85%. 

The presence of macrophages was somewhat higher in female than male patients but was 
unrelated to the presence or absence of cancer. The relationship of macrophages to cancer 
cells is discussed in Chapter 26. 

Studies based on scanning and transmission electron microscopy of fluids disclosed that many 
cells that have been hitherto classified as of mesotheiiai origin, particularly cells with 
large cytoplasmic vacuoles, belong to the family of macrophages (Domagala and 
Woyke, 1975; Murad, 1973; Domagala and Koss, 1977). The surface configuration of the two 
cell types in scanning electron microscopy discloses major differences. The mesotheiiai cells 
are characterized by the presence of regular short microvilli or a mixture of microvilli with 
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bleb-like surface structures, the latter characterizing older cells. The macrophages have a 
very characteristic surface configuration, wherein the cell membrane forms folds or ridges 
(Fig. 25-10). Although mesothelial cells contain some lysosomes (Cotran and Karnovsky, 1968), 
they do not possess the elaborate lysosomal apparatus characterizing the macrophages. 

In effusions, the number of macrophages is extremely variable, depending on the condition of 
the patient. In some infectious effusions, notably in Legionella micdadei infection, the 
macrophages may be the dominant cell population. 

The macrophages are usually seen as mono- or binucleated cells similar in size to 
mesothelial cells (15 to 20 pm in diameter). These cells usually occur singly or in loosely 
arranged groups and do not show cytoplasmic molding or “windows.” The macrophages 
are characterized by foamy cytoplasm, studded with minute vacuoles, or containing 
phagocytized particles, and a cell border that readily blends with the smear background, 
in contrast with the sharply demarcated mesothelial cells (see Fig. 25-8A; Fig. 25-11 A). 

The cytoplasm of the macrophages may become markedly distended with large, clear 
vacuoles (Fig. 25-1 IB). 

The position of the nuclei of mono- or binucleated macrophages is variable. In most 
macrophages, the nuclei are located in the peripheral portion of the cell and sometimes 
stain somewhat denser than the nuclei of mesothelial cells in the same field. Kidney-shaped, 
indented nuclei with finely granular chromatin, and sometimes tiny nucleoli, are 
common in macrophages and uncommon in mesothelial cells. In vacuolated 
macrophages, the nuclei are often compressed and pushed to the periphery (Fig. 25- 
1 1 C). However, the nuclear configuration or staining properties are of limited value in 
separating macrophages from mesothelial cells. 

Large multinucleated macrophages, either foreign body giant cells or Langhans' type 
cells, may occasionally be observed. Such cells are usually observed in fluids as a reaction to 
foreign material after a surgical intervention, in granulomatous inflammations, or after 
radiotherapy, presumably as a reaction to necrosis of cells (Fig. 25-11D). Ordonez et al (1998) 
reported that the so-called nodular mesothelial hyperplasia is composed of macrophages 
(see Chap. 26). Clusters of macrophages were described by Choi and Song (2001) in pleural 
fluid in a case of this rare disorder. 

Phagocytic activity and lysosomal activity are characteristic functions of 
macrophages. These features may be used to good advantage in the identification of these 
cells in light microscopy (see Fig. 25-8A; Fig. 25-11 A). Pigments, organic or inorganic 
particle or cell engulfment by macrophages, may be observed (see below). 

P.927 
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Figure 25-10 Pleural fluid. Scanning electron microscopy of two cells of approximately 
equal size (10 pm in diameter) and similar light microscopic configuration. Cell (A) shows a 
surface arrangement of folds and ridges, identifying it as a macrophage. Cell ( B ) shows 
short microvilli and blebs on its surface, identifying it as a mesothelial cell. (A * 5,500; B: * 
4,600.) (Courtesy of Dr. W. Domagala.) 




Figure 25-11 Various forms of macrophages in effusions. A Acluster of macrophages 
recognized because of phagocytosis of an unknown substance. Note the peripheral 
position of nuclei of these cells. B. Pure population of macrophages in pleural fluid of an 
83-year-old woman with pneumonia. C. A vacuolated macrophage under high magnification 
showing the signet ring appearance of these cells with small nuclei. D. Macrophages 
forming multinucleated giant cells in ascitic fluid following a surgical intervention. 
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Stains for enzymes, such as acid phosphatase or esterases, may document the intense 
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lysosomal activity in macrophages. None of these functions is normally observed in 
mesothelial cells but there are rare exceptions, when mesothelial cells acquire 
phagocytic properties. In such cases, the distinction between macrophages and mesothelial 
cells is impossible in light microscopy. In unfixed smears from fresh effusion, the 
macrophages may be identified by supravital staining with neutral red or Janus green which is 
absorbed by macrophages (and some leukocytes) but not by mesothelial cells (Foot and 
Holmquist, 1958). Identification of macrophages in effusions with the specific cell surface 
marker CD14 was reported by Risberg et al (2001). 

Blood Cells 
Erythrocytes 

The presence of intact red blood cells in body fluids is usually caused by a traumatic tap. In 
hemorrhagic effusions, fresh and degenerated erythrocytes are usually seen against a 
background of fibrin. Sickle cell anemia may be identified in fluids in the form of sickle- 
shaped erythrocytes (Dekker et al, 1975). 

Erythrophagocytosis 

Ingestion of the patient's own erythrocytes by macrophages in pleural or ascitic fluids 

may be occasionally observed, for example, in dialysis ascites (see below). Several other 
examples have been observed by us under a variety of circumstances (Fig. 25-1 2A; see Fig. 

25-22A). It is not known whether the erythrocyte surface has to be modified for these cells to be 
phagocytosed. Erythrophagocytosis has been observed in a rare disorder defect of lysosomes 
occurring in macrophages, known as the Chediak-Higashi syndrome (Valenzuela et al, 1976) 
and may be observed in some forms of malignant lymphoma (see Chap. 26). Zaharopoulos 
(2001) observed erythrophagocytosis in pleural fluid from a patient with autoimmune 
hemolytic anemia, induced by Epstein-Barr virus. 

Leukocytes 

Lymphocytes. 

Leukocytes in effusions are extremely common. In chronic effusions of long-standing, 
lymphocytes may be the dominant population of leukocytes (Fig. 25-12B). If the 
lymphocytes are numerous and, especially if no other leukocytes are present, the possibility of 
a chylous effusion caused by a rupture of the thoracic duct, tuberculosis, chronic 
lymphocytic leukemia, or well-differentiated malignant lymphoma should be 
investigated. Typing and enumeration of B and T lymphocytes and their subtypes may 
be of diagnostic value. The implications of this observation in reference to cancer in effusions 
is discussed in Chapter 26. 

Granulocytes. 

Polymorphonuclear neutrophilic leukocytes (polys) invariably indicate an inflammatory 
process, which may be secondary to infection, cancer or other disorders. Eosinophilic 
leukocytes may be seen in eosinophilic pleural effusions (see below) and in a variety of 
inflammatory processes. They are not uncommon in tuberculosis and are rarely seen in 
Hodgkin's disease. 
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Plasma Cells. 

Plasma cells may be noted in chronic inflammatory processes in multiple myeloma and in 
Hodgkin's disease (see Chap. 26). 

Megakaryocytes 

Calle (1968) was the first to observe these cells in the abdominal fluid of a female patient with 
myeloid metaplasia. Extramedullary hematopoesis appears to be the common 
denominator of cases reported by others (Vilaseca et al, 1981 ; Pedio et al, 1985; Silverman, 

1985). Barziotas and Naylor (1986) observed megakaryocytes in a bloody pleural effusion in a 

patient with overdose of an anticoagulant (Fig. 25-12C). 

Abnormal megakaryocytes may signal a serious hematopoietic disorder (see Chap. 26). 

Other Hematopoietic Cells 

Busmanis et al (1998) reported the presence of a broad spectrum of hematopoietic cells, 
mimicking leukemia, in the pleural fluid in a patient receiving granulocyte-stimulating 
factor after chemotherapy. 

Other Benign Cells Encountered in Effusions 
Anitschkow's Cells 

Cells similar to Anitschkow's myocytes, that have a very characteristic central bar of 
chromatin, from which radiate numerous short lateral processes (caterpillar nuclei), 

have been noted in a rare case of effusion of long standing and of unknown etiology (see Fig. 

25-7C). Molina and Schnadig (2001) observed such cells in six of fourteen pericardial scrapings 
and concluded that these are modified mesothelial cells. Similar cells may be observed in 
oral and conjunctival squamous cells (see Chaps. 21 and 41). 

Liver Cells 

Liver cells, singly or in sheets, may be observed if this organ is penetrated accidentally while 
fluids are aspirated from the right pleural cavity (Fig. 25-1 2D, E). The identification is quite 
easy because of the large size of the cells and their abundant, faintly vacuolated 
cytoplasm surrounding large single or double nuclei. The identity of the cells may be 
confirmed in cell blocks. Tiny, green-staining intracytoplasmic bile deposits may be 
observed in fresh preparations. In older preparations, the bile forms green or yellow amorphous 
masses. 

Cells Derived From the Respiratory Tract 

Readily recognizable ciliated bronchial cells and dust-containing macrophages in pleural 
fluid are the result of injury to lung tissue during tapping, and may suggest a 
bronchopleural fistula or, exceptionally, a mediastinal teratoma with elements of the 
respiratory tract. 

P.929 
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Figure 25-12 Erythrophagocytosis, benign lymphocytes, megakaryocytes, and 
liver cells. A Erythrophagocytosis. High magnification to show phagocytosed red blood 
cells within the cytoplasm of macrophages. B. A large population of benign lymphocytes in 
pleural fluid in a case of pulmonary tuberculosis. C. Two megakaryocytes in pleural fluid. 
The lobulated nuclei are clearly shown. D,E. Hepatocytes obtained during aspiration of 
pleural fluid from the right pleural cavity (smear and cell block). The liver cells were 
aspirated inadvertently across the diaphragm. 



Squamous Cells 

Benign squamous cells derived from the epidermis of the skin are very rarely seen in effusions. 
In general, the presence of squamous cells in effusions, regardless of their morphology, 
suggests a squamous carcinoma (see Chap. 26). In a case described by Cobb et al (1985), 
benign squamous cells, anucleated squames, and hair shafts were observed in pleural fluid 
from a boy with ruptured benign cystic teratoma (dermoid cyst) of the anterior 
mediastinum. 

Fat Cells and Striated Muscle 

These cells, originating in subcutaneous fat and muscle, may be noted occasionally. They are 
incidental to tapping. 

Pigments 

Hemosiderin 
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Cytoplasmic hemosiderin deposits in the form of fine granular golden-brown pigment are 
found in macrophages in effusions in chronic hemorrhagic pleurisy or pericardial effusion. 

The large hemosiderin deposits may obscure the nuclei of macrophages and may mimic 
melanin accumulation and lead to a mistaken diagnosis of a malignant melanoma. 

Hemosiderin stains green with iron stains which can be used for identification of this pigment 
(see Chap. 19). 

Melanin 

Melanin may be observed in macrophages as a diffuse or finely granular brown 
cytoplasmic stain in the presence 

P.930 

of metastatic malignant melanoma. Allen et al (1997) observed melanin accumulation in 
macrophages in a pleural effusion in a patient with melanosis coli, a benign condition in 
which melanin accumulates in the epithelial cells of the colon. Melanin can be identified with a 
number of monoclonal antibodies such as HMB45 and MART-1 (Beaty et al, 1997) (see also 
Chap. 26). 

Bile Pigment 

This pigment, recognized by its natural green color, can be observed in the cytoplasm of 
macrophages in the presence of metastatic, bile-producing hepatocellular carcinoma. Bile 
in ascitic fluid in a case of gall bladder rupture was reported by Argyres et al (1998). 

Crystals and Other inorganic Components 
Charcot-Leyden Crystals 

These spindle-shaped crystals are derived from eosinophils and may occur in 
eosinophilic pleural effusions (Fig. 25-1 3A). Krishnan et al (1983) observed Charcot-Leyden 
crystals in pleural fluid rich in eosinophils in a young patient with a benign cystic teratoma. 

Naylor and Novak (1985) observed the crystals in eight patients with eosinophilic pleural 
effusion, two of which were “idiopathic” and six associated with other disorders (for description 
of eosinophilic pleural effusion, see below). 
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Figure 25-13 Crystals and other inorganic structures in effusions. A Spindle-shaped 
Charcot's crystals ( arrows ) in a case of eosinophilic pleural effusion. B. Hematoidin 
crystals (oil immersion). C,D. Liesegang's rings in ascitic fluid in a patient with breast 
cancer. Note the striated outer ring surrounding a homogeneous center. (B: Photo courtesy 
of Dr. Zacharopoulous, Galveston, TX.) 



Hemoglobin and Hematoidin Crystals 

Both types of crystals may occur in hemorrhagic fluids of long standing, derived from various 
sources, including bloody effusions. Hemoglobin crystals, resulting from polymorization of 
hemoglobin, phagocytized by polymorphonuclear leukocytes in pleural and cerebrospinal 
fluid, were reported by Zaharopoulos and Wong (1997). These crystals are small and vary in 
shape and size. Hematoidin crystals are much larger and represent a stage of bile formation 
from hemoglobin. Again, they may be of various shapes, most in the form of freefloating 
spherical cockleburs filled with crystals or filaments (Fig. 25-1 3B) (Zacharopoulos et al, 1985). 

Immunoglobulin Crystals 

Martin et al (1987) observed spindle-shaped crystalline inclusions in macrophages and 
extracellular crystals in ascitic fluid from a patient with cryoglobulinemia. The authors 
postulated that the crystals (confirmed by electron microscopy) represented crystallized 
immunoglobulin in a patient with plasma cell dyscrasia. 

Cholesterol Crystals 

These characteristic flat crystals with broken edges may be observed in chronic effusions of 
long duration. Naylor (1990B) reported such crystals in effusions in rheumatoid arthritis. 

P.931 



Oxalate Crystals 

Such crystals were observed in pleural fluid by Reyes et al (1979) in a case of aspergillosis. It 
has since been documented that the presence of these crystals, described in detail in 
Chapter 19, is diagnostic of aspergillosis. 

Lamellar Inclusions 

Zaharopoulos and colleagues (1998) reported the presence of membranous lamellar 
inclusions of unknown derivation or significance, rendering the macrophages similar to 
Gaucher's cells. 

Liesegang's Rings 

Liesegang's rings are approximately spherical eosinophilic structures with an amorphous 
core and a well-defined striated outer ring (Fig. 25-13C,D). The structures represent most 
likely a precipitate of a supersaturated solution (Hedges, 1932; Raso et al, 1998). The rings 
have been observed in various cyst fluids, mainly from the kidney and breast (Sneige et al, 
1988; Katz and Ehya, 1990; Raso et al, 1998; Pavot et al, 2001). In renal samples, they may 
resemble a giant kidney worm, Dioctophyma renale (Tuur et al, 1987). We observed these 
structures in ascitic fluid. 
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Curschmann's Spirals 

Curschmann's spirals are commonly observed in sputum as protein casts derived from 
bronchioles (see Chapter 19). Similar structures have now been observed in effusions. Wahl 
(1986) observed these structures in nine peritoneal washings, two pleural fluids, and in a 
peritoneal dialysis fluid. Wahl hypothesized that the spirals were possibly of connective tissue 
origin. Dr. Bernard Naylor (personal communication, 1989) confirmed Wahl's observation in 
three pleural and two peritoneal fluids. In two of the cases, Curschmann's spirals were 
associated with mucus-producing adenocarcinoma, in one patient with pseudomyxoma 
peritonei, and in two patients with inflammation. The spirals are very similar to those seen 
in the respiratory tract (see Chap. 19), except for their smaller size (Fig. 25-14). Naylor 
(1990A) suggested that some of the spirals could be the product of mucus-producing 
cancer cells and, in inflammatory processes, be derived from connective tissue mucins. 




Figure 25-14 Curschmann's spiral in pleural fluid. (From Naylor B. Curschmann's 
spirals in peritoneal effusions. Acta Cytol 34: 474-478, 1990.) 



“Collagen Balls” 

These small hyaline structures, surrounded by mesothelial cells, are much more common in 
pelvic washings than in effusions (Wojcik and Naylor, 1992). For description and illustration of 
these structures, see Chapter 16. 

GENERAL GUIDELINES IN THE INTERPRETATION OF EFFUSIONS 

Clinical Data and Techniques of Preparation 

The clinical history is of paramount importance in evaluating fluid specimens of a difficult 
nature. If the clinical data do not support it, the diagnosis of cancer should be made 
only on secure, irrefutable evidence. A patient with an erroneous diagnosis of metastatic 
carcinoma to a body cavity may be deprived of effective treatment for a treatable disease. Most 
diagnostic errors are made on technically inadequate material, such as thick, overstained 
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smears, poorly prepared and stained filter preparations, and inadequate evidence in cell blocks. 

It must be pointed out that the packaging of centrifuged material in paraffin for cell block 
preparation may create artifacts, such as clustering of cells, which may be misleading. In 
general, well-fixed and well-prepared material that is not subjected to excessive handling in 
the laboratory is easier to interpret and lends itself less to an erroneous diagnosis. 

Effusions of Long Standing 

Regardless of cause, effusions of long standing are often characterized by an accumulation of 
poorly preserved mesothelial cells and macrophages that cannot always be accurately 
identified and may be numerous. This is particularly important in the first tap, which may 
yield large, blown-up mesothelial cells with enlarged, hyperchromatic nuclei (see Fig. 

25-9D). It is likely that such mesothelial cells are old or dead, and that their enlargement is due 
to the loss of selective permeability of the cellular membrane. Occasionally, the diagnostic 
dilemmas are solved on the second tap, which will display the morphology of the cells in fluids 
to a better advantage. 

Fluids With Inflammatory Reaction 

As a rule of thumb, the association of cancer cells with a severe inflammatory reaction 
in an effusion is uncommon; this usually indicates the presence of an inflammatory process 
or, in extreme cases, a perforation of a viscous by a malignant process that results in a critical 
clinical situation. On the other hand, inflammatory processes such as tuberculosis may 
persist for a considerable time. In such fluids, abnormalities of mesothelial cells are 
common (see below). Thus, in the presence of massive evidence of an 
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inflammatory process, it is advisable to interpret the material with caution. 

Avoidance of Errors 

General diagnostic guidelines that help to avoid diagnostic mistakes, and especially the 
erroneous diagnosis of cancer, can be summarized as follows: 

■ An accurate clinical history must be obtained. 

■ Protein determination should be performed. If the protein is less than 3 g/100 ml, the 
presence of cancer is much less likely than if protein is above 3 g/100 ml. 

Cytologic diagnosis of cancer should be avoided if: 

■ The morphology of cells is not optimal. 

■ The cells and nuclear sizes are monotonous and within upper limits of normal (25 pm 
in diameter for cells and 10 pm for nuclei), and the nucleocytoplasmic ratio is within 
normal limits. 

■ There are no structural nuclear abnormalities. 

■ There is evidence of an acute or chronic inflammatory process. 

SPECIFIC NONMALIGNANT DISEASES ASSOCIATED WITH EFFUSIONS 

General and Circulatory Disorders 
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Hypoproteinemia 

Low protein levels in the blood may cause accumulation of fluids in all three body 
cavities and generalized edema (anasarca). The causes are various and comprise 
inadequate nutrition and various renal diseases. Fluids that may occasionally be submitted for 
cytologic examination are classic transudates, with a low protein level and low cell content that 
are not likely to cause any diagnostic dilemmas. 

Congestive Heart Failure 

Congestive heart failure is perhaps the most common cause of chronic pleural effusion 
not caused by cancer. An accumulation of pericardial and ascitic fluid may also occur. 
Although it is frequently stated that the right pleural cavity is more commonly affected, in my 
experience, the distribution of effusions is about equilateral. The fluids often are classic 
transudates with a low protein content and scant cellularity that rarely cause any particular 
diagnostic dilemma. 

In heart failure associated with inflammatory changes, such as observed in rheumatic 
heart disease or secondary pneumonia, the effusions contain numerous 
polymorphonuclear leukocytes, poorly preserved macrophages and mesothelial cells in 
sheets or clusters. The reader is referred to the general discussion above for the guidelines in 
the diagnostic interpretation of this type of material. 

Pulmonary infarcts 

Embolization of pulmonary arteries need not necessarily be associated with pulmonary infarcts 
if lung function is otherwise normal. Acute infarction does not usually result in an immediate 
effusion but, as the infarct becomes organized, a marked pleural reaction may result in a 
chronic pleural effusion, which may be tapped for relief of the patient or for diagnostic study. 

It is evident from Figure 25-15 that in such fluids, proliferation of mesothelial cells may be 
exuberant and may cause major diagnostic problems if large sheets and clusters of 
mesothelial cells are present (see Fig. 25-9). 

Infectious Processes 
Acute Inflammatory Processes 

Acute pneumonia, lung abscess, acute pleurisy, pericarditis, peritonitis, and 
postsurgical states are frequently associated with accumulation of fluid in one or more of the 
body cavities. Such fluids rarely present a diagnostic dilemma because they are composed of 
purulent exudate, containing numerous polymorphonuclear leukocytes and necrotic 
material. As has been mentioned above, it is not prudent to make a diagnosis of cancer under 
these circumstances except in the presence of overwhelming evidence. 

Legionnaires ' Disease 

In this disorder, the cell content of pleural effusions is dominated by macrophages that may 
contain the causative organism Legionella micdadei (see below). 

Viral Pneumonias 

Pleural effusions complicating viral pneumonias usually contain a mixture of lymphocytes and 
macrophages. 
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Chronic Inflammatory Processes 

Chronic pneumonia, pericarditis, and peritonitis of various causes may also result in 
accumulation of fluid in body cavities. The cytologic interpretation of this material may lead to 
some of the principal diagnostic difficulties outlined above. The classic example of such 
difficulties is tuberculosis. 




Figure 25-15 Proliferation of mesothelium in pulmonary infarct. Note the multiple 
layers of mesothelial cells and some nuclear atypia. (H&E.) 



Tuberculosis 

Pleural effusions in pulmonary tuberculosis, wherein the pleura is not directly involved, 

are characterized by predominance of lymphocytes, an observation confirmed by logistic 
regression analysis by Ellison et al (1998) (see Fig. 25-1 2B). Few macrophages or mesothelial 
cells are present. The differential diagnosis comprises leukemias and malignant 
lymphomas (see Chap. 26), viral pneumonia, and very rarely traumatic chylous effusion. 

Direct involvement of the body cavities by the tuberculous process (tuberculous 
pleurisy, pericarditis, and peritonitis) may result in a major diagnostic dilemma because of a 
marked proliferation of mesothelial cells in sheets and clusters, many of which may 
assume spherical (papillary) configuration, features commonly observed in malignant 
mesothelioma and in metastatic cancer (see Chap. 26). Further, the nuclei of the 
mesothelial cells in such clusters may contain visible, although not necessarily large, 
nucleoli (Fig. 25-16). The presence of marked inflammation and necrosis in smear background 
and clinical history may prevent the erroneous diagnosis of cancer by an alert observer. 

In general, the specific diagnosis of tuberculosis cannot be made on the basis of fluid 
cytology, but can be suspected if granulomas are identified. The Langhans' type giant 
cells are not specific for tuberculosis and may represent a variety of other inflammatory or 
reactive processes (see Fig. 25-1 ID). Granulomas may be observed on pleural or 
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peritoneal biopsies which should be a part of proper work-up of patients. While direct 
microbiologic studies of fluids are usually of limited yield (Storey et al, 1976), the diagnosis 
must be confirmed by culture. 

Syphilis 

Zacharopoulos and Wong (1997) reported a rare case of syphilitic pneumonia and pleuritis in 
an HIV-1 positive, but not immunodeficient male patient. The disease was diagnosed on a skin 
biopsy showing granulomatous inflammation and confirmed by identification of spirocheta 
pallida, the causative agent. Pleural fluid contained lymphocytes and macrophages, 
some with foamy cytoplasm. The spirochetes could be identified in pleural fluid in the May- 
Grunwald-Giemsa and Steiner silver stains. 

Identification of Specific Microorganisms in Effusions 
Legionella micdadei 

The causative agent of Legionnaires' disease can be identified in bronchial washings and 
pleural fluid. The organism is described in Chapter 19. 
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Figure 25-16 Ascitic fluid in a case of peritoneal tuberculosis. AB. Proliferation of 
mesothelial cells, forming papillary clusters and mimicking metastatic carcinoma. C. 
Peritoneal biopsy containing granulomas. (Courtesy of Dr. Lucy Feiner.) 



Pneumocystis carinii 

The presence of this microorganism in pleural fluid in patients with AIDS was reported by 
several observers (Balachandran et al, 1990; Elwood et al, 1991; Abati et al, 1992; Delfs-Jegge 
et al, 1994). The organism was described in 
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detail in Chapter 19. In a personal case, we noted that erythrocytes in effusions may stain 
with Grocott silver stain and thus mimic Pneumocystis. 



Fungi 

Histopiasma capsuiatum pericarditis was described by Kaplan and Sherwood (1963). 
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Cryptococcosis in a patient with AIDS was described by Katz et al (1989). 

Viruses 

Cytomegalovirus (CMV) inclusions were observed in pleural fluid in a patient with AIDS by 
Delfs-Jegge et al (1994). From time to time, we have observed nuclear inclusions somewhat 
similar to CMV in cells in pleural fluids but the exact nature of these inclusions has not been 
determined. 

Parasites 

The diagnosis of congenital toxoplasmosis, established in ascitic fluid, was reported by Nicol 
and Geisinger (1998). For description of trophozoites of the intracellular parasite, Toxoplasma 
gondii, see Chapter 42. 

Microfilariae of Mansoneiia ozzardi were observed in ascitic fluid by Figueroa (1973) (Fig. 

25-1 7A). Ova of the lung fluke Paragonimus kellicotti were observed in a subcutaneous 
cyst fluid by McCallum (1975). 

Strongyloides stercoralis larvae (see Chap. 19) were observed in ascitic fluid by Avagnina 
et al (1980) in an immunosuppressed renal transplant patient. The authors postulated that the 
larvae penetrated the wall of the bowel in a patient in whom the infestation was confirmed at 
autopsy. 

Giardia iambiia cysts and trophozoites (see Chap. 24) were observed in peritoneal fluid after 
a blunt trauma to the abdomen (Block et al, 1987). 

Trichomonas vaginalis have been observed in pleural effusions (Memik, 1968) and were 
reported as a cause of an empyema (Miller et al, 1982). 

Jacobson (1973) described a case of echinococciasis diagnosed in pleural fluid. In our own 
case, the characteristic scolex and hooklets of Echinococcus granulosus were readily 
observed (Fig. 25-1 7B). Other examples of echinococciasis are provided elsewhere in this book 
(see Chap. 19). It should be noted that the fluid of echinococcal cysts is highly antigenic and, if 
it is released from a cyst during aspiration, it may cause a severe anaphylactic reaction in the 
patient. Thus, no deliberate attempt at aspiration in a case of suspected echinococcosis should 
be made. 
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Figure 25-17 Parasites in effusions. A Ascitic fluid containing filaria. B. Echinococcus. 
The hooklets of the scolex are well shown. (A: From Dr. Jesus Figueroa Giorgas Hospital, 
the Republic of Panama.) 
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Eosinophilic Pleural Effusion 

This group of diseases is characterized by a chronic but self-limiting pleural effusion, 
containing eosinophiles. There is lack of universal agreement about when an effusion should 
be so designated; the majority of authors suggest 10% of eosinophils as an acceptable criterion 
but others (Robertson, 1954) raise this to 50%. In my experience 10% eosinophils is 
sufficient to designate a fluid as belonging to this group of diseases with their uniquely 
favorable prognosis. 

Cytology and Pleural Biopsies 

On cytologic examination of the sediment, the key feature is the presence of numerous 
bilobate eosinophils, accompanied by lymphocytes, scarce mesothelial cells, which may be 
quite atypical, macrophages, and occasional plasma cells (Fig. 25-18). Pleural biopsies show 
either fibrosis of the pleura or mild chronic inflammation with deposition of fibrin. Eosinophils 
may be observed only in about 25% of all pleural biopsies, suggesting that the 
eosinophils in the fluid may be derived from the peripheral blood. We and Naylor and Novak 
(1985) observed Charcot-Leyden crystals in several such cases (see Fig. 25-1 3A) 

Etiology and Clinical Data 

The exact etiology of this ill-defined group of diseases is not clearly understood. A number of 
factors, including allergy and hypersensitivity to drugs, trauma to the chest with resulting 
hemothorax (Conti no and Vance, 1966), pneumothorax (Spriggs, 1979), and asbestosis 
(Adelman et al, 1984), have been implicated in the pathogenesis of eosinophilic pleural 
effusion. Yet, in a substantial proportion of such cases, no evidence of a sensitizing 
factor or other 
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disease state can be identified and the term idiopathic eosinophilic pleural effusion is 
suggested for such cases (Veress et al, 1979). Synchronous eosinophilia in the peripheral 
blood is rare; hence, the effusion presumably reflects a local event confined to the pleura. 
Kokkola and Valta (1974) studied 78 patients with pleural fluid containing 10% or more 
eosinophils. In 42 (54%) patients, the effusion was idiopathic, 16 patients had some form of ill- 
defined “collagen disease” not confirmed by clinical data, 6 had cancer, and 14 had 
tuberculosis. 
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Figure 25-18 Eosinophilic pleural effusion (idiopathic). A Chest x-ray in a 34-year-old 
man with bilateral effusion causing severe dyspnea. B. Smear of pleural fluid showing 
isolated mesothelial cells, vacuolated macrophages, and numerous bilobed eosinophiles. 
C. Biopsy of pleura in the same patient showing minimal fibrosis. D. Pleural fluid from 
another patient, containing only eosinophiles. 



Of particular interest is idiopathic eosinophilic pleural effusion (see Fig. 25-18). The 
disease is usually unilateral, although bilateral effusion has been observed. It is not 

infrequent to observe it in young, otherwise healthy people whose sole complaints are referable 
to a long-standing accumulation of pleural fluid. Occasionally, the disease may be totally 
disabling because of dyspnea. Veress et al (1979) reviewed the data on 30 patients with 
eosinophilic pleural effusion observed at Montefiore Hospital in New York City between May 
1974 and January 1977. There were 11 patients younger than 50 and 19 patients older than 
50, reflecting the hospital population. Six patients had a past history of cancer. Four patients 
had a history of asthma, 8 of thoracic trauma and, in 10 patients no other disease factors were 
observed. The summary of the key laboratory observations is given in Table 25-1. 

It may be seen that eosinophilia in pleural fluid was accompanied by lymphocytosis. The 

fluids had a high specific gravity and high protein content, indicating that they were exudates. 

Lactic dehydrogenase (LDH) activity was within normal limits, in contrast with cancerous 
effusions (see Chap. 26). Eosinophilia in the pleural fluid did not correlate with findings in the 
peripheral blood. Only 4 of our 30 patients had blood eosinophilia of 10% or more. 

Regardless of the etiology and pathogenesis of the eosinophilic pleural effusion, it is usually 
self-limiting and has an excellent prognosis, although its course may be protracted, 
sometimes lasting 2 years. Twenty-eight of the 30 Montefiore Hospital patients had adequate 
follow-up. Six patients died of myocardial infarction. In the remaining 22 patients, including the 6 
patients with past history of cancer, the effusion cleared up without specific treatment. 
Eosinophilic pleural effusion is a unique disease in which an accurate 

P.936 



1628/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 25 - Effusions in the Absence of Cancer 

cytologic evaluation of pleural fluid offers an excellent prognosis for patients in 
alarming clinical situations. 



TABLE 25-1 MONTEFIORE MEDICAL CENTER: SUMMARY OF SOME IMPORTANT 
LABORATORY DATA IN 30 PATIENTS WITH EOSINOPHILIC PLEURAL EFFUSION 



Blood 


Pleural Effusion 


Range Mean 


Range Mean 



Eosinophils (%) 


0-50 


7.17 


12-85 


38 (n = 


* 

= 43) 


Lymphocytes (%) 


7-48 


20.2 


5-73 


34 (n 


~ 43) 


Total protein g/dl 


5.2-8. 3 


6.9 


2-5.9 


4.19 (/7 


= 33) 


LDH (IU)t 


124-1240 


331 


71-600 


267 (n 


= 32) 


Specific gravity 






1.016-1.037 


1.027 (n 


~ 16) 


* 

n, number of patients. 



t LDH (IU), lactic dehydrogenase in international units per liter. 



Cirrhosis of Liver 

Cirrhosis of liver, regardless of its etiology, results in a disturbance of the circulatory circuits in 
the abdominal cavity because of fibrosis of portal spaces, affecting hepatic arteries and 
veins. Accumulation of ascitic fluid is a common event in advanced cirrhosis. The cytologic 
investigation of ascitic fluid, particularly in patients with evidence of hepatic dysfunction, is 
often of crucial clinical diagnostic importance. The clinical differential diagnosis of ascites, 
comprising cirrhosis of the liver and various forms of primary 
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or metastatic cancer, may or may not be resolved on radiologic examination and a cytologic 
assessment may offer a rapid and cost-effective guidance as to the etiology of ascites. 
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Figure 25-19 Cell abnormalities in cirrhosis of the liver. A-C. Clusters and 
multinucleated cells in a somewhat overstained smear. The nuclear abnormalities mimic a 
malignant tumor. D. Histologic section of liver from the same patient obtained at 
postmortem examination showing cirrhosis and some evidence of regeneration. ( C : high 
magnification.) 



Cytology of Ascitic Fluids 

In most patients, the ascitic fluid in cirrhosis of the liver does not present a diagnostic challenge. 
The fluids are straw-colored exudates. The cell population is sparse and easily identified as 
mesothelial cells or macrophages, and there is a minimal inflammatory component. In patients 
with ascites of long duration, particularly after several previous taps, marked proliferation 
of mesothelial cells, often accompanied by marked atypia, may occur (Fig. 25-19). Cell-in- 
cell arrangement, suggestive of phagocytosis, papillary or rosette-like clusters of 
mesothelial cells showing nuclear enlargement, hyperchromasia, and slight 
irregularities of nuclear contour may occur (Fig. 25-20). The atypical mesothelial cell nuclei 
are generally of fairly monotonous, even size and do not have large nucleoli. Such 
clusters may be accompanied by multinucleated macrophages, most likely the reaction to 
previous taps, which may suggest to an uninitiated observer giant cancer cells. 

Cell abnormalities may be particularly troubling in the rare jaundiced cirrhotic patients with 
massive liver failure. The ascitic fluid in such patients may contain large, bizarre cells, 
sometimes with prominent nucleoli that may be of hepatic, rather than mesothelial derivation. 
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Figure 25-20 Another example of mesothelial cell atypia in cirrhosis of the liver. A 

A cluster of mesothelial cells with somewhat enlarged nuclei. B-D. Examples of cell-in-cell 
arrangement of mesothelial cells, incorporated either by macrophages or other mesothelial 
cells, a finding commonly observed in ascites in advanced cirrhosis. 



The distinction between the markedly atypical mesothelial cells and cancer cells in 
such situations is difficult, particularly in patients with liver failure. The absence of 
prominent nucleoli in the atypical mesothelial cells and the presence of multinucleated 
macrophages are important cytologic clues that the lesion is benign. It should be noted that 
the association of cirrhosis of the liver with metastatic cancer is uncommon. The only 
malignant tumor consistently associated with cirrhosis is hepatocellular carcinoma and these 
tumors very rarely shed cells into the ascitic fluid, although such events have been noted (see 
Chap. 26). In patients with cirrhosis, the diagnosis of cancer in ascitic fluid should not 
be made in the absence of supportive clinical history and computed tomography. 

It is of interest here that To et al (1981) and Watts et al (1983) observed major chromosomal 
abnormalities in cultures and direct spreads of mesothelial cells from ascitic fluid of 
five patients with alcoholic cirrhosis of the liver. Metaphase spreads with over 70 
chromosomes, clones of abnormal cells with marker chromosomes, and other major cytogenetic 
abnormalities were reported. The authors suggested that these startling findings 
represented 
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an alcohol-induced transformation of mesothelial cells. Aconfirmation of this apparently 
unique observation would be desirable because, in practice, mitotic abnormalities in effusions 
are extremely rare in the absence of cancer. The possibility that the highly abnormal cells, as 
are shown in Figures 25-19 and 25-20, are transformed mesothelial cells with an abnormal 
chromosomal component, cannot be ruled out. 

Pancreatitis 

Effusions associated with acute or chronic pancreatitis are usually limited to the abdominal 
cavity. Ascitic fluid that may be observed in pancreatitis is very rarely aspirated after the 



1631 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 25 - Effusions in the Absence of Cancer 

clinical diagnosis has been established. Kutty et al (1981) pointed out that pleural fluid 
accumulations, that may be sometimes observed in pancreatitis, may contain 
abnormal mesothelial cells mimicking a malignant tumor. The changes described and 
illustrated were very similar to those shown below in uremia (Fig. 25-21 ). 

Renal Diseases 

It is uncommon to associate renal diseases with cytology of effusions. Such links, however, do 
exist as, for example, in hypoproteinemia (see above), uremia, and dialysis ascites. 
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Figure 25-21 Marked atypia of mesothelial cells in the case of uremic pleurisy. A-C. 
Marked abnormalities of mesothelial cells, namely enlarged, hyperchromatic nuclei and the 
presence of large nucleoli. D. The pleural changes at the time of postmortem examination. 



Uremia 

Uremic pericarditis has long been recognized as a frequent and ominous feature of uremia. 
The cytology of uremic pericarditis is unknown because the fluid is virtually never aspirated. On 
occasion, uremic pleurisy may develop, and the pleural fluid may contain numerous atypical 
mesothelial cells. In exceptional cases, such as the one illustrated in Figure 25-21, highly 
abnormal mono- and multinucleated mesothelial cells, occasionally with markedly 
enlarged nuclei and multiple, irregularly shaped nucleoli, may be observed. In this 
case, these cells were unequivocally classified as malignant, but a careful postmortem 
examination revealed only an abnormal proliferation of the mesothelium. Although this case 
seems exceptional, occasional mistakes due to abnormal proliferation of mesothelial 
cells in uremia seem unavoidable. 

Dialysis Ascites 

Some patients receiving peritoneal dialysis or hemodialysis develop a nearly intractable 
chronic accumulation of ascitic fluid. The ascites disappears after surgical removal of the 
kidneys. In seven cases of dialysis ascites personally studied, the only cytologic observation of 
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note was the presence of erythrophagocytosis (Fig. 25-22A). It is not known by what 
mechanism the red blood cells become sensitized and ingested; nor is it known whether the 
cells containing ingested erythrocytes are mesothelial or macrophages. Biopsies 
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of peritoneum in dialysis ascites disclose fibrinous peritonitis, with a slight to moderate 
proliferation of mesothelial cells (Fig. 25-22B). Yanez-Mo et al (2003) reported that, in the 
course of peritoneal dialysis, the mesothelial cells may assume the properties of fibroblasts. 




Figure 25-22 Dialysis ascites. A Erythrophagocytosis in a case of dialysis ascites. The 
peritoneal biopsy in this same case shows some fibrosis and proliferation of mesothelial 
cells. 



Collagen Diseases 

Pleural effusions, and occasionally ascites, are not rare in the ill-defined group of diseases that 
have in common degenerative or inflammatory changes in tissues derived from the embryonal 
mesenchyme. Necrosis of small blood vessels and inflammatory perivascular changes are 
some of the common morphologic denominators of this group of disorders that otherwise have 
diverse clinical manifestations. 
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Figure 25-23 Pleural fluid in lupus erythematosus. A-C. LE cells showing phagocytosis 
of lymphocytes with pyknotic, homogeneous, degenerated nuclei. D. The so-called Tart, 
cells somewhat similar to LE cells but without pyknosis of the phagocytized lymphocytes. 

(. A-D : H&E; A oil immersion; B-D: high magnification; D: Courtesy of Dr. Bernard Naylor, 

Ann Arbor, Ml.) 



Systemic (Disseminated) Lupus Erythematosus 
Clinical Data 

Systemic lupus erythematosus is an auto-immune disorder, usually affecting multiple organs of 
young women, but 
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also observed in children, older female and male patients (Scully et al, 2001 , Case Record IQ- 
2001, Massachusetts General Hospital). The disease is characterized by generalized malaise 
and fever, arthritis affecting multiple joints, skin manifestations (“butterfly” erythema of face) and 
renal involvement. Pleural effusions are a common manifestation in this disorder and the 
cytologic examination of the sediment may be the first objective evidence of this disease. 

The sera of these patients contain anti-nuclear (anti-DNA) antibodies that destroy the DNAof 
cells. The dead cells (mainly leukocytes) are phagocytized by other leukocytes or by 
macrophages, forming the characteristic lupus erythematosus (LE) cell. 

Cytology 

The finding of a degenerated, homogeneous nucleus of a leukocyte phagocytized by 
another leukocyte, the socalled lupus erythematosus (LE) cell, is, with few exceptions, 

pathognomonic of this disease. The exceptions are drug-induced disorders, mainly 
procainamide hydrochloride (Kaplan et al, 1978), and occasional patients with effusion but 
no evidence of either lupus or drug intake. The LE cells may be produced in vitro by 
incubating patient's blood at 37°C. It is, therefore, not surprising that in effusions, which offer 
optimal conditions for incubation, LE cells will be observed, usually accompanied by an 
inflammatory reaction (Fig. 25-23A-C). 
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Figure 25-24 Pleural fluid in rheumatoid arthritis in a 34-year-old woman. A Spindly 
cells in a background of necrotic material. B. High-power view of multinucleated spindly 
cells in a background of homogeneous necrotic material. C. Papillary clusters of 
mesothelial cells surrounded by necrotic material. D. Pleural biopsy in the same patient 
showing typical rheumatoid nodule of the pleura. (Case courtesy of Dr. Bernard Naylor, 
Ann Arbor, Ml.) 



The LE cells have been observed in pleural, ascitic, and synovial fluids of patients with 
lupus erythematosus (Pandya, 1976; Metzger et al, 1974; Hunder and Pierre, 1970; Reda 
and Baigelman, 1980; Good et al, 1983; Naylor, 1992; Scully et al, 1999; Case Record 14- 
1999, Massachusetts General Hospital). Fazio et al (1998) described a case of cardiac 
tamponade with LE cells in the pericardial fluid. 

Besides LE cells, other cytologic abnormalities may be observed. Thus, Kelley et al (1971) 
described large atypical cells, akin to plasma cells, in pleural fluids in eight often patients 
with systemic lupus. These authors considered these cells of great significance for early 
diagnosis of this disease. Naylor (1992) reported on the presence of “tart cells,” or small 
macrophages, that have phagocytized nonhomogenized but degenerated nuclei, presumably of 
lymphocytes, first described by Hargraves et al in 1948 (Fig. 25-23D). 

The pleural effusions in patients with lupus have high protein content (over 3 g/100 ml) and 
glucose content of more than 55 mg/100 ml. This latter value is in contradistinction to 
rheumatoid arthritis wherein pleural effusions usually have glucose levels of less than 20 
mg/ 100 ml of 
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fluid. Good et al (1983) noted that the level of anti-nuclear antibodies, a hallmark of lupus 
erythematosus, is often very high in pleural fluids of these patients. 

Rheumatoid Arthritis 
Clinical Data 

Rheumatoid arthritis is a chronic autoimmune disease mainly affecting synovial membranes 
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of joints, and characterized by formation of granulomatous nodules composed of a 
necrotic core and peripheral epithelioid cells, arranged in a palisade. Such nodules may 
be observed in a variety of organs, including lung, pleura, pericardium, and heart (Yurchak and 
Deshpande, 2003, Case Record 2-2003, Massachusetts General Hospital). 

Cytology 

In 1968, Nosanchuk and Naylor described a characteristic cytologic picture in pleural 
effusions in five often patients with rheumatoid arthritis. The principal feature is the 
background, made up of granular, amorphous, particulate acellular debris of various 
hues. The material is sometimes eosinophilic, sometimes more cyanophilic, or even green, in 
Papanicolaou stain. Within this background there are elongated, fibroblast-like cells 
(epithelioid cells) and numerous multinucleated, often elongated, giant cells and 
degenerating leukocytes. The combination of the debris, spindle cells, and 
multinucleated giant cells in fluids is pathognomonic for rheumatoid arthritis (Figs. 25- 
24 and 25-25). The origin of these cells is from the rheumatoid nodules involving the pleural 
cavity. The granular material originates in the necrotic part of the nodule (Figs. 25-24D and 25- 
25D). The spindle and giant cells originate in the characteristic “palisading” epithelioid cell 
lining the periphery of rheumatoid nodules. Boddington et al (1971) pointed out that the 
presence of the amorphous material alone is also diagnostic 
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of rheumatoid effusion. They further reported that the amorphous material fluoresced with 
anti-gamma globulin antisera, a reaction that was not observed in control fluids. Naylor (1990B) 
also observed cholesterol crystals in pleural effusions of several patients. 
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Figure 25-25 Pleural fluid in rheumatoid arthritis in a 75-year-old man. A Chest x-ray 
of patient showing marked left pleural effusion. B,C. Various forms of atypical spindly and 
multinucleated cells within the background of homogeneous necrotic material. D. Biopsy of 
pleura showing a rheumatoid nodule. 



Ragocytes, or RE cells, first described in synovial fluid of patients with rheumatoid 
arthritis, are neutrophilic polymorphonuclear leukocytes with cytoplasmic inclusions resembling 
seeds of grapes (from Greek, rago = grape). For further description of these cells, see Chapter 
27. Naylor (1990B) observed such cells in effusions in rheumatoid pleurisy, but did not 

consider them to be of diagnostic value. 
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Figure 25-26 A-C. Highly abnormal mesothelial cells in chylous ascites of long standing, 
associated with diffuse scleroderma. The markedly enlarged, hyperchromatic nuclei 
strongly suggest malignant cells. D. Skin showing changes of scleroderma. E High-power 
view of the serosal lining of the small bowel in the same case at autopsy. The origin of the 
abnormal cells in the serosa is clearly demonstrated. 



Boddington et al (1971) pointed out that effusions associated with rheumatoid arthritis occur 
more often in males than statistically warranted and that they may occur at any time 
during the course of the primary disease and even as the first manifestation of 
rheumatoid arthritis. We can confirm these observations, as did Naylor (1990B). It is of note 
that glucose content of fluids showing this cytologic picture is generally below 20 mg/100 ml 
(Carretal, 1970; Carr, 1973). 

Patients with rheumatoid arthritis without rheumatoid granulomas in the pleura may 
also develop pleural effusion that does not show the characteristic cytologic picture. 
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Scleroderma (Progressive Systemic Sclerosis) 

For comments on the nature of this disease, see Chapter 24. We have observed a male patient 
with this disorder with chylous ascites, apparently caused by obstruction of thoracic duct. The 
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sediment of the ascitic fluid contained mesothelial cells with markedly hyperchromatic, 
enlarged nuclei (Fig. 25-26). At autopsy, the origin of the cells could be traced to abnormal 
peritoneal lining. 

Langerhans' Cell Histiocytosis 

This uncommon disorder with many manifestations, discussed in Chapter 19, may be 
associated with effusions, as reported by Nagaoka et al (1996). The characteristic Langerhans' 
cells resemble macrophages, have scanty cytoplasm with long processes, and large, cleaved 
nuclei, and are often accompanied by eosinophiles. A positive immunostain for protein S-100 
and antibody CD1 confirms the identity of these cells. The effusions may be associated wih 
pulmonary disease which sometimes produces pneumothorax and even broncho-pulmonary 
fistulae. 




Figure 25-27 Effect of treatment on cells in effusions. A Radioactive phosphorous 

(p32). Note marked vacuole formation in the cytoplasm of cancer cells. B. Radiotherapy. 
Markedly atypical, but benign, mesothelial cells from pleural fluid of a 30-year-old woman 
with mediastinal Hodgkin's disease treated by radiotherapy. The cells form an acinar 
structure and prominent nucleoli, mimicking cancer. C,D. Radiotherapy. Pleural fluid 6 
years after completion of radiotherapy for ipsilateral breast cancer. C. The mesothelial 
cells, singly and in clusters, show enlarged, somewhat hyperchromatic nuclei. Smear 
background contains lymphocytes. D. Mesothelial cells form surface blebs (High 
magnification). 



Miscellaneous Cytologic Abnormalities 
Effects of Radiotherapy 

Patients treated for cancer may develop effusions that are either caused by recurrent or 
metastatic tumor or may be unrelated to primary disease and caused by inflammatory events or 
by effects of therapy. The effects of chemotherapy may be sometimes evaluated in cancerous 



1639/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 25 - Effusions in the Absence of Cancer 

effusions, as discussed in Chapter 26. More commonly, however, radiotherapy, either 
administered to a target enclosed by a serous cavity or adjacent to it, may be associated with 
synchronous or metachronous effusions. The cytologic evaluation of such effusions represents 
sometimes a diagnostic challenge because radiotherapy-induced abnormalities of mesothelial 
cells may be mistaken for cancer. 

Radioactive Phosphorous (P 32 J 

Treatment of chronic pleural effusions, by radioactive phosphorous, is rarely used today, even 

in patients with cancer. There is no systematic study of the effects of P 32 on benign cells, 
although anecdotal experience suggests that marked enlargement, vacuolization of the 
cytoplasm and of the 

P.944 

nuclei of mesothelial cells and macrophages occurred in treated patients (Fig. 25-27A). 
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Figure 25-28 Effects of radiotherapy. A-D. Atypical mesothelial cells in ascitic fluid. The 
patient received 5,000 r to the upper abdomen for leiomyosarcoma of duodenum and lived 
subsequently for over 2 years. Prior to death, liver failure and ascites were noted. The 
mesothelial lining of the stomach (C) was atypical. The liver ( D ) showed unusual changes, 
perhaps radiation necrosis.) 



External Radiotherapy 

Wojno et al (1994) compared the results of external radiotherapy in 55 pleural fluids from 
treated patients with 39 control specimens from untreated patients with cancer. These authors 
evaluated a large number of features of benign mesothelial cells in both groups of patients and 
concluded that there are no specific mesothelial abnormalities attributable to radiotherapy, 
regardless of the amount of radiation and time interval since conclusion of treatment. Only 
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“bizarre mesothelial cells” (not further defined) were somewhat more frequent in irradiated 
patients than in controls. Other cell features, such as “degenerative changes” (not further 
defined), smudgy chromatin, large cytoplasmic vacuoles and cytomegaly were somewhat more 
common in the fluids of irradiated patients but failed to reach statistical significance. The paper 
did not state whether these patients received other forms of therapy. 

In spite of this pessimistic assessment, there is again anecdotal evidence that external 
radiotherapy may cause abnormalities of mesothelial cells that may be observed in patients 
whose fluids do not contain cancer cells. In most such cases, the mesothelial cells retain their 
basic morphologic features but may be arranged in large spherical clusters and show prominent 
nucleoli (Fig. 25-27B). In yet other cases, the nuclei may show hyperchromasia (Fig. 25-27C) or 
formation of surface protrusions or “blebs” (Fig. 25-27D). As an example, abnormally shaped 
mesothelial cells with considerable nuclear hyperchromasia were observed in ascitic fluid 
in a patient who received 5,000 rad (50 Gy) to the abdomen for an inoperable leiomyosarcoma 
of the duodenum (Fig. 25-28). Two years after treatment, the patient died with jaundice and a 
considerable ascites. At autopsy, no tumor was found, but the peritoneal lining was 
histologically abnormal, while the liver displayed unusual necrotic changes, possibly a late 
result of radiation. 

Amyloidosis 

In a most unusual case of a patient with generalized amyloidosis and ascites of long duration 
(seen courtesy of Drs. David Jones and Eleanor Bechtold of Syracuse, NY), there were 

clusters of mesothelial cells that had a strikingly abnormal pattern of nuclear 
chromatin with prominent nucleoli, mimicking a malignant tumor (Fig. 25-29). There was no 
evidence of cancer in this patient. 

Endometriosis 

Endometriosis may cause an accumulation of bloody ascitic and sometimes pleural or even 
pericardial fluids that may be clinically alarming (Yu and Grimes, 1991; London and Parmley, 

1993). A case of endometriosis of the lung 
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and pleura, diagnosed by aspiration biopsy (FNA) was recorded by Granberg and Willems 
(1977). Subsequently, Zaatari et al (1982) reported on two cases of pleural endometriosis 
with characteristic recurrent hemorrhagic effusion. Endometrial cells of columnar 
configuration, singly and in clusters, derived from the lining of the endometrial cyst, were 
described as characteristic of the disease process. The fluids also contained 
hemosiderinladen macrophages and clusters of smaller epithelial cells showing intercellular 
molding. Somewhat similar findings were reported by Kumar and Esfahani (1988) in ascitic 
fluid in two patients with ruptured endometriotic ovarian cysts. Besides the columnar 
epithelial cells described by Zaatari et al, clusters of typical endometrial and small, spindly 
stromal cells were observed. The endometrial epithelial cells formed flat sheets and glands, 
similar to those observed in direct endometrial samples (see Chap. 13). The Kumar and 
Esfahani observations were of significant diagnostic value because both their patients were 
initially thought to have ruptured malignant tumors of ovary. Similar observations were 
reported by Schlueter and McClennan (1994). In several recent case reports of blood fluids 
associated with endometriosis, hemosiderincontaining macrophages were the dominant 
cytologic findings (Dias et al, 2000; Francis et al, 2003). Cytologic findings in endometriosis are 
also described and illustrated in Chapters 22, 27, and 34. 
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Figure 25-29 A,B. Ascitic fluid of long standing in a case of diffuse amyloidosis proved by 
autopsy. Note the clustering of cells and striking hyperchromasia of nuclei of individual 
mesothelial cells. (Courtesy of Drs. David Jones and Eleanor Bechtold, Syracuse, NY.) 



“Yellow Nail” Syndrome 

“Yellow nail” syndrome is a rare, apparently reversible disorder characterized by yellow color, 
slow growth, and absence of cuticles in fingers and toenails. The syndrome, first 
described by Sammon and White (1964), is often associated with lymphedema and pleural 
effusion (Dilley et al, 1968; Dwek and Greenberg, 1973). It may be occasionally associated 
with cancer (Guin and Elleman, 1979) and a broad variety of other disorders, such as thyroid 
disease, rheumatoid arthritis, and immune deficiencies (review in DeCoste et al, 1990). 

Information on the cytologic make-up of the effusions in this disease is very limited. In a case 
brought to my attention by Dr. Allan Olschewski, the pleural fluid contained a rich population 
of active, atypical lymphocytes, lymphoblasts, and eosinophiles. Pleural biopsies 
disclosed lymphocytic infiltration of the submesothelial connective tissue. The presence of 
atypical lymphocytes in the fluid led to a work-up of the patient for a malignant lymphoma with 
negative results. 

SPECIAL FEATURES OF PERICARDIAL FLUID 

The aspiration of pericardial fluid is not as simple a procedure as aspiration of the pleural or 
ascitic fluid. Because of the danger of myocardial perforation, the procedure is not undertaken 
lightly and only in patients in whom the diagnosis of pericardial effusion is a major dilemma or 
patients threatened with cardiac tamponade for whom a pericardial “window” must be 
established. The differential diagnosis often comprises a primary tumor, such as a 
mesothelioma or involvement by a mediastinal tumor (lymphoma, thymoma, seminoma, or 
malignant teratoma; see Chap. 37), a metastatic tumor, or a chronic inflammatory process, 
such as a rheumatic pericarditis or postinfarction pericarditis. All of the benign disorders cause 
atypias of mesothelial cells which deserve a special note. 

Cytologic Findings in the Absence of Cancer 

In my experience, the cytologic findings in benign pericardial fluids present an important 
diagnostic challenge. The benign mesothelial cells in pericardial fluids may form large 
sheets with a spherical, hence, “papillary” configuration (see Fig. 25-9C). Furthermore, it 
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is not uncommon to see rather prominent nucleoli in such cells. These findings may mimic a 
malignant tumor. The reasons for the high frequency of these findings is unclear and is 
probably 
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related to some special features of pericardial mesothelium about which nothing is known. 

Another source of diagnostic error may be chronic hemorrhagic pericarditis, with 
accumulation of massive amounts of hemosiderin in macrophages, mimicking a 
malignant melanoma. A positive iron stain may clarify the nature of the accumulated pigment. 

Major diagnostic difficulties may occur in chronic fibrosing pericarditis that may lead to 
cardiac tamponade. In such pericardial fluids, one may observe large clusters of atypical 
mesothelial cells, occasional mitotic figure, and sheets of highly abnormal fibroblasts from areas 
of granulation tissue. Because the actively proliferating fibroblasts may show significant 
nuclear abnormalities in the form of prominent nucleoli and large hyperchromatic and atypical 
nuclei, such findings can be readily confused with a malignant tumor. 

Other rare nonmalignant disorders causing pericardial effusions with marked proliferation of 
mesothelial cells include Histoplasma capsulatum pericarditis (Kaplan and Sherwood, 1963) 
and tuberculous pericarditis (Kapoor et al, 1973). For description of cytologic findings in 
tuberculosis, see above. The cytologic diagnosis of cancer in pericardial fluids should be 
limited to cases with secure evidence of a malignant tumor. 
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26 

Effusions in the Presence of Cancer 



Cytologic techniques have been universally recognized as the most important diagnostic tool in 
the recognition of malignant tumors in effusions. The diagnosis of cancer in 
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a pleural, pericardial, or peritoneal fluid is of capital importance for the patient and the attending 
physician or surgeon. Although, in many such instances, a fatal outcome of the disease may be 
anticipated, some tumors offer a much better prognosis than others. For example, metastatic 
mammary carcinoma may be controlled, often for a period of many years, by various forms of 
therapy. In some other tumors, long-term remissions or even cures can be achieved. Malignant 
lymphomas, some testicular tumors, and some malignant tumors of childhood, such as 
neuroblastoma or embryonal rhabdomyosarcoma, may respond to energetic therapeutic 
measures. Therefore, the responsibility of the pathologist is two-fold: 

■ To identify cancer cells accurately 

■ To identify tumor type and, if possible, the site of primary origin 

These tasks are greatly facilitated by an accurate clinical history and review of prior 
histologic material, if available. 

As a general rule, it is better to exercise diagnostic caution, keeping in mind the potentially 
tragic consequences of an erroneous diagnosis of cancer based on flimsy evidence. On the 
other hand, failure to recognize cancer cells that show only subtle morphologic 
abnormalities may delay or deprive the patient of needed treatment. 

The use of impeccable technical preparations is of utmost importance in ensuring diagnostic 
accuracy. The collection techniques are discussed in Chapter 1 and the laboratory 
processing techniques are discussed in detail in Chapter 44. Preparation of cell blocks from 
residual sediment is often of great diagnostic value in the recognition of morphology and origin 
of the tumor and in the application of special stains or other analytical procedures. 

Experimental studies by Siegler and Koprowska (1962) on the mechanism of ascites 
formation in mice indicated that the formation of ascites, containing malignant cells, was 

conditioned by damage to the capillaries and lymphatics by colonies of cancer cells. It 

is likely that a similar mechanism is operative in humans. 

RECOGNITION OF MALIGNANT CELLS 

The frequently emphasized difficulty in the recognition and classification of cancer cells in body 
fluids is caused by two main factors: 

■ The body fluids are a natural tissue culture medium, wherein mesothelial and tumor 



1655/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 26 - Effusions in the Presence of Cancer 

cells may proliferate free of the boundaries imposed upon them by the framework of 
organs and tissues (also see comments in Chap. 25). It is known to all students of in vitro 
tissue culture that morphologic identification of benign versus malignant cultured cells may 
be fraught with considerable difficulty. Similarly, the characteristic features of human cancer 
cells in fluids may undergo substantial modifications. For example, abnormal cell 
shapes that often help in the identification of exfoliated or aspirated cancer cells may no 
longer be present in fluids, wherein the cancer cells may assume a neutral, 
spherical appearance. Nuclear features often seen in cancer, such as 
hyperchromasia, may also be absent or attenuated. 

■ Proliferating mesothelial cells may conceal the presence of tumor cells or may 
mimic cancer cells by forming complex clusters or displaying alarming nuclear 
features, such as the presence of nucleoli (see Chap. 25). Rarely, clusters of 
macrophages (histiocytes) may mimic cancer. 

In spite of these words of caution, it is entirely possible, in the vast majority of effusions, to 
identify cancer cells accurately, often to identify tumor type, and, sometimes, to 
suggest the primary tumor of origin, even in the absence of an accurate clinical history. The 
diagnostic value and significance of ancillary diagnostic procedures are discussed below (Table 
26-1). 

The general features leading to the recognition of cancer cells in smears and similar 
preparations are described at length in Chapter 7. The loss of some of these features in 
effusions requires close attention to morphologic details that may be of secondary value in 
other diagnostic media. 

Cytoplasmic Features 
Cell Size 

The size of tumor cells may vary greatly according to tumor type. To determine the size of a 
suspect cell, a comparison must be made with identifiable cell types, such as 
erythrocytes, lymphocytes, or mesothelial cells. Generally, the cells of malignant tumors in 
effusions may be classed in three size groups: 

■ Large or very large. The cells are significantly larger than normal mesothelial cells. 

Some mesotheliomas, metastatic carcinomas of various types, malignant melanomas 
and sarcomas belong in this group. When combined with abnormal nuclear features, 
described below, the identification of such tumors is easy (see Figs. 26-36B, 26-40D, 26-57). 

■ Small. The tumors are made up of cells much smaller than mesothelial cells. Most malignant 
lymphomas, many of the malignant tumors of childhood (neuroblastoma, Wilms' tumor) and 
certain carcinomas (small-cell carcinoma of the breast, oat cell carcinoma) belong to this 
group of tumors. Close attention must be paid to nuclear features and interrelationship of 
cells for accurate identification (see Figs. 26-28, 26-30, 26-35). 

■ Medium-sized. The diagnostic problem usually occurs with cells of medium size which are 
approximately of the same size as mesothelial cells. A variety of carcinomas of mammary, 
lung, gastric, pancreatic, or prostatic origin may have this presentation (see Fig. 26-26). This 
is perhaps the most difficult group of tumors to identify and the most important source of 
diagnostic error. 
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Cell Configuration 

Because many cancer cells in fluids assume a “neutral” spherical configuration, unusual cell 
shapes are very helpful 
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in identifying cancer. Thus, the presence of bizarre or spindly cells (see Figs. 26-19, 26-20, 
and 26-57), columnar cells or cells resembling bronchial lining cells is usually associated 
with cancer (see Figs. 26-34, 26-41). Exceptions may occur, for example in the sediment in 
rheumatoid arthritis wherein spindly epithelioid cells may be observed (see Chap. 25). Very 
rarely, benign fibroblasts, derived from connective tissue supporting the mesothelium, may 
also be observed in such fluids. 



TABLE 26-1 CELL FEATURES USEFUL IN THE IDENTIFICATION OF CANCER CELLS 

IN EFFUSIONS 


Cell size 


Diagnostic value 


Benign sources of error 


Small 


Oat cell carcinoma, some 
breast cancers, small cell 
lymphomas, tumors of 
childhood 


Chronic lymphocytic 
infiltrate (e.g., 
tuberculosis) 


Medium 


Many carcinomas 


Atypical mesothelial cells 


Large 


Soft-part sarcomas, 
some carcinomas 


Reactive giant cells 
(Langhans 1 ) 


Cell configuration 






Spherical 


Dominant in carcinomas 




Bizarre or spindly 


Usually diagnostic of a 
malignant tumor 


Rheumatoid arthritis, 
benign fibroblasts 


Other cytoplasmic 
features 






Keratin formation 


Diagnostic of squamous 
cancer 


Squamous epithelial cells 
from skin (vanishingly 
rare) 


Mucus formation 


Diagnostic of metastatic 
carcinomas of various 
derivations 


No benign counterpart 


Cell products 
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Melanin pigment 


Nearly always diagnostic 
of malignant melanoma. 
For exceptions, see text. 


Hemosiderin and other 

hemoglobin-derived 

pigments 


Psammoma bodies 


Ovarian, thyroid, 
mesotheliomas, other 
rare carcinomas 


Dystrophic calcifications 
of serous cavities 
(exceptional) 


Cell surfaces 






Long microvilli (light 
and electron 
microscopy) 

Cell aggregates 


Mesotheliomas and many 
carcinomas {not oat 
cell) 


Short orderly surface 
microvilli on mesothelial 
cells (on electron 
microscopy only) 


Numerous large three- 
dimensional with 
lumens on cross 
section (cell blocks) 


Carcinomatous 
mesothelioma; many 
carcinomas 


Mesothelial cell 
aggregates, usually small 
and flat. 






Exceptionally, 
macrophages (histiocytes) 
in nodular histiocytic 
hyperplasia 


Nuclear features 






Less hyperchromatic 
than in other 
diagnostic media 


Many malignant tumors 


Rarely enlarged nucleoli 
in mesothelial cells 


Abnormal N/C ratio 






Large nucleoli 




Very rare in mesothelial 
cells 


Bizarre nuclear 
shapes (protrusions) 
and massive apoptosis 
(karyorrhexis) 


Malignant lymphomas 


No benign counterpart 


Intranuclear 
cytoplasmic inclusions 


Carcinoma of thyroid, 
melanoma 
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(nuclear “holes”) 



Mitoses 



Normal configuration Suspicious of cancer 



Rare normal and 



Abnormal 

configuration 



Diagnostic of cancer 



exceptionally abnormal 
mitoses of mesothelial 
cells and macrophages 



Other Cytoplasmic Features 

Besides cell size and configuration, there are a few other cytoplasmic features that are 
sometimes helpful in the identification of cancer cells. Keratin formation, expressed as thick 
cytoplasm, staining orange or yellow in Papanicolaou stain, is practically synonymous 
with squamous cancers (see Figs. 26-23 and 26-32). Large, mucus-containing vacuoles, if 
accompanied by nuclear abnormalities, occur in cells of metastatic adenocarcinomas of 
various derivations 



(see Fig. 26-41). Such cells must be differentiated from “signet ring” macrophages that have 
normal, small nuclei (see Chap. 25). Intracytoplasmic glandular inclusions (“target cells” 
or “bull's eye cells”) are observed mainly in mammary carcinoma (see Fig. 26-28D) but may 
sometimes occur in other tumors as well (Kumar et al, 2000). 

Rarely, other cytoplasmic features may assist in the identification of tumor types. For example, 
cancer cells derived from striated muscle, may show the presence of cytoplasmic cross- 
striations (see Fig. 17-6). Such cells are diagnostic of metastatic rhabdomyosarcomas or 
tumors with a rhabdomyosarcoma component, such as metastatic mesodermal mixed 
tumors. 

Cell Products 

Products of metabolic activity of cells, such as mucus (demonstrated by mucicarmine stain), in 
cytoplasmic vacuoles, is very rarely, if ever, produced by benign cells in effusions. Accumulation 
of intracytoplasmic melanin pigment (not to be confused with other pigments; see Chap. 25) 
is nearly always diagnostic of malignant melanoma or related tumors (see Fig. 26-56). 
Calcified, concentrically laminated, round or oval psammoma bodies, 20 to 50 pm in size, are 
most commonly observed in metastatic tumors of ovarian origin (see Fig. 26-36), but 
may also be produced by thyroid cancer (see Fig. 26-43), carcinomatous mesotheliomas 
(see Fig. 26-17) and, very rarely, by bronchogenic adenocarcinoma, pancreatic 
carcinoma, carcinoma of the renal pelvis, endometrial carcinoma, and mammary 
carcinoma. It must be noted that the presence of calcified bodies is of limited diagnostic value 
in cul-de-sac pelvic washings (see Chap. 16). 

Cell Surfaces 

Spriggs and Meek (1961) observed the presence of tufts of hair-like processes on the 
surfaces of some malignant cells in pleural and peritoneal effusions, sometimes limited to 
one segment, but often covering the entire cell (Fig. 26-1). The processes were particularly 
striking in certain cases of metastatic ovarian carcinoma. Ebner and Schneider (1956) also 
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reported the presence of “ciliated malignant cells” in carcinoma of the ovary. 

These early studies have been extended by Domagala and Woyke (1975) and, subsequently, 

Domagala and Koss (1977). With scanning electron microscopy, it was shown that the 
surfaces of most cancer cells in effusions, regardless of tumor type or origin, were 
covered by innumerable microvilli of variable shape and configuration (anisovillosis) 

(Fig. 26-2). A notable exception were oat carcinoma cells that had a surface without 
microvilli. The scanning electron microscopic appearance of the surfaces of cancer cells was 
markedly different from surface configuration of macrophages and mesothelial cells, described 
in Chapter 25. Subsequent studies have shown that cells of carcinomatous mesothelioma 
had particularly long, complex microvilli on their surfaces, a feature that is sometimes of 
diagnostic value (see Fig. 26-1). The significance of microvilli is not understood at the time of 
this writing (2004). 




Figure 26-1 Cluster of cells in a malignant mesothelioma of tunica vaginalis testis 

in a 21-year-old man. Atuft of long microvilli may be observed on one of the cells, (x 
2,000.) (Courtesy of Dr. Arthur Spriggs, Oxford, England) 
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The microvilli can be observed in light microscopy in the form of a striated halo, 
particularly on surfaces of air-dried cancer cells (Fig. 26-3). The presence of visible surface 
microvilli may be helpful in the recognition of malignant cells. 

Cell Aggregates 

Although benign mesothelial cells may form aggregates in effusions, as described in 
Chapter 25, the aggregates are usually few, and are usually made up of a small number of 
cells, rarely more than 20 or 25. Further, the aggregates of benign cells are usually arranged in 
a monolayer. Exceptions to this rule have been discussed in Chapter 25. When mesothelial 
cell aggregates are numerous and composed of a large number of cells, they mimic aggregates 
formed by malignant tumor cells. 

Many malignant tumors, principally adenocarcinomas of various primary origin, form cell 
aggregates, often composed of a very large number of cells. Such aggregates are 
usually three-dimensional, i.e., made up of several superimposed cell layers that cannot 
be brought into a single focus. Approximately round or spherical aggregates, corresponding 
to papillary projections, or aggregates forming gland-like structures with a central 
lumen (Fig. 26-4A.B), are particularly helpful in identifying adenocarcinomas. In cross- 
sections of these aggregates in cell blocks, a central lumen is often observed, 
documenting the glandular or tubular nature of these clusters (Fig. 26-4C,D). The name 
of “spheroids” or “hollow spheres” has been used by some observers to describe such 
clusters. 

Spriggs (1984), in a detailed light and electron microscopic study of cell aggregates in 
effusions, pointed out that 
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these commonly encountered cell clusters are actually elaborate, organized 3-dimensional 
structures. Spriggs divided the structures into three groups: papillary, tubulopapillary, and 
acinar (Fig. 26-5). On cross-section, the cells composing the clusters surround a lumen, form 
cell junctions, and often contain central deposits of collagen as supporting structures. 

The papillary and tubulopapillary clusters are provided with microvilli on their outer surfaces, 
whereas the acinar structures contain microvilli on the surface facing the lumen. Thus, the cell 
aggregates, far from being haphazard accumulations of epithelial cells, are, in fact, highly 
organized structures formed by benign or malignant cells, growing freely in effusions. 
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Figure 26-2 Scanning and transmission electron microscopy (TEM) of cancer cells 
in effusions. A Cluster of cancer cells from a metastatic ovarian carcinoma. Note 
innumerable microvilli on the surfaces of cancer cells. B. Breast cancer cell. Note shaggy 
appearance due to numerous slender microvilli. C. Lung cancer cell (adenocarcinoma). 
Short stubby microvilli are adjacent to long slender microvilli. D. Cell of ovarian carcinoma 
in TEM. Note innumerable microvilli of uneven size and configuration on the cell surface. 
(A * 2,300; B: * 4,600; C: * 6,000; D: * 18,600.) (Courtesy of Dr. W. Domagala, formerly 
of Montefiore Hospital, New York, NY.) 



Nuclear Features 

Nuclear Configuration, Size, and Shape 

As has been mentioned above, nuclear hyperchromasia and coarse granularity of chromatin, 
important landmarks of cancer cells in other media, may not be evident in effusions. The nuclei 

may be homogeneous and opaque and sometimes clear and transparent. 

R954 



1662/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



26 - Effusions in the Presence of Cancer 




Figure 26-3 Microvilli on the surface of cancer cells. A Alcohol fixation. B. Air-dried 
smear (oil immersion). The microvilli are better seen in the air-dried material. 



Still, most malignant cells in fluids have enlarged nuclei, corresponding to increased DNA 
content. In most but not all carcinomas, the nucleocytoplasmic ratio is modified in favor of 
the nucleus, particularly when compared with mesothelial cells (see Fig. 26 - 36 ). However, in 
some mucus-producing and keratinizing squamous cancer cells, the cytoplasm is 
abundant and the nucleocytoplasmic ratio may not be conspicuously abnormal. 




Figure 26-4 Spherical clusters characteristic of malignant mesothelioma and 
adenocarcinoma. A A large number of spherical clusters in pleural fluid in a 43-year-old 
man with malignant mesothelioma. B. High-power view of one of the clusters from A 
showing a spherical configuration of the cells forming the cluster. C. Cross-section of one 
of the spherical clusters showing formation of an empty (gland-like) space within the 
cluster. D. Acell block from another case showing the glandular arrangement of the cells of 
adenocarcinoma immunostained for low density keratin. 



The nuclear shapes of cancer cells in fluids are rarely abnormal. Most such cells display 

spherical or oval nuclei 
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with smooth borders. Occasionally, on closer scrutiny, an irregular nuclear outline may be 
observed and is of diagnostic assistance, particularly in malignant lymphomas, in the form 
of indentations or protrusions of the nuclear membrane. Another nuclear feature observed in 
malignant effusions, particularly in malignant lymphomas, is massive nuclear breakdown 
(apoptosis or karyorrhexis) that is virtually never seen in benign fluids (see Figs. 26-46, 26- 
47). 




Papillary Tubulo-papillary Acinar 



Figure 26-5 Spriggs' representation of cell clusters in effusions. The clusters are 
organized structures that may be either papillary with microvilli on the outer surface; 
tubulopapillary with microvilli on both surfaces; or acinar, with microvilli on the inner luminal 
aspect of the cluster. (Spriggs Al. The architecture of tumor cell clusters in serous 
effusions. In Koss LG, Coleman DV (eds). Advances in Clinical Cytology, Vol. 2. New York, 
Masson, 1984.) 



Nucleoli 

The presence of nucleoli is of capital diagnostic importance in the recognition of 
cancer cells in effusions. Except in keratinizing squamous carcinomas, large, 
irregularly shaped, single or multiple nucleoli are frequently observed in cancer cells 

(see Fig. 26-55). As described in Chapter 25, on rare occasions, enlarged nucleoli may 
occur in mesothelial cells, which then become an important source of error. 
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Figure 26-6 Abnormal mitoses in cancer cells in fluids. A Quadripolar mitosis in 
pericardial fluid with metastatic carcinoma. B. An abnormal metaphase in pleural fluid in the 
presence of a sarcoma. C. Abnormal mitosis in pleural fluid in metastatic carcinoma. D. 
Typical prophase in the nucleus of a cancer cell in pleural fluid ( AB,D : high magnification.) 



Mitoses 

Mitoses are very rare in benign fluids and, therefore, their presence should be 
considered as presumptive evidence of cancer. Abnormal mitotic figures, such as an 
increase in the number of chromosomes, multipolar mitoses or chromosomal lag (see 
Chap. 7), are one of the most reliable identifiers of cancer cells in effusions (Fig. 26-6A- 
C). Occasionally, the nuclear area is filled with 



chromatin granules, suggestive of a mitotic prophase (Fig. 26-6D). These findings are 
uncommon in benign cells and should also be considered as a possible presumptive 
evidence of a malignant tumor. 

However, as discussed in Chapter 25, we observed morphologically atypical mitoses in 
mesothelial cells in pleural fluid in the absence of cancer in two patients, out of many 
thousands examined. Papanicolaou, in his Atlas (1954), also mentioned two similar cases. It 
may be stated safely that such occurrences are extraordinarily rare and should not 
detract from the diagnostic value of abnormal mitotic figures, which very strongly 
suggest a malignant process. It is conceivable that chromosomal abnormalities observed in 
mesothelial cells in ascites in cirrhosis of the liver, discussed in Chapter 25, may account for the 
rare mitotic abnormalities observed in benign effusions. 

Multiple Sex Chromatin (Barr) Bodies 

As mentioned in Chapters 7 and 11, in female patients, two or more sex chromatin bodies 
in the same nucleus are virtually diagnostic of cancer because they document the 
presence of an abnormal chromosomal complement. This observation is particularly 
helpful in the diagnosis of some cases of metastatic mammary carcinoma, wherein the size 
of the cancer cells may be comparable to that of mesothelial cells or macrophages, and the 
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morphologic abnormalities are not pronounced (see Fig. 26-27B). Mesothelial cells and 
macrophages (histiocytes) have a single sex chromatin body, except in the extraordinary 
rare superfemales (karyotype 47, XXX). The multiplicity of sex chromatin bodies in cancer cells 
is sometimes difficult to ascertain because large chromocenters, located near the nuclear 
membrane, may be misinterpreted as Barr bodies. Thus, the shape and location of the sex 
chromatin body must be carefully assessed (for further discussion and description of sex 
chromatin bodies, see Chaps. 4, 7, and 21). 

Nuclear Cytoplasmic Inclusions (Orphan Annie Nuclei) 

Sharply demarcated clear areas within the nucleus, corresponding to cytoplasmic 
invaginations, have been observed in a variety of cancer cells, but mainly in cells of 
metastatic melanomas, thyroid cancers and pulmonary adenocarcinomas (see Fig. 26- 
55). We have never observed this feature in benign cells in effusions. 

ANCILLARY TECHNIQUES IN THE RECOGNITION OF CANCER CELLS IN 
EFFUSIONS 

Cytogenetics 

The finding of cells with abnormal chromosomal numbers and configuration has been 
shown to be diagnostic of cancer cells in effusions (Goodlin, 1961; Ishihara and 
Sandberg, 1963; Jackson, 1967). 

Benedict et al (1971) pointed out that a long acrocentric chromosome was often associated 
with metastatic malignant tumors, regardless of primary origin and histologic type. Miles and 
Wolinska (1973) compared the sensitivity of cytogenetic studies with light microscopic 
diagnoses in 58 cancer patients. In 38 patients, routine cytology disclosed cancer, whereas 
cytogenetic studies were positive in only 24 of these patients. However, in two patients, 
chromosome analysis disclosed an aneuploid chromosomal component, whereas routine 
cytology was negative. Cytogenetic studies in this group of patients may have been 
handicapped by prior treatment. In general, tissue culture technique is used to obtain a 
sufficient number of metaphases for cytogenetic analysis. Otherwise, a very large population of 
dividing cancer cells is required for a successful direct chromosomal analysis. 

The apparent exceptions to this rule are the observations by To et al (1981) and by Watts et 
al (1983) who observed abnormal chromosomal components in several ascitic fluids associated 
with liver cirrhosis and in one pleural effusion associated with pneumonia (see Chap. 25). 
Apparently, other disorders, such as rheumatoid arthritis or pulmonary embolus, may 
occasionally be associated with chromosomal abnormalities (summary in Watts et al, 1983). 
These studies did not include chromosomal banding. It would be of great interest to confirm 
these observations by contemporary cytogenetic techniques. 

With the introduction of molecular probes to various chromosomes, it became possible to 
determine chromosomal abnormalities by the technique of fluorescent in situ hybridization 
(FISH) in interphase nuclei. The principles of this technique are discussed in Chapter 4. The 
application of this technique to malignant mesotheliomas in effusions is discussed below 
(Granados et al, 1994). Florentine et al (1997) used probes to chromosomes 3, 8, 10, and 12 
to determine numerical chromosomal aberrations, and compared the results of 
chromosomal analysis with conventional cytology on ThinPrep (Cytyc Corporation, Boxborough, 
MA) slides of effusions with mixed results. Cajulis et al (1997) specifically identified difficult-to- 



1666/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 26 - Effusions in the Presence of Cancer 

classify “atypical” cells in previously stained smears in a variety of samples (including four 
effusions). They used the FISH technique to determine numerical aberrations of chromosome 
8. Cajulis observed chromosomal aberrations in most “atypical” cells but not in benign cells and 
considered the FISH technique with chromosome 8 to have a specificity of 100% and 
sensitivity of 83%. The reader is cautioned that the FISH technique requires a dedicated 
laboratory and that the molecular probes to individual chromosomes or their centromeres are 
expensive. Nonetheless, the results cited are most encouraging and suggest that the technique 
may prove to be very useful in determining the presence or absence of cancer in difficult cases. 

The results of FISH technique in cells in the urinary sediment are discussed in Chapter 23. 

A novel approach to the identification of cancer cells is the documentation of telomerase 
activity. Telomeres are the structures capping the ends of normal chromosomes. With each 
cell division, the telomeres become shorter, resulting in cell senescence. It is assumed that 
the enzyme telomerase is capable of synthesis of telomeres, thus conferring 
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immortality on cancer cells. Telomerase activity can be demonstrated by molecular biologic 
techniques or by immunochemistry using an in situ fluorescent assay and a telomere 
repeat amplification protocol (TRAP) (Ohyashiki et al, 1997). The test results in nuclear 
fluorescence in cancer cells whereas, in benign cells, the fluorescence is limited to the 
cytoplasm. Dejmek et al (2001) adopted this technique to cells in 16 effusions and claimed 
that the test was specific for cancer cells. Similar data were previously provided for cancer 
cells in the respiratory tract (Dejmek et al, 2000) and in urinary sediment (Ohayashiki et al, 

1998). However, Braunschweig et al (2001) denied any diagnostic value to the TRAP reaction 
because of frequent false-positive and false-negative results. 

DNA Measurements in Effusions as Tumor Markers 

Freni et al (1971) and Krivinkova et al (1976) were apparently the first groups of investigators to 
recognize the diagnostic value of DNA measurements by cytophotometry in the 
identification of malignant cells in effusions. The presence of cells with abnormal DNA 
content was well correlated with the presence of cancer. 

With the introduction of flow cytometry, the DNA measurements became more rapid and 
several groups of investigators reported abnormal DNA histograms in fluids containing 
malignant cells (Evans et al, 1983; Unger et al, 1983; Katz et al, 1985; Croonen et al, 1988). 

In a study from this laboratory, Schneller et al (1987) pointed out that static cytophotometry 
may disclose abnormal DNA values in cancer cells that are not revealed by flow 
cytometry. Further, some malignant tumors are diploid and have a perfectly normal DNAploidy 
that cannot be detected by any measurements. Agarwal et al (1991) observed that some benign 
tumors have an aneuploid DNA distribution. Thus, an abnormal DNA histogram usually (but 
not always) indicates the presence of cancer but a normal diploid histogram does not 
necessarily rule out cancer. For further discussion of cytophotometry and flow cytometry, see 
Chapters 46 and 47. 

Cytochemistry and immunocytochemistry 

Cells in effusions are the favored target of cytochemical and immunocytochemical 
investigations because of abundant cell populations and the ease with which multiple samples 
can be obtained in the form of smears, cytocentrifuge preparations (cytospins), cell blocks (cell 
buttons) or the newer methods of processing of liquid samples (ThinPrep). There are no 
specific cytochemical or immunocytochemical reagents that could distinguish benign 
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from malignant cells. The best effort along these lines was the use of an antibody to the 
mutated p53 molecule that is commonly expressed in human malignant tumors and practically 
never in normal tissues (see Chaps. 3 and 7). Mullick et al (1996) applied this antibody to 103 
effusions and reported positive staining in 55% of malignant tumors and none in benign 
controls. Otherwise, these techniques are sometimes helpful in distinguishing from each 
other tumors of diverse origins and type. 

The most useful cytochemical stains are mucicarmine that are frequently helpful in 
differentiating cancer cells from mesothelial cells, stains for the identification of pigments, 
such as melanin and some silver stains, all discussed in Chapter 44. The number of 
monoclonal antibodies tested on effusions is very large and the principal observations are 
discussed in Chapter 45. Hence, only a brief summary of the most useful antibodies is shown in 
Table 26-2. A multiple-well technique, which permits synchronous testing of several aliquots 
of cells with several monoclonal antibodies, was described by Guzman et al (1988). 

Regardless of results, the immunocytochemical observations must be considered a 
secondary mode of cancer cell identification that may sometimes enhance, but never 
replace, morphologic observations. 

Immunologic Response 

Another approach of current interest in the study of effusions is the relationship of various 
cell populations engaged in immune responses to cancer cells in effusions. 

Scanning electron microscopic studies by Domagala and Koss (1977) strongly suggested that 
cell contacts between lymphocytes and macrophages and between macrophages and 
cancer cells may occur in effusions (Fig. 26-7A). The latter relationship has since been 
confirmed in light microscopy. Cancer cells in contact with variable numbers of macrophages 
have been repeatedly observed (Fig. 26-7B). Phagocytosis of cancer cells, either by 
macrophages or by other cancer cells may also be observed (Fig. 26-7C). 

Domagala et al (1978, 1981) also studied the distribution of B and T lymphocytes in the 
peripheral blood and in effusions of patients with metastatic carcinoma of various primary 
origins. In most cases, there was a statistically significant increase of T lymphocytes in 
fluids with metastatic cancer. Similar observations have been made by Djeu et al (1976). 

Green and Griffin (1996) observed an increase in the subset of lymphocytes known as 
natural killer cells (identified by antibodies to CD16/CD56) in 14 of 15 patients with 
metastatic carcinomas in pleural effusions. However, mesotheliomas, lymphomas and 
leukemias did not show this abnormality. These observations were confirmed by Laurini et 
al (2000) who used flow cytometry with the same monoclonal antibodies in their studies. These 
reports suggest that immune mechanisms are operative in some effusions with metastatic 
cancer and that their further exploration may be of diagnostic and perhaps prognostic 
significance. 

IDENTIFICATION OF TUMOR TYPES 

The diagnosis of tumor types, such as adenocarcinomas, squamous carcinomas, tumors 
with endocrine function, malignant lymphomas, or sarcomas in effusions, is of 
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significant clinical value. This information may help in the determination of the organ of origin 
of the tumor and provide guidance to optimal treatment. The best chances of identification 
of tumor type occur when cancer cells form multicellular structures akin to those 
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observed in tissues or if fragments of tumor can be recognized in cell blocks. Other 
identification options are based on cell relationships and identification of cell products. 

The three most common types of tumors encountered in effusions are: adenocarcinomas, 
poorly differentiated carcinomas of various origins, and small cell tumors. Less often, 
keratinizing squamous carcinoma may also be recognized. Many of the features of 
malignant cells described above may serve to identify tumor types. 



TABLE 26-2 MONOCLONAL ANTIBODIES USED ON EFFUSIONS 
Antibody Purpose 



Keratin: AE1/AE3 


To distinguish carcinoma from other types of tumors. 


Common lymphocyte 
antigen: LCA 


To mark lymphoid cells. 


Lymphocyte markers: 
CD3 


In combination with CD 20, to distinguish lymphoma from 
reactive lymph node. 


Lymphocyte markers: 
CD20 


In combination with CD 3, to distinguish lymphoma from 
reactive lymph node. 


Endocrine markers: 
Synaphophysin 


For neuroendocrine tumors. 


Endocrine markers: 
Chromogranin 


For neuroendocrine tumors. 


Calretinin 


To distinguish mesothelial cells from other epithelial cells. 


HMB45 


To favor melanoma. 


Intermediate filament: 
Vimentin 


For mesenchymal lesion, and in combination with AE1/AE3 
for renal cell carcinoma. 
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Figure 26-7 Macrophages and phagocytosis in cancer. A Scanning electron 
micrograph showing an extension of the cytoplasm of a macrophage onto the surface of a 
cancer cell identified by microvilli. B. High magnification view of a large cancer cell 
surrounded by macrophages, corresponding to the scanning electron microscopy image 
shown in A C. Phagocytosis of cancer cells, presumably by other cancer cells. This cell 
arrangement is not uncommon in cancer but may also occur in cirrhosis of the liver. 



Adenocarcinomas 

Adenocarcinomas of various origins are by far the most common type of tumors encountered 

in effusions. The common features of adenocarcinomas in fluids are: 
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■ The tumor cells form gland-like or tubular structures with a central lumen (see Fig. 

26-4). 

■ Tumor cells forming multilayered, spherical or oval cell clusters, suggestive of 
papillary growth, also known as “spheroids” or “hollow spheres” (see Fig. 26-4A,B). In 
paraffin-embedded cell blocks, cross-sections of such clusters usually reveal 
glandular features of adenocarcinoma (see Fig. 26-4C,D). 

■ Single cells of adenocarcinoma may be recognized if they are of columnar 
configuration because such cell types practically never occur in other tumor types. 

■ Signet ring cancer cells, with an abnormal nucleus displaced to the periphery by a 
large mucus vacuole (see Fig. 26-41). It is important to emphasize that the mere 
presence of cytoplasmic vacuoles is not diagnostic of adenocarcinoma, unless the 
nuclei of these cells display malignant features and the presence of mucus can be 
documented. Cytoplasmic vacuoles may occur in tumor cells of various types and in 
benign cells such as macrophages (see Chap. 25 and Fig. 25-41). 

Other cell features may identify adenocarcinomas of specific origins, described below. 

However, there will always remain a group of metastatic poorly differentiated adenocarcinomas 

in which a specific identification of tumor type will prove difficult (see below). 
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Poorly Differentiated Carcinomas, Large-Cell Type 

Effusions containing cells of poorly differentiated carcinomas are easily identified as 
malignant but the identification of tumor type in effusions is often difficult, particularly 
the separation of a metastatic nonkeratinizing squamous (epidermoid) carcinoma from poorly 
differentiated adenocarcinomas of various origins. 

■ Depending on the primary tumor, the tumor cells vary in size. Within each fluid, 
however, the variability of the cell sizes is usually limited. 

■ The tumor cells are usually dispersed or form loosely structured, irregular clusters. 

■ Cross-sections of such clusters in cell blocks usually reveals solid tumors. The tumor cells 
have a fairly abundant cytoplasm that is usually transparent and basophilic. Still, 
cytoplasmic vacuoles may occur in some cancers, particularly of renal origin. 

■ The nuclei are usually large, sometimes of irregular configuration, and are often 
hyperchromatic and they often contain large, irregular, sometimes multiple nucleoli 

(see Fig. 26-32D). 

Small-Cell Tumors 

Tumors composed of small cells may be of epithelial origin such as oat cell carcinoma and 
related tumors and small cell tumors of the breast or of other derivation, such as malignant 
small cell tumors of childhood, or malignant lymphomas. The principal difficulty in the 
recognition of this group of malignant tumors in effusions is the small size of cancer cells that 
may be overlooked or mistaken for inflammatory cells. Once the hurdle of recognition is 
overcome, the cytologic presentation of these tumors is quite characteristic and is discussed 
and illustrated below. 

Keratinizing Squamous Carcinoma 

Well-differentiated, keratin-producing squamous cancers can be readily identified but are rarely 
observed in effusions. The reasons for this are not clear. Spriggs (1954), in discussing 
effusions in lung cancer, also pointed out the rarity of identifiable squamous carcinoma. The 
principal features of these cancers in fluids are: 

■ The presence of keratinizing squamous cells, regardless of nuclear structure. Quite 
often, the squamous cancer cells in effusions resemble normal squamous cells (see Fig. 
26-33). Contamination with squamous cells of the epidermis removed during the aspiration 
procedure is very rare and then it results in only a few such cells or actual fragments of skin 
epidermis. The one exception to this rule, cited in Chapter 25, was the exceptional case of a 
ruptured benign dermoid cyst of the mediastinum. 

■ The presence of anucleated squames of odd shapes and sizes. More commonly, the 
nuclei appear necrotic, shadowy, and pale (see Fig. 26-33A,B). 

■ Squamous pearl formation, when present, is absolutely diagnostic of this type of 
cancer (see Fig. 26-23). 

Mesotheliomas, neuroendocrine carcinomas, malignant lymphomas and other specific 
tumor types are discussed below in reference to organs of origin. 

PRIMARY TUMORS OF BODY CAVITIES 
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Mesotheliomas 

Classification 

Klemperer and Rabin (1931) were apparently the first to propose that tumors involving 
mesothelial surfaces may be either of mesothelial cell or connective tissue origin. This 
is consistent with the current consensus on the origin of these tumors (Battifora and 
McCaughey, 1994). 

The following simple classification of primary tumors of mesothelial lining is proposed, based on 
prior personal study of material from the Memorial Hospital for Cancer and Allied Diseases, and 
also adopted by Ratzer et al (1967). This classification is similar to that proposed by Battifora 
and McCaughey (1994). 

Tumors of mesothelial lining cells 

Benign 

Benign, reactive proliferations of mesothelial cells, mimicking mesothelioma 
Papillary mesothelioma 
Abdominal multicystic mesothelioma 
Malignant 

Carcinomatous (epithelial) mesothelioma and its variants 
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Tumors of supporting connective tissue 

Benign 

Fibrous pleural plaques. 

Fibromas (cellular or hyalinized) — often referred to as fibrous mesotheliomas 
Malignant 

Fibrosarcomatous mesothelioma 
Mixed tumor types 
Synovioma-like mesothelioma 

Anatomic Distribution 

Benign proliferations of the mesothelium may be observed on the surface of the visceral 

pleura as a reaction to pulmonary tumors, infarcts or, occasionally, other events, discussed in 
Chapter 25. Similar events may be sometimes observed in hernia sacks, tunica vaginalis testis 
and, rarely, other sites (see Chap. 33). 

Benign tumors of mesothelial cells are rare. The tumor most frequently observed is papillary 
mesothelioma that has been observed in the pleura, peritoneum, pericardium, and even the 
tunica vaginalis testis (Becker, 1976; Daya and McCaughey, 1990; Hoekman et al, 1996; Xiao 
et al, 2000; Butnor et al, 2001). The tumors are symptomatic, may be accompanied by 
effusions, and are observed mainly in younger patients without asbestos exposure. Favorable 
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outcome of surgical resection of the tumor was reported by Becker (1976), Sane and Roggli 
(1995) and Hoekman et al (1996). Butner et al (2001) reported less satisfactory outcome in 
some patients. Hejmadi et al (2003) reported a malignant transformation of one such tumor. 

Another unusual, apparently benign, tumor of the abdominal cavity is multicystic 
mesothelioma (Baddoura and Varma, 1990; Kampschoer et al, 1992). 

Carcinomatous (Epithelial) Mesotheliomas 
Epidemiology 

Exposure to asbestos fibers, as it occurred in shipyard workers during World War II, has 
been shown to be an important etiologic factor in the genesis of carcinomatous 
mesotheliomas and of lung cancer (reviews in Selikoff et al, 1965; O'Donnell et al, 1966; 

Wagner, 1991 ; Price, 1997; see also Chaps. 19 and 20). Not all types of asbestos fibers have 
the same pathogenetic significance. Long, thin crocidolite and amosite fibers, mined in 
South Africa, have a high level of association with pleural mesotheliomas. The 
association with chrysotile fibers mined in North America is low (reviews in McDonald and 
McDonald, 1980; Craighead and Mossman, 1982; Pisani et al, 1988; Mossman et al, 1990). 

Because the asbestos fibers are ubiquitous (see Chap. 19), their mere presence in lung tissue 
or the mesothelium does not necessarily lead to tumor formation. Benign pleural fibrous 
plaques containing asbestos fibers are found with greater frequency than mesotheliomas (Fig. 

26-8) (Rous and Studeny, 1970; Roggli and Pratt, 1992). 




Figure 26-8 Asbestos bodies in the pleura. A Elongated asbestos bodies embedded in 
pleural connective tissue. B. Ferruginous body digested from the pleura. 



Pleural carcinomatous mesotheliomas are, in many but not all cases, an occupational 
disease in people with a high level of exposure to carcinogenic asbestos. Thus, besides 
shipyard workers, miners of high-risk asbestos, and insulation workers, may develop the 
disease. Still, in a substantial proportion of patients, probably close to 25%, no occupational 
hazard could be identified (McDonald and McDonald, 1980; Petersson et al, 1984; Brochard 
et al, 1993; Pairon et al, 1994). The relationship of asbestos exposure to peritoneal 
carcinomatous mesotheliomas, papillary mesotheliomas, and fibrosarcomatous 
mesotheliomas is much less secure. 

The relationship of carcinomatous mesothelioma to asbestos exposure is illustrated by 
epidemiologic data. The peak of the disease in the United States was observed in the years 
1960-1990 affecting mainly World War II shipyard workers who were exposed to huge amounts 
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of asbestos fibers. In recent years, there has been a substantial drop in the frequency of this 
disease as the shipyard workers died out and stringent controls on industrial asbestos exposure 
have been instituted. Thus, Price (1997) projected that, in the year 2000, there will be about 
2,300 cases in men and 
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500 in women. Price also estimated that, over the next 50 years, the rate in men will diminish to 
equal that in women, at about 500 cases a year. 

At the time of this writing (2004), there are no reliable epidemiologic data on other types of 
mesothelial tumors. 

Simian virus 40 was proposed as another possible cause of malignant mesothelioma 
(Carbone et al, 1994, 1997). The virus was a contaminant of various vaccines. The large T 
antigen of the virus was alleged to be the oncogenic factor in the formation of these tumors (De 
Luca et al, 1997; Mulatero et al, 1999). Simsir et al (2001) were unable to document the 
presence of the viral antigen in the nuclei of cancer cells, either in mesotheliomas or other 
tumors. It is of interest that spontaneous peritoneal mesotheliomas of viral etiology occur in the 
golden hamster (Mehnert et al, 1974). 

Most people develop mesotheliomas in the sixth decade of life or later, but a case was 
described in an infant (Chu et al, 1989) and several in childhood (Grund and Miller, 1972; 

Kovalivker and Motovic, 1985). There is also a known familial occurrence of this tumor 
(review in Hammar et al, 1989). Papillary mesothelioma has been observed mainly in 
premenopausal women (Hoekman et al, 1996). 

With a few exceptions of anatomically limited malignant carcinomatous mesotheliomas 
successfully treated by surgery (Antman et al, 1985), the prognosis of the disease is rather 
grim, resulting in death within a year or two. An accurate cytologic diagnosis of a malignant 
mesothelioma early in the disease may, perhaps, contribute to salvage of these patients. It is of 
interest that, in some personal cases, the cytologic diagnosis of a carcinomatous 
mesothelioma was established in pleural fluid several years before the tumor became 
apparent and confirmed by biopsy. The slow evolution of some malignant 
mesotheliomas has not been emphasized in the literature. 

The most common primary site of malignant carcinomatous mesotheliomas is the 
pleura, followed by the peritoneum and, occasionally, the pericardium. Simultaneous 
or sequential involvement of two or all three body cavities by these tumors may occur 
(Sytman and MacAlpin, 1971; Ascoli et al, 1996). Primary carcinomatous mesotheliomas may 
also occur in hernia sacs, in the tunica vaginalis testis, and on the surface of the ovary 
(Parmley and Woodruff, 1974; Japko et al, 1982; Jones et al, 1995; Clement et al, 1996; 

Attanoos and Gibbs, 2000). 

Effusions as the First Manifestation of Mesotheliomas 
Pleural or pericardial effusions and ascites are the usual first manifestation of 
carcinomatous mesotheliomas. In my experience, effusions are exceptional as the first 
manifestation of benign mesothelial proliferations, pleural plaques or benign or 
malignant tumors of connective tissue origin. Pleural effusion was not observed in any of 
the patients with benign pleural tumors seen at the Memorial Hospital (Ratzer et al, 1967). Only 
1 of the 1 8 patients with benign mesothelioma of the pleura reported by Foster and Ackerman 
(1960) had pleural effusion. Most of these tumors were observed on chest radiographs. In 
sarcomatous mesotheliomas, effusions may occur late in the course of the disease. Only 
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one of the five patients with sarcomatous mesotheliomas had an effusion in the small series 
described by Klima et al (1976). Thus, an effusion as the first manifestation of disease, 
particularly in an elderly patient with a past history of occupational hazards, should 
raise the possibility of a carcinomatous mesothelioma. 

Histology 

Carcinomatous mesotheliomas are composed of large malignant cells with abundant 
eosinophilic cytoplasm and large but pale vesicular nuclei, forming glandular or tubular 
structures, often separated from each other by connective tissue septa. Papillary 
excrescences are commonly observed in tumor glands (Fig. 26-9A,B). Some mesotheliomas 
produce a great deal of hyaline connective tissue and have been singled out as desmoplastic 
mesotheliomas (Fig. 26-9C) (Battifora and McCaughey, 1994). Some mesotheliomas combine 
glandular and connective tissue features and are considered “mixed type” (Fig. 26-9D; and 
below). In my experience, the recognition of carcinomatous mesothelioma and its separation 
from primary bronchogenic or metastatic adenocarcinomas is easy in adequate tissue samples 
because of diagnostic clues that are often available on the mesothelial surface of the 
tumors: 

■ Mesothelioma in situ is an abnormality often observed in mesothelium of origin or adjacent 
to the main tumor, consisting of a layer of malignant mesothelial cells lining the surface. 

The cancerous cells, often arranged in a palisade, are larger than normal mesothelial 
cells, are frequently elongated, club or tennis racquet-shaped, and are attached by the 
narrow end to the surface of the organ; their nuclei are large and contain distinct, often 
multiple nucleoli (Fig. 26-1 OA). In abdominal tumors, mesothelioma in situ may be 
observed on the surface of the spleen capsule. Henderson et al (1998) suggested that 
the diagnosis of mesothelioma in situ should be limited to patients with documented invasive 
tumors, butwe have sometimes offered this diagnosis in the absence of invasive tumor under 
appropriate clinical circumstances. Mesothelioma in situ is often accompanied by marked 
proliferation of large mesothelial cells (Fig. 26-1 OB). 

■ The formation of delicate, spherical papillary structures on tumor surface (Fig. 26- 
10C). Sometimes, the mesothelial cells form papillary projections in which a central 
thin, branching core of connective tissue is lined with a single or double layer of 
oval, round, or slightly elongated eosinophilic cells of variable size. The similarity of 
these structures to a “Christmas tree” is sometimes striking. Transitions between the in situ 
changes and the papillary structures are frequently observed (Fig. 26-1 OD). 

Because these features are not always evident in small biopsies, carcinomatous 
mesotheliomas may be very difficult to differentiate from a benign mesothelial 
proliferation 
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on one hand and, on the other hand, from poorly differentiated bronchogenic 
adenocarcinoma or large cell undifferentiated carcinoma and occasionally metastatic 
tumors. Of special interest in the differential diagnosis of carcinomatous mesothelioma is 
mesothelial proliferation that may be observed in lung cancer (Yokoi and Mark, 1991) 
and a peripheral form of pulmonary adenocarcinoma with pleural fibrosis described by 
Harwood et al (1976) as a pseudomesotheliomatous carcinoma. In a recent review of this rare 
tumor, unilateral pleural effusions were observed in most of the 30 patients (M. Koss et al, 

1992). 
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Figure 26-9 Various aspects of carcinomatous mesothelioma. A,B. Typical tumor 
composed of sheets of large cells with large connective tissue septa. C. Tumor with a 
marked desmoplastic reaction. D. Tumor showing components of adenocarcinoma and 
spindle cell neoplasm, hence mesothelioma of mixed type. 



The US-Canadian Mesothelioma Reference Panel (Churg et al, 2000) listed a number of 
criteria separating benign from the malignant mesothelial proliferation but did not sufficiently 
stress the importance of clinical observations. As mentioned above, effusions are 
rarely observed as a primary event in benign lesions but are a dominant feature in 
carcinomatous mesotheliomas (M. Koss, 2001). The cytologic presentation of effusions is 
also of diagnostic help in many cases. Ancillary procedures helpful in the differential diagnosis 
are discussed below in reference to cytologic presentation of these lesions. 

Carcinomatous Mesotheliomas With Deciduoid Features 

There are several case reports of mesotheliomas with deciduoid morphology and generally 
poor prognosis. These uncommon tumors are, in part, composed of large cells with 
eosinophilic cytoplasm and central large nuclei, resembling morphologically the decidua. 

These tumors were initially observed in the peritoneum of young female patients (Talerman 
et al, 1985; Nascimento et al, 1994). Subsequent reports noted that such tumors may also 
occur in the pleura and even in the pericardium of older patients of both sexes 
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(Shanks et al, 2000; Reis-Filho et al, 2002). Serio et al (2002) reported two cases with long- 
term survival. 



1676/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



26 - Effusions in the Presence of Cancer 




Figure 26-10 Surface of malignant mesothelioma. A Typical in situ mesothelioma on 
the surface of the pericardium. Note the tennis racquet-shaped cells arranged in a 
palisade. B. Papillary proliferation on the surface of well differentiated carcinomatous 
mesothelioma. C,D. Papillary proliferations on the surface of other malignant 
mesotheliomas. 



Papillary Mesotheliomas 

These are uncommon and usually benign tumors composed of slender fronds of connective 
tissue lined by one or two layers of morphologically normal mesothelial cells (Daya and 
McCaughey, 1990; Hoekman et al, 1996; Butnor et al, 2001). The tumors are usually 
symptomatic and occur mainly in the peritoneum but may also be seen in the pleura and even 
the pericardium (Becker et al, 1976). A malignant transformation of one such tumor was 
reported by Hejmadi et al (2003). 

Multicystic Peritoneal Mesothelioma 

Several cases of this very rare disorder have been reported. The cysts are lined by 
morphologically normal mesothelial cells (summary in Weiss and Tavassoli, 1988; Alvarez- 
Fernandez et al, 1989; Kampschoer et al, 1992). The disease must be differentiated from other 
cystic tumors of the abdominal cavity, notably of ovarian origin. The neoplasm appears to be of 
low grade, capable of recurrence, but consistent with long-term survival. 

Cytology 

An accurate assessment of effusions, which are often the first evidence of disease, is of 
paramount importance in the diagnosis of carcinomatous mesothelioma. The tumors often, but 
not always, shed abundant malignant cells. Although these cells occur singly, the 
dominant feature is often the presence of numerous spherical cell clusters (see Figs. 
26-4A-C, 26-11). The clusters are three-dimensional, often show scalloped edges, and thus 
resemble mulberries. The term “morulae” is in common use in describing such clusters. The 
morulae are often superimposed on each other, forming complex clusters similar to 
overlapping circles (see Fig. 26-1 7A). The “morulae” are usually larger and more 
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complex than any clusters of benign mesothelial cells observed in this laboratory. 

Occasionally, the clusters contain a central core of connective tissue (Fig. 26-1 1C). In the 
presence of numerous 3-dimensional, mulberryshaped papillary clusters of cells in an 
effusion of a patient without a known primary cancer, the diagnosis of a carcinomatous 
mesothelioma should be considered. 

Single cancer cells are usually larger than normal mesothelial cells which they may 
closely resemble because of abundant, occasionally faintly vacuolated cytoplasm, often with 
a distinct, clear periphery and denser 
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perinuclear area (Figs. 26-1 2C, 26-1 3B,C). Sometimes cytoplasmic vacuoles may occur (Fig. 

26-14A). The nuclei, which are usually single but may be double or, rarely, multiple, are 
enlarged and may show irregular contour. The nuclei are sometimes hyperchromatic, 
but more often open and vesicular and may contain a variable number of large, 
sometimes irregularly shaped nucleoli. The nucleocytoplasmic ratio is not necessarily 
shifted to the nucleus because of the large cytoplasmic area. Another feature of carcinomatous 
mesothelioma that is sometimes helpful is the presence of long microvilli on the surface of 
the tumor cells. The microvilli may be seen under the high power of a light microscope and 
are better visualized in air-dried preparations, where the cells are spread on the surface of the 
slide before fixation (see Figs. 26-3, 26-13C). Electron microscopy usually reveals long, 
complex microvilli on the surfaces of cancer cells (see Fig. 26-18). 



A 



C 





D 



Figure 26-11 Carcinomatous mesothelioma. A Numerous papillary clusters in the 
pleural fluid of a 20-year-old man. B. Papillary clusters of cells, stained with May- 
Grunwald-Giemsa. C. Cross-section of one of the papillary clusters in a cell block, with a 
core of connective tissue and periphery composed of tennis racquet-shaped malignant 
cells. D. Papillary clusters of an epithelial mesothelioma giving a positive (brown) 
immunoperoxidase calretinin stain. 



Calcified bodies, similar to psammoma bodies, were seen on several occasions (Fig. 26- 
14B). Mitotic figures, some abnormal, are often observed and, with very rare exceptions, 
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confirm the diagnosis of a malignant tumor. 

In some cases, the tumor cells are only slightly enlarged when compared with normal 
mesothelial cells. The difficulty of differentiating such cells from benign mesothelial cells has 
been emphasized by other observers, notably Klempman (1962), Naylor (1963), and Benge and 
Grontoft (1964). Recent contributions on this subject do not provide any new information on the 
morphology of these cells (Granados et al, 1994; Renshaw et al, 1997). However, in my 
experience, in virtually every case of carcinomatous mesothelioma, one sees at least a few 
cells with nuclear and cytoplasmic abnormalities of a sufficient degree to make the 
diagnosis of a malignant tumor possible. 

Differences Between Carcinomatous Mesotheliomas of the Pleura and the 
Peritoneum 

In 1982, Boon et al compared the cytologic presentation of primary pleural and peritoneal 
mesotheliomas. She noted, in air-dried, Giemsa-stained smears, that the cytoplasmic 
area of the pleural mesothelioma cells was smaller and contained few cytoplasmic 
vacuoles. Many of the cells of the peritoneal mesotheliomas were larger and 
characterized by numerous perinuclear vacuoles. Other features, such as cluster 
(morulae) formation were similar for both tumor types. Further analysis of the cytoplasmic 
vacuoles was provided by Boon et al in 1984. The vacuoles in malignant mesothelioma cells 
stained for 
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fat, but not for mucin, contrary to vacuoles in metastatic cancer. It was also acknowledged that 
the vacuolated appearance of mesothelioma cells was much easier to observe in air-dried, 
Giemsa-stained material than in fixed, Papanicolaou-stained smears. In our experience, small 
cytoplasmic vacuoles may also be observed in pleural tumors (Figs. 26-1 3B,C, 26-1 4A). We 
have also observed these features in a case of a mesothelioma of tunica vaginalis testis (see 
below). 




Figure 26-12 Malignant mesothelioma of the pleura in a 54-year-old woman without 
asbestos exposure. A Two large papillary clusters known as “morulae.” B. A single large 
3-dimensional papillary cluster in the same fluid. C. Markedly atypical mesothelial cells with 
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larger than normal nuclei and small nucleoli. D. Epithelial mesothelioma involving the 
diaphragm. The tumor was resected, and the patient survived disease-free for 5 years. 



Rare Sites 
Pericardium 

Primary malignant mesothelial tumors of the pericardium are exceedingly rare and only a few 
such cases are on record (review in Warren, 2000). We have seen several cases, mainly in 
consultation. The dominant symptom in such patients is recurrent pericardial effusion that 
may lead to tamponade. The cytologic presentation is identical to that of pleural 
effusions, described above (Fig. 26-15). Although the possibility of cure is remote, the best 
therapeutic option is total pericardiectomy. It is of interest that mesothelioma in situ is readily 
observed on the mesothelial (inner) surface of the pericardium (Fig. 26-1 5D). 

Ovary 

These rare tumors have a histologic and cytologic presentation of carcinomatous 
mesothelioma, except for their primary presentation on the ovarian surface (Parmley and 
Woodruff, 1974; Nicosia and Nicosia, 1988; Clement et al, 1996). In a few personally observed 
tumors of ovary with ascites, the diagnosis of mesothelioma could be suggested on cytologic 
grounds and confirmed by histology (Fig. 26-16). The differential diagnosis in such cases 
includes serous cancers of ovary or of peritoneum. As discussed below, the level of cytologic 
abnormalities in such cases is significantly higher than in mesotheliomas. 

As a rule, the ovarian mesotheliomas do not invade the ovary, but envelop its surface. A 
mesothelioma in situ can be observed on the ovarian surface, confirming the 
diagnosis. Primary ovarian mesotheliomas must be differentiated from abdominal 
mesotheliomas enveloping the ovaries and other primary ovarian tumors of a similar 
configuration, discussed in Chapter 16 (Lindeque et al, 1985; Clement et al, 1996). Of 
particular importance in the differential diagnosis are the primary ovarian or extraovarian 
serous papillary carcinomas that may mimic mesotheliomas in fluids (Dalrymple et al, 1989; 

Raju et al, 1989; Tauchi et al, 1996). 
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Figure 26-13 Pleural mesothelioma in a man age 60. A Complex papillary cluster of 
mesothelial cancer cells. B. Markedly atypical mesothelial cells with vacuolated cytoplasm 
mimicking macrophages. C. High magnification showing a single cancer cell with multiple 
nuclei and surface microvilli. D. Biopsy of pleura showing a well-differentiated papillary 
mesothelioma. 




Figure 26-14 Abdominal carcinomatous mesothelioma. A Cluster of malignant cells 
with markedly vacuolated cytoplasm. B. Spherical cluster of mesothelial cells containing a 
psammoma body. C. Isolated large mesothelial cancer cells in a background of 
inflammation. D. Biopsy showing malignant mesothelioma infiltrating the intestinal serosa. 
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Figure 26-15 Mesothelioma of pericardium. A Complex papillary clusters of cancer 
cells seen in a Papanicolaou-stained smear. B. The formation of glandular spaces in the 
cell block. C. Surface of the pericardium showing multiple papillary clusters. D. Adjacent 
pericardium showing typical mesothelioma in situ with tennis racquet-shaped cancer cells 



Attanoos and Gibbs (2000) described four patients with carcinomatous mesothelioma occurring 
within the ovary, without surface involvement. The identity and origin of such tumors clearly 
requires further scrutiny. 

Tunica Vaginalis Testis 

The first primary cytologic diagnosis of a malignant carcinomatous mesothelioma of tunica 
vaginalis testis was reported by Japko et al (1982). The cytologic presentation of hydrocele 
fluid in a 28-year-old man with a history of exposure to asbestos was a paradigm of this disease 
(Fig. 26-17AD). Numerous spherical, often overlapping, mulberry-shaped cell clusters 
(morulae), composed of atypical cells of mesothelial type, were noted. Single malignant cells 
of mesothelial type with obvious nuclear abnormalities were also present. It may be noted 
that the cytoplasm of the cancer cells contained numerous small perinuclear vacuoles, 
in keeping with Boon's observations pertaining to malignant mesothelioma of peritoneal origin 
(see above). Numerous calcified psammoma bodies were present in some of the cell 
clusters. 

Histologic examination documented papillary growth on the surface of the resected tumor (Fig. 
26-1 7E). Transition of normal mesothelium to abnormal mesothelium was observed as was the 
presence of calcified bodies. Invasion of lymphatics was also observed. The tumor gave a 
positive immunoreaction with a monoclonal antibody to mesothelial cells, kindly provided by Dr. 
G. Singh of the University of Pittsburgh (Fig. 26-1 7F). On electron microscopic examination, 
numerous long surface microvilli were observed on tumor cells (Fig. 26-18). A case similar to 
ours was reported by Ahmed et al (1996). Ascoli et al (1996) reported a case of carcinomatous 
mesothelioma of tunica vaginalis testis in a patient who also had biphasic malignant 
mesothelioma of the pleura and a carcinomatous mesothelioma of the abdominal cavity. 
Attanoos and Gibbs (2000) described three patients with carcinomatous mesotheliomas 
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occurring within the testes without involvment of the tunica vaginalis. As commented 
above in reference to similar tumors of the ovary, the identity and origin of such tumors is 
puzzling. Plas et al (1998) noted that very few cases of mesothelioma of the tunica vaginalis 
are diagnosed preoperatively in an early stage with resulting poor prognosis in advanced 
tumors. 

Unusual Cytologic Presentations 

Spriggs and Grunze (1983) described three cases of pleural mesothelioma with foamy, 

macrophage -I ike cells and 
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vacuolated cells, similar to changes attributed by Boon et al to peritoneal lesions. We have 
also observed such cells in pleural mesotheliomas (see Fig. 26-13B). Acase of a malignant 
pleural mesothelioma with macrophages and vacuolated signet ring-type cells was described 
by Gaffanti and Falen (1985). The presence of vacuolated cell forms may render the 
differential diagnosis from metastatic cancer (including the very rare signet ring-type 
lymphomas) very difficult. A malignant mesothelioma mimicking squamous carcinoma was 
described by Johnson and Edwards (2001). A malignant abdominal mesothelioma mimicking 
mucinous carcinoma of stomach was described by Cook et al (2000). 



A B 





Figure 26-16 Mesothelioma of ovary. A,B. Clusters of typical cells of malignant 
mesothelium in ascitic fluid. C. Papillary proliferation on the surface of the ovary, typical of 
ovarian mesothelioma. D. The tumor focally infiltrated the surface of the ovary. 



Gillespie et al (2001) and Reis-Filho et al (2002) described the cytologic features of 
mesothelioma with deciduoid features. In keeping with histology of this tumor, the dominant 
cells were large epithelial cells with eosinophilic cytoplasm and single or double large, 
pleomorphic nuclei with prominent nucleoli. In such rare cases when the precise cytologic 
diagnosis cannot be rendered, a surgical biopsy occasionally may be helpful. It must be 
stressed, however, that these are exceptional cases and that in most situations the cytologic 
presentation of carcinomatous mesothelioma is classical, as described above. 
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Another point of differential diagnosis pertains to nodular histiocytic hyperplasia, a benign 
nodular lesion of pleura composed of macrophages that may be accompanied by effusions. In 
cell blocks of such effusions, the spherical macrophages may form irregularly shaped loose 
clusters of cells with clear cytoplasm that may mimic clusters of mesothelial cells in 
mesotheliomas or, for that matter, metastatic carcinomas (Choi and Song, 2001). Naylor 
(2002) thought that the cell aggregates are bound together by bands of fibrin. 

Ancillary Procedures in Diagnosis 
Immunocytochemistry 

With the introduction of immunologic techniques, large batteries of monoclonal and polyclonal 
antibodies were tested to refine the separation of carcinomatous mesotheliomas from other 
primary- or metastatic adenocarcinomas (summaries in Bedrossian, 1994; Roggli et al, 1992; 

Battifora and McCaughey, 1994; Leers et al, 1998; Ordonez, 1999, 2003; Cury et al, 2000; 

Davidson et al, 2001; Carella et al, 2001; Miettinen and Sarlomo-Rikala, 2003, Attanoos et al, 

2003). The issue is discussed at length in Chapter 45, but the dilemmas have not been solved. 

As an example of the problem, carcinoembryonic antigen (CEA) and monoclonal antibodies to 
epithelial membrane antigen (EMA) were reported 
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as expressed in metastatic tumors, but not in mesothelioma (Battifora and Kopinski, 1985; 

Dewar et al, 1987). However, Walz and Koch (1990) documented positive staining with EMA 
and CEA in 8 of 43 mesotheliomas. In a recent review of immunochemical reactions to keratin, 
p53, and epidermal membrane antigen, no significant differences were observed between 
benign epithelial proliferations and carcinomatous mesotheliomas. Miettinen and Sarlomo- 
Rikala (2003) observed a positive reaction to several “mesothelium specific” antibodies in 
several variants of bronchogenic carcinoma. A monoclonal antibody, allegedly specific for 
mesothelial cells (provided by Dr. G. Singh), has been successfully used by us in a case of a 
mesothelioma originating in the tunica vaginalis testis (Japko et al, 1982) (Fig. 26-19F), but its 
diagnostic value has not been further documented. 
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Figure 26-17 Mesothelioma of tunica vaginalis testis in a 28-year-old man, first 
diagnosed by cytology. A Multiple complex papillary clusters of cells superimposed on 
each other. B. Higher magnification of one of the clusters showing a surface composed of 
large mesothelial cells. C. Cell-in-cell arrangement of atypical mesothelial cells. D. Papillary 
cluster with a large psammoma body. E,F. Various aspects of the mesothelioma, which is 
stained with immunoperoxidase-labeled antibody in F, believed to be specific for 
mesothelial cells. (Kindly provided by Dr. G. Singh, University of Pittsburgh.) 



Lack of specificity of the available reagents is discussed once again in an elaborate study by 
Ordonez (2003) who 
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tested a very large number of antibodies, none of which was either specifically positive or 
specifically negative for mesotheliomas. This author recommended that a panel of two 
“positive” markers, such as calretinin (see Fig. 26-11 D) and cytokeratin 5/6, and two “negative” 
markers, such as CEAand MOC-31 , offer the best diagnostic options. 
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Figure 26-18 Electron micrograph of tumor cells of mesothelium of tunica vaginalis testis 
showing numerous, often swollen microvilli on cell surfaces. The tumor cells were bound to 
each other by desmosomes. (x 12,400.) (Japko L, et al. Malignant mesothelioma of the 
tunica vaginalis testis; report of first case with preoperative diagnosis. Cancer 49: 1 1 9-127, 
1982.) 




Figure 26-19 Sarcomatous mesotheliomas. Two examples of sarcomatous 
mesothelioma with spindly cells obtained on aspiration biopsy. In A, the cells form a long 
sheet whereas in C, they appear singly. B,D. Corresponding tissue patterns. 



In my experience, the simplest procedure differentiating carcinomatous mesothelioma from 
other malignant tumors is the inexpensive mucicarmine stain, which is negative in 
mesotheliomas, but often positive in pulmonary adenocarcinoma, or adenocarcinomas 
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metastatic from a distant site. Regardless of the technique used, the availability of cell 
blocks is very helpful in such ancillary studies. 

Ultrastructural studies may disclose differences between primary pulmonary adenocarcinoma 
and carcinomatous mesothelioma. Features of Clara cell or pneumocytes type II (see Chap. 19) 
are not seen in mesotheliomas. On the other hand, cells of mesotheliomas are often provided 
with abundant, long anastomosing surface microvilli of irregular configuration (see Figs. 

26-1 , 26-18) that may make contact with collagen fibers across the defective basement 
membrane (Dewar et al, 1987). The microvilli on the surface of other cancer cells are usually 
much shorter. 

Cytogenetics 

Losses of the short arm of chromosome 1 (del. Ip), short arm of chromosome 3 (del.3p), and 
long arm of chromosome 22 (del.22q) appear to be fairly constant cytogeneticabnormalities in 
carcinomatous mesothelioma (Gibas et al, 1986; Bello et al, 1987; Flejter et al, 1989). Losses of 
the long arm of chromosome 6 (del.6q) and short arm of chromosome 9 (del.9p) were reported 
by Taguchi et al (1993). 
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Cytogenetic analysis of fluids in suspected cases of carcinomatous mesotheliomas yielded 
excellent results and was particularly helpful in situations where the cytologic findings were 
equivocal (Granados et al, 1994). 

Cytology of Benign Tumors of Mesothelium 
Papillary Mesothelioma 

In 1976, Becker et al reported a case of “mesothelial papilloma” diagnosed in pericardial 
fluid in a 34-year-old male who did well postoperatively. There is little doubt that today this 
tumor would be classified as a papillary mesothelioma. Becker et al reported the cytologic 
findings as mimicking carcinomatous mesothelioma and the illustrations confirm it. There 
are two other case reports of cytology of this uncommon tumor known to us. Jayaram and 
Ashok (1988) reported the presence of papillary clusters of round tumor cells with eccentric, but 
otherwise unremarkable nuclei in peritoneal fluid in a young woman. The treated patient was 
free of disease 5 years later. Haba et al (2003) described another case of peritoneal tumor in a 
48-year-old woman and reported similar findings. It is quite evident that the cytologic 
presentation of papillary mesothelioma may mimic carcinomatous mesothelioma. 

Muiticystic Peritoneal Mesothelioma 

In a case reported by Baddoura and Varma (1990), large sheets of benign mesothelial cells 
were observed in fluid drained from the cysts. After surgical removal of the tumor, the 
patient remained well for 7 years after the onset of symptoms. Another case, with very similar 
cytologic findings, was reported by Devaney et al (1992). Long-term survival has been noted in 
other patients (Kampschoer et al, 1992). 

Fibrosarcomatous Mesotheliomas 

The relationship of fibrosarcomatous mesotheliomas to asbestosis is questionable. The tumors 
are often discovered on routine chest x-ray or because of respiratory symptoms or chest pain. 

Effusion as the first manifestation of disease is uncommon, contrary to carcinomatous 
mesothelioma. Personal experience suggests that the results of treatment of fibrosarcomatous 
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mesothelioma are probably much better if the tumor can be removed by surgical procedures. 

Histology 

These vary in configuration from a well-differentiated fibrous tumor resembling a fibroma 
to tumors resembling fibrosarcomas. Bundles of elongated, malignant, but sometimes 
deceptively benign-looking spindly cells, are usually observed (see Fig. 26-19B,D). Some 
of the tumors may have a less compact structure with intervening areas of loose connective 
tissue (Fig. 26-20B). Islands of benign mesothelium are sometimes trapped within such tumors. 

In contrast to carcinomatous mesothelioma, we have never observed a mesothelioma in situ 
associated with one of the fibrous tumors. In our experience, the prognosis of the spindly cell 
tumors, most of which occur in the pleura, is unpredictable. Some of the seemingly orderly 
tumors metastasized widely (see Fig. 26-19) while other tumors with a more ominous histologic 
pattern were apparently cured by surgical excision. 

As has been emphasized above, this type of tumor is almost never associated with a 
primary effusion. Furthermore, if effusion does occur later in the course of the disease, it 
rarely contains cancer cells. In most instances, the diagnosis of sarcomatous mesothelioma 
has been established on direct fine needle aspiration (FNA) of pleural lesions or on tissue 
biopsy. A spindle cell malignant tumor of the diaphragm in an asbestos worker has been 
reported as a leiomyosarcoma by Dionne et al (1976). 

Cytology 

In material aspirated directly from the sarcomatous mesotheliomas, there is usually none 
of the diagnostic difficulty encountered with carcinomatous mesothelioma. However, the 
configuration of the spindly tumor cells may vary from quiescent-looking fibroblast-like 
cells (see Fig. 26-1 9A,C) to spindly, clearly malignant cells with large, hyperchromatic nuclei 
(see Fig. 26-20A.C). The spindly cancer cells often form sheets or whorls. 

Solitary Fibrous Pleural Tumors 

It is still a matter for debate whether circumscribed, solitary fibrous pleural tumors, some 
of which may display a histologic pattern of sarcoma, are benign or malignant. Briselli 
et al (1981) reviewed a large series of those cases. The mortality was 12%, regardless of 
histologic pattern. Effusions are extremely rare as the first manifestation of these 
tumors. It is of note, though, that hypoglycemia may be the primary clinical event in about 4% 
of these patients (summary in Roncalli et al, 1988). 

The presence of elongated, fibroblast-like cells characterized the tumors. 

Immunocytochemical reaction to antibody CD34 was reported as helpful in establishing the 
specific diagnosis (Apple et al, 1997; Ali et al, 1997; Waynand et al, 1998; Drachenberg et al, 

1998). Ali et al observed morphologic differences between benign and malignant tumors. The 
malignant tumors had a larger number of elongated cells with greater nuclear pleomorphism 
and prominent nucleoli. In the hands of these investigators, the CD34 feature was not always 
expressed by tumor cells. In our experience, the cytologic separation of the solitary fibrous 
tumors of the pleura from fibrosarcomatous mesotheliomas is morphologically very 
difficult (see Fig. 26-19). However, the clinical and roentgenologic presentation may help in 
further classification of the aspirate. Because in suitable patients most of these lesions will be 
treated by a surgical procedure, perhaps the most important role of cytology in the 
assessment of these tumors is to decide that the lesion is not a metastatic tumor or a 
carcinomatous mesothelioma, and thus clear the way for a surgical exploration. 
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Mixed Type of Malignant Mesotheliomas 

This rather uncommon variety of mesotheliomas resembles a biphasic malignant 
synovioma. These tumors are composed 
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of solid sheets of small, spindly cells with gland-like cavities lined by cuboidal cells 

(see Fig. 26-9D). In my opinion, this is possibly the only primary tumor of mesothelial surfaces 
in which a simultaneous participation of the epithelial and the connective tissue components 
may be reasonably proposed. 




Figure 26-20 Sarcomatous mesothelioma. A Sarcomatous mesothelioma in aspirated 
material showing elongated cancer cells, corresponding to the tissue section shown in B. In 
spite of the relatively benign appearance in the biopsy, the lesion recurred and 
metastasized widely. C. Another example of spindle cell mesothelioma, which recurred 
promptly after original surgical treatment. 



With this tumor type, effusions containing malignant cells have been observed. The 
cancer cells are usually spindly in configuration and are often accompanied by markedly 
atypical or clearly malignant, mesothelial cells. Admittedly, the specific diagnosis of this 
uncommon type of malignant mesothelioma in effusions is difficult but the malignant nature of 
the effusion is usually quite evident. 

Other Primary Malignant Tumor of Mesothelial Surfaces 

intraabdominai (and Intrapleural) Desmoplastic Small Cell Tumors 
This uncommon tumor has been fairly recently recognized as a lethal form of small cell 
cancer, affecting mainly, but not exclusively, young males in their teens or early 20s 
(Gerald et al, 1991). Although initially thought to be a neoplasm confined to the abdomen, 
similar tumors have been observed in other locations, such as the pleura (Wolf et al, 
1999). Ascites or pleural effusions are often the first manifestations of these tumors 
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and, therefore, their cytologic presentation is of significant clinical value. 

Histology 

The tumor is composed of small cancer cells arranged in irregularly shaped nests, that 
are separated from each other by broad bands of connective tissue. The tumor cells 
resemble small epithelial cells, have scanty but clearly evident cytoplasm, large nuclei 
with moderate-size nucleoli. Intense mitotic activity with many atypical mitotic figures is 
evident. Foci of tumor necrosis are commonly observed. Lymphocytic infiltrate is often seen 
(Fig. 26-21 ). Variants of this tumor with little desmoplasia have been described (Dorsey et al, 

1996). The tumors often but not always show a chromosomal translocation, affecting a 
break point on chromosome 11 (11 pi 3), that may be translocated to chromosomes 22 [t 1 1 ;22 
(p13q13)] or 17 (t 1 1 ; 1 7) resulting in a chimeric transcript known as EWS-WTI (summary in 
el-Kattan et al, 1995). The translocation links this tumor with poorly differentiated childhood 
tumors, globally known as “small round blue cell tumors.” Still, the size of the cancer 
cells and their cytoplasmic area in the desmoplastic 
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tumors is much larger than in the small cell tumors of childhood. Further, the 
desmoplastic tumors give a positive staining reaction to cytokeratin and desmin, a 

combination that is rarely, if ever, observed in the small cell tumors of childhood, which are 
discussed below. 




Figure 26-21 Abdominal small cell desmoplastic tumor. A,B. Low and high 
magnification of the cancer cells in a small cell desmoplastic tumor of the abdomen in a 25- 
year-old man. C. Tumor infiltrating the omentum. The customary chromosomal 
translocation was not present in this case. The patient died 3 months after diagnosis, in 
spite of intensive treatment. 



Cytology 

The tumors have been studied in aspiration biopsy (FNA) material and in ascitic and pleural 
fluids. In FNAsmears, el-Kattan et al (1995) described small tumor cells with uniform 
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nuclear structure and scanty, but visible cytoplasm. Ali et al (1998) reported on two such 
tumors in women and observed the presence of small cancer cells with very scanty 
cytoplasm and fragments of connective tissue stroma in the aspirate. Neither group of 
authors recognized specific cell features characteristic of the tumor and offered a wide 
spectrum of differential diagnoses with other small-cell tumors. 

Bian et al (1993) described the findings in smears and cell blocks of pleural fluid in a male 
patient with the tumor located in the pleura. The tumor cells formed three-dimensional 
clusters. The tumor cells, best seen in the cell block, had clearly abnormal, irregular nuclei 
with extensive mitotic activity. Dutt et al (2001) also described the ascitic fluid cytology of a 
desmoplastic small cell tumor of the abdomen as mimicking adenocarcinoma because of 
formation of three-dimensional papillary clusters. 

Our own limited experience matches that of Bian et al and Dutt et al. The tumors shed 
clusters of small cancer cells with clearly visible cytoplasm that have a much greater 
similarity to an epithelial tumor than the “small blue round cell tumors” of childhood 
(Fig. 26-21). In cells blocks, positive staining for keratin and desmin facilitates the 
classification of the tumor. When combined with clinical information, the diagnosis of this 
tumor in cytologic samples appears possible. At least the tumor should be considered in the 
differential diagnosis of abdominal and pleural neoplasms in young adults. 

Extraovarian Peritoneal Serous Papillary Carcinomas and Related Lesions 
These uncommon tumors of women may produce ascites wherein the cancer cells can be 
readily recognized (Dalrymple et al, 1989; Raju et al, 1989; Tauchi et al, 1996; see discussion in 
Chap. 16). The cytologic presentation of these tumors cannot be distinguished from 
that of metastatic serous carcinoma or borderline tumors of the ovary, discussed in 
Chapter 16 and below. The differential diagnosis includes other metastatic tumors of 
similar configuration, such as the uncommon uterine serous carcinoma (described in 
Chap. 13) and, more remotely, mesotheliomas. In effusions, the cells of primary serous 
carcinomas and borderline tumors form large flat cohesive sheets of cancer cells that 
do not resemble the “morulae” of mesothelioma (Fig. 26-22). Also, the relatively few 
single 
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cancer cells in such tumors do not resemble mesothelial cells. Still, the differential 
diagnosis can be difficult and knowledge of clinical data is essential to prevent errors. 
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Figure 26-22 Primary peritoneal serous carcinoma, no ovarian involvement. A,B. 
The very large papillary clusters of cells is ascitic fluid. C. One of the clusters under high 
power showing the makeup of the tumor of large but monotonous cancer cells. D. A section 
of the omentum showing infiltrating tumor. 



Pleural Thymoma 

We observed a case of primary thymoma located in the pleura in a middle aged woman with 
pleural effusion who was thought clinically to have a mesothelioma. The pleural fluid was not 
informative but a transcutaneous aspiration biopsy disclosed a classical pattern of thymoma 
composed of lymphocytes and epithelial cells. The diagnosis was confirmed on surgical 
specimen. The mediastinal thymus was identified on surgery and it was not involved. For further 
discussion of cytology of thymoma, see Chapter 37. 

Squamous Carcinoma 

Through the courtesy of the late Dr. M. Wilson Toll, we had the opportunity to observe a 
primary squamous carcinoma of the pleura developing in a tuberculous patient with an 
induced pneumothorax of many years' duration. In the pleural effusions, the cytologic 
presentation was that of a classic keratinizing squamous carcinoma with formation of 
squamous “pearls” and anucleated squames. At the time of autopsy, the tumor was shown 
to be derived from the squamous lining of the cavity created by pneumothorax. There was 
evidence of residual active tuberculosis. The tumor was present in the pleura and had 
metastasized to the heart and liver (Fig. 26-23). 

Primary Angiosarcoma of Pleura 

This very rare tumor was observed in a 60-year-old man who was free of AIDS and showed no 
evidence of Kaposi's sarcoma. In the pleural fluid, there were obviously malignant, 
elongated cells with large, hyperchromatic nuclei. The initial diagnosis of “malignant tumor, 
possibly a sarcoma” was confirmed on pleural biopsies and subsequent autopsy. The tumor 
formed vascular channels in fibrosed pleura and showed focal growth as a spindle cell sarcoma 
(Fig. 26-24). The tumor cells were negative for keratin but positive for factor VIII, confirming the 
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vascular nature of the neoplasm that metastasized widely shortly after the diagnosis was 
established. 

Primary Body Cavity Malignant Lymphomas in AIDS 

Primary malignant lymphomas of serous membranes (body cavity lymphomas), associated 
with effusions, have been recognized as a specific entity, associated with AIDS (Knowles et al, 

1989). Herpesvirus type 8, first identified in Kaposi's sarcoma in AIDS patients, was 
identified in these effusions (Chang et al, 1994; Cesarman et al, 1995). In some patients, the 
presence of Epstein-Barr virus (EBV) can also 
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be recognized (Knowles et al, 1989; Mansour et al, 1998). An antibody (LN53) that recognizes 
herpesvirus type 8 may serve to identify this type of lymphoma (Dupin et al, 1999). 




Figure 26-23 Primary squamous carcinoma of pleura arising in the lining of 
empyema cavity in a tuberculosis patient treated by pneumothorax for many 
years. A Squamous “pearl” or cell-in-cell arrangement, typical of squamous carcinoma in 
pleural fluid. B. Surface of the empyema cavity showing squamous metaplasia. C. 
Squamous carcinoma in the pleura with squamous “pearl” formation. The tumor 
metastasized widely. D. Residual pulmonary tuberculosis found in the lung at the time of 
the autopsy. 



By definition, the first presentation of these tumors is an effusion wherein cancer cells can 
be recognized. The clinical presentation and cytologic features of effusions are discussed with 
other lymphomas further on in this chapter. 

Primary Cardiac Lymphomas 

Primary lymphoma of the heart is virtually always accompanied by a pericardial effusion, 
wherein the cancer cells can be recognized (Curtsinger et al, 1989; Castelli et al, 1989; 
Chao et al, 1995). The disease can occur in heart transplant patients and its morphologic 
presentation is identical to that of a metastatic malignant lymphoma, described below in this 
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chapter. 

METASTATIC TUMORS 

The principles of recognition of malignant cells in effusions and their classification as to tumor 
type were presented in the opening pages of this chapter. In this segment, the cytologic 
presentation of specific tumor types related to organs of origin will be discussed. 

Mammary Carcinoma 

The histology of the principal types of mammary carcinoma is summarized in Chapter 29. 

Metastatic mammary carcinoma is, by far, the most common tumor associated with 
pleural effusions in women. It may also cause ascites and, occasionally, pericardial 
effusions. In most patients, there is a history of treated mammary carcinoma. However, there 
are rare instances when the primary site of cancer is unknown and the identification of the 
mammary origin of the tumor may be of diagnostic and therapeutic value. The cytologic 
confirmation of the mammary origin may also be of prognostic value because, in many 
instances, such effusions may be controlled by hormonal manipulation, chemotherapy, and 
radiotherapy. 

The cytologic presentation of mammary carcinoma depends to a significant extent on 
histologic tumor type and is quite variable. On first tap, the background of the smears is 
usually clean and free of inflammatory cells. On subsequent taps, there is often evidence 
of inflammation. In some patients, there is a massive proliferation of cancer cells, 
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suggestive of tissue culture pattern (Fig. 26-25). The clinical significance of this observation 
has not been established. 





Figure 26-24 Primary angiosarcoma of pleura. A,B. Elongated large cancer cells in 
pleural fluid. C. Vascular channels in the pleura of this patient at autopsy. D. Cell pattern of 
the tumor corresponding to the cytologic abnormalities shown in /land B. 



Cell size of mammary cancer cells may vary, with most tumors shedding medium size cells. 
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The larger tumor cells usually correspond to infiltrating duct carcinomas composed of 
large cells, and the less common medullary carcinomas. The metastases from infiltrating duct 
carcinoma with fibrous stroma (scirrhous carcinoma) and colloid carcinomas, usually 
produce medium-sized cancer cells. Papillary carcinomas rarely result in effusions. 

Effusions caused by infiltrating lobular carcinomas usually contain small cancer cells, 
which may be mucus-producing and resemble small signet ring cells with cytoplasmic mucous 
inclusions (see below). 

Breast carcinomas of the medium- or large-cell type are easily recognized as malignant in 
effusions because the cells have the classic features of metastatic adenocarcinomas, 
described in the opening pages of this chapter. In smears or liquid preparations, the 
cancer cells occur singly, but often form clusters of various sizes. The most characteristic 
feature is the presence of large, three-dimensional clusters of round, oval, or irregular 
configuration, wherein the cells are superimposed on each other (Fig. 26-26). In histologic 
sections of cell blocks, the large clusters often, but not always, have a glandular or tubular 
configuration with a central lumen. For this reason, some observers refer to such cell 
clusters as “spheroids” or “hollow spheres” (see Fig. 26-4C.D). Another common 
arrangement of mammary cancer cells is in a single file (Fig. 26-27), that may occur in any 
type of breast cancer, but is particularly valuable in the diagnosis of lobular carcinoma (see 
below). 

In smears, single cancer cells of metastatic duct carcinomas are often of similar sizes but 
there are many exceptions to this rule, particularly if the cells are multinucleated. The 
cytoplasm may be either homogeneous or containing vacuoles of various sizes (Fig 26-27A). 

The vacuoles often contain mucins. Surface microvilli or blebs may be occasionally observed, 
particularly in air-dried smears. The nuclei are often eccentric in location. The nuclear 
features of cancer are usually classic and comprise nuclear enlargement, granularity of 
the chromatin, prominent nucleoli and abnormal mitoses (Figs. 26-26, 26-27). The degree 
of hyperchromasia is variable. Sex chromatin bodies, single or multiple, may be readily 
identified in some of the cancer cells (Fig. 26-27B). The presence of multiple sex chromatin 
bodies practically assures the diagnosis of cancer, most likely of mammary origin, 
regardless of other cell features (for further discussion of prognostic significance of sex 
chromatin bodies in breast cancer, see Chap. 29). 

Cells of mammary cancers of small size usually reflect an underlying infiltrating duct 
carcinoma composed of small cells or a lobular carcinoma and are easily recognized in 
effusions if they form a “tissue culture” pattern or large spherical clusters similar to those 
described above. Such tumor cells may also form long chains of cancer cells arranged in a 
single file and, in my experience, are more often observed in carcinoma of the breast than in 
any other tumor corresponding to the arrangement of cells in tissues (Figs. 26-27C,D, 26-28). In 
such chains, the recognition of nuclear abnormalities, such as nuclear enlargement, 
hyperchromasia, or a peculiar rectangular configuration without molding, is usually easy 
(see Fig. 26-28B). The rectangular nuclei appear to be uniquely characteristic of 
mammary carcinoma cells forming chains. Mesothelial cells may occasionally form short 
chains that very rarely are composed of more than three to four cells with normal nuclei (see 
Chap. 25). Cancer cells of other primary origins than breast, notably metastatic ovarian 
carcinoma, may also form a chain-like arrangement, but the component cells are usually larger 
than in breast cancer, with the exception of oat cell carcinoma (see below). 
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Figure 26-25 Metastatic mammary carcinoma in pleural fluid. A,C. Marked 
proliferation of cancer cells in the pleural fluid corresponding to “tissue culture pattern.” 
B,D. Corresponding primary mammary cancer. 
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Figure 26-26 Breast cancer in effusions. Another example of breast cancer growing in 
an effusion. A Note a large vacuolated cancer cell. B. Small cluster of cancer cells. C. At 
high magnification, there is a large cluster of cancer cells; a mitotic figure is clearly visible. 
D. Mammary carcinoma of ductal type corresponding to the cytologic findings shown in A- 
C. 
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Figure 26-27 Various aspects of mammary carcinoma in effusions. A Several large 
cancer cells with vacuolated cytoplasm. B. High magnification showing a cancer cell with 
three Barr bodies (arrows). C. Single file arrangement of cancer cells corresponding to 
infiltrating duct carcinoma shown in D. 



Spriggs and Jerrome (1975) were the first to point out another characteristic feature of 
mammary cancer cells, notably their configuration in the form of small- or medium-sized 
signet ring-like cells with the nucleus pushed to the periphery. The cytoplasm of these cells is 
distended by large, mucus-containing vacuoles with a central eosinophilic inclusion. The 
inclusion was shown by electron microscopy to be an amorphous mass, later shown to be 
constituted by inspissated mucus, located within a cytoplasmic space lined by microvilli (Fig. 

26-29). In light microscopy, the single central intracytoplasmic “inclusions” are readily 
seen and give a strongly positive stain with mucicarmine (Fig. 26-28D). In air-dried, May- 
Grun-wald-Giemsa (MGG)-stained aspiration smears, the mucus inclusions stain purple or 
magenta and hence the name of “magenta cells” that some observers have applied to these 
cells. Other observers have named such cells “target cells.” Recently, Kumar et al (2000) 
claimed that similar cytoplasmic inclusions may occur in adenocarcinomas of other primary 
origin. While I cannot rule out this possibility, in my experience this appearance of cancer cells 
is uniquely characteristic of primary or metastatic mammary carcinoma, sometimes of 
ductal but usually of lobular type (see also Chap. 29). 

Exceptional cytologic patterns of mammary carcinoma may occur in metastatic colloid 
(gelatinous) carcinomas, where the effusion may contain mucus and tightly knit clusters of 
cancer cells, sometimes forming rosettes (Fig. 26-30A,B). In a very rare case of basaloid 
carcinoma of the breast, we observed large clusters of small cancer cells, similar to cells of 
oat cell carcinoma (see Chap. 29). 
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Figure 26-28 Lobular carcinoma in effusions. A-C. Documented case of infiltrating 
lobular carcinoma in pericardial fluid. The cell arrangement in single file with flattening of 
the nuclei is characteristic of this disease. B. Oil immersion. C. Histologic section of the 
primary lobular carcinoma corresponding to cells shown in /land B. D. Mucicarmine stain 
to demonstrate the presence of intracytoplasmic spherical vacuoles with central inclusions, 
forming so-called “target cells” in ascitic fluid. 



The greatest diagnostic difficulty with breast cancer in fluids occurs when single, dispersed 
cancer cells cannot readily be distinguished by size from mesothelial cells and macrophages. In 
such cases, a very careful analysis of morphologic details is required. The easiest task is 
the search for mitoses which, if present, strongly suggest that the cells are malignant. The 
search for nuclear abnormalities, notably coarse granulation of chromatin, the presence of 
enlarged nucleoli, and excessive number of sex chromatin bodies, usually confirm the 
diagnosis. Another diagnostic problem may occur if mammary carcinoma is synchronous with, 
or followed by, another epithelial tumor, particularly ovarian carcinoma, as it may 
happen in patients with a mutation of breast cancer genes 1 or 2 (see discussion in 
Chaps. 15 and 29). In such cases, in the absence of morphologic clues, deciding whether the 
effusion is caused by mammary or other adenocarcinoma may be exceedingly difficult without 
accurate clinical data. Breast cancer is more likely to cause a pleural effusion before 
ascites, whereas the opposite is true for ovarian and other abdominal cancers. 

Mammary cancer cells may also be tested for nuclear estrogen receptor molecules. 
Although the reaction is not absolutely specific, because other metastatic tumors, such as 
endometrial or ovarian carcinomas may also contain estrogen receptors, it is sometimes a 
useful adjunct to morphologic diagnosis. The specificity of HER2/neu gene expression in 
mammary carcinoma to my knowledge has not been tested in effusions. 

Prognostic significance of cytologic patterns of mammary carcinoma in effusions of women 
was studied by Towers and Melamed (1979), Wiley and Von Roenn (1990) and by Dieterich et 
al (1994). Towers and Melamed studied the cellularity of the smears, the presence of tumor 
cell clusters, the frequency of mitoses, and the presence of lymphocytes as an index of the 
patient's immune reaction to the tumor and failed to attribute any prognostic significance to 
any of the four factors studied. Quite contrary to these findings, the presence of spherical 
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(papillary) cell clusters in effusions (named “morulae” or “hollow spheres” by Wiley and 
Von Roenn and “spheroids” by Dieterich et al), particularly if the cancer cells contain 
estrogen receptors, was apparently associated with a better survival when compared with 
women with less well-organized cancer cells in effusions. Besides the presence of the 
“spheroids,” Dieterich et al also observed that low levels of nuclear atypia and low mitotic 
rate are favorable survival factors and recommended that these features should be reported. 
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Thus, there is a major difference between the Towers and Melamed observations from 1979 
and the two groups of authors writing over a decade later. It may be that the papers by Wiley 
and Von Roenn (1990) and by Dieterich et al (1994) reflect an improvement in therapy rather 
than other factors. 




Figure 26-29 Pleural fluid: metastatic mammary carcinoma. Electron micrograph of a cell 
showing an intracytoplasmic space lined by microvilli. Within the space a round, dense 
inclusion gives a positive stain for mucus. This appearance, both in light and electron 
microscopy, is very characteristic of mammary carcinoma, usually of lobular type. (Spriggs 
A Jerrome DW. Intracellular mucous inclusions: A feature of malignant cells in the serous 
cavities, particularly due to carcinoma of the breast. J Clin Pathol 28:929-936, 1975) 



Male Breast Cancer 

Effusions caused by metastatic mammary carcinoma in males are extremely rare. Four such 
cases were mentioned by Sears and Hajdu (1987). In a personally observed case, the cells in 
the pleural effusion were of large-cell type and could not be differentiated from duct carcinomas 
in women (Fig. 26-31). 
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Figure 26-30 Gelatinous (colloid) mammary carcinoma in fluids. A Pleural fluid with a 


papillary cluster of cancer cells in the pleural fluid. B. Corresponding tissue section. 



Bronchogenic Carcinoma 

For discussion of principal histologic types of bronchogenic carcinoma, see Chapter 20. 

Lung cancer is the most frequently observed cause of 
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pleural effusions caused by malignant disease in men, although a recent rapid increase of 
this disease in women has been documented (see Chap. 20). Pericardial effusions and ascites 
associated with lung cancer are much less frequent. The cytologic presentation depends on 
tumor type. 
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Figure 26-31 Mammary carcinoma in breast fluid from a male patient. A,B. Dispersed 
cancer cells. C. A papillary, spheroid cluster. D. Primary duct carcinoma which 
metastasized 1 year after resection. 



Keratinizing Squamous Carcinoma 
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The cytologic presentation of a primary squamous carcinoma in effusions was described above 
(see Fig. 26-23). The finding of squamous cells or “pearls” or of anucleated squamae is 
diagnostic of the disease, even in the absence of nuclear abnormalities (Fig. 26-32A-C). 

As discussed above, this tumor type is relatively rare in effusions, presumably because only 
viable cells survive and these have little tendency to keratin formation. Hoda et al (1998) 
described four cases of squamous lung cancer metastatic to the pericardium, resulting in 
cardiac tamponade in two patients and progressive heart failure in two others (Fig. 26-32C). 

The cytologic findings are the same when squamous cancer is primary in the larynx or 
esophagus. It is of interest that gastric squamous carcinomas may occur in horses and 
metastasize to the abdominal cavity, causing ascites. Through the courtesy of Dr. Jeffie Roszell 
of Tulsa, OK, we were able to examine the cell sediment in one such case and found 
remarkable similarity between the human and equine tumor presentation (Fig. 26-33). 

Poorly Differentiated Squamous (Epidermoid) Carcinoma, Large-Cell Type 
Marked cytoplasmic eosinophilia, as evidence of keratin formation that is helpful in 
identifying this tumor type in sputum is rarely evident in fluids. The cytoplasm of the cancer 
cells is, for the most part, thin, delicate, and transparent, and the nuclei are large, usually (but 
not always) hyperchromatic, and often display large nucleoli. The cells occur singly or in 
small clusters (Fig. 26-32). The diagnosis of a malignant tumor is usually easy but the exact 
identification of tumor type in fluids is rarely possible, except occasionally in cell 
blocks containing fragments of tumor. 

Adenocarcinoma 

This has become, by far, the most common type of lung cancer in effusions. It is characterized 
by large cancer cells, occurring singly but often forming multilayered clusters, 
sometimes with a papillary configuration, similar to clusters observed and described in other 
metastatic adenocarcinomas (see Fig. 26-32E). The tumor cells have no distinguishing 
features, except in the very rare cases when the tumor cells assume a cuboidal or columnar 
configuration with 
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one flat surface, suggestive of bronchial cell origin. The flat surface mimics the cilia- 
bearing terminal plate but cilia are not seen in light microscopy (Fig. 26-34). The nuclei have 
very large nucleoli and are usually somewhat less hyperchromatic than cells of epidermoid 
carcinoma. However, there remains a group of poorly differentiated adenocarcinomas 
which can easily be recognized as malignant but fail to display any of the features that make 
the recognition of tumor type possible. Psammoma bodies can sometimes be observed in 
effusions. In questionable cases, positive immunostaining for thyroid transcription factor 
(TTF1) may help in identifying the pulmonary origin of the tumor (Hecht et al, 2001). The 
differentiation of mesothelioma from peripheral pulmonary adenocarcinoma was discussed 
above. 
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Figure 26-32 Metastatic cancers of various types in pleural effusions. A-C. Examples 
of metastatic squamous carcinoma in pleural fluid from primary esophagus cancer (A) and 
from a primary lung cancer ( B ) shown in C. D. Poorly differentiated squamous carcinoma in 
pericardial fluid. E. Pulmonary adenocarcinoma (bronchioloalveolar carcinoma) in pleural 
fluid. 



Oat Cell Carcinoma 

Salhadin et al (1976), using fixed material stained with Papanicolaou stain, and Spriggs and 
Boddington (1976), using air-dried smears and May-Grunwald or Giemsa stain, nearly 
simultaneously reported on the specificity of the cytologic presentation of this tumor type in 
effusions. The cancer cells are small, with very scanty cytoplasm, usually forming small 
clusters of variable size. Although most cancer cells are approximately spherical, elongated 
cells may also be noted. The nuclei are markedly hyperchromatic and 
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the nucleoli are usually absent. Cell-in-cell configuration may occur (Fig. 26-35). 
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Figure 26-33 Ascitic fluid: metastatic squamous carcinoma of stomach in a horse. 

A,B. Extremely well-differentiated squamous cancer cells. C. Metastatic, very well- 
differentiated squamous carcinoma in omentum. (Courtesy of Dr. Jeffie Roszell, Tulsa, OK.) 



Perhaps the most characteristic feature of cells of oat cell carcinoma in effusions is the 
formation of short chains made up of flattened cancer cells of various sizes. These 
resemble a pile of coins of various denominations or a string of flat beads. Salhadin et al 
(1976) compared this presentation to the arrangement of vertebrae in spinal column, a most 
appropriate comparison (Fig. 26-35C). This arrangement of cells of oat cell carcinoma is 
somewhat similar to the single files observed in small-cell mammary carcinoma. 
Cytologically, the two tumors may be confused. However, the configuration of the nuclei and 
mucus production in mammary carcinoma separate it from oat cell carcinoma. In debatable 
cases, clinical history may shed light on the identity of the tumor. 
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Figure 26-34 Pleural fluid: metastatic bronchogenic adenocarcinoma (man, aged 
60). A Abundant growth of cancer cells forming tissue culture pattern. B. Note 
extraordinary resemblance of a metastatic malignant cell to bronchial epithelial cells. Note 
a terminal plate and, possibly, cilia on one surface. The nuclear abnormalities, especially 
the huge nucleoli, are clearly those of cancer. C,D. Other details of malignant cells: a cell- 
in-cell arrangement (C), and an atypical mitosis with chromosomal lag ( D ). Compare C 
with cell-in-cell arrangement of mesothelial cells in cirrhosis, shown in Figure 25-31 A ( B - 
D: High magnification.) 



Another important point of differential diagnosis is malignant lymphomas, which may also 
shed small cancer cells. As discussed in detail below, malignant lymphomas do not form 
structured cell clusters and the configuration of the nuclei is quite different. Further, 
visible nucleoli, which are generally absent in oat cell carcinoma, are common in 
lymphomas. 

Chhieng et al (2001) and Wu et al (2003) noted that 
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positive immunostaining for chromogranin A and thyroid transcription factor (TTFI) were useful 
in differentiating oat cell carcinomas from other small cell tumors in effusions. Oat cell 
carcinoma is a tumor of adults. Thus, age separates it from malignant tumors of childhood 
composed of small cells that may sometimes have a somewhat similar cytologic presentation in 
fluids, as discussed below. 
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Figure 26-35 Oat cell carcinoma in pleural effusions. A,B. Disorderly clusters of very 
small cancer cells. C. Classical presentation of this tumor at high magnification in the form 
of a chain of cells, similar to a string of vertebrae. D. The tissue section of the tumor 
corresponding to A-C. 



Carcinoma of Ovary 
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For discussion of pathology of these tumors, see Chapter 15. 

Following breast and lung cancer, ovarian cancer is the most frequent metastatic malignant 
tumor in women that gives rise to effusions, usually ascites. Pleural and, exceedingly rarely, 
pericardial effusions, may occur but are usually secondary to ascites or other evidence of 
tumor spread beyond the abdominal cavity. The exact identification of ovarian tumor type in 
effusions may be possible in some cases, although in most women a histologic diagnosis 
of tumor type is available. 

Serous Type of Ovarian or Extraovarian Carcinoma 

Cytology of primary serous carcinoma of the peritoneum is discussed above (see Fig. 26- 
22 ). 

The cytological presentation of metastatic serous carcinoma is usually less dramatic. In 
fluids, the pattern is that of a papillary adenocarcinoma made up of large cells, often 
accompanied by psammoma bodies that may be either incorporated into cell clusters or 
be isolated (Figs. 26-36, 26-37A.B). Surprisingly, in some of these tumors, the cytoplasm of 
cancer cells may show large vacuoles (Fig. 26-37C,D). This presentation is usually sufficiently 
characteristic in ascitic fluid to allow for specific diagnosis of serous carcinoma but does 
not differentiate between ovarian or extraovarian (peritoneal) origin. In the pleural fluid, 
the differential diagnosis includes bronchogenic carcinoma, carcinomatous mesothelioma, 
mammary carcinoma composed of large cells, and, rarely, adenocarcinomas of other 
origins (endometrium, kidney), all of which may have a similar cytologic configuration and 
occasionally form rare, single psammoma bodies. The presence of more than one 
psammoma body in a tumor composed of large cells usually speaks in favor of ovarian 
cancer. Another metastatic tumor that may form numerous psammoma bodies in pleural 
effusions is papillary thyroid carcinoma (see Fig. 26-43C). However, in this tumor, the cell 
clusters are composed of much smaller cells and the cells display other features, such as the 
intranuclear cytoplasmic inclusions, that allow for an easy differential diagnosis (see 
below). So far, we have never observed thyroid cancer in 
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ascitic fluid. Still, an accurate clinical history is helpful in the differential diagnosis. 
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Figure 26-36 Ovarian carcinoma in ascitic fluid. A A large papillary cluster composed 
of large tumor cells. B. Large cancer cells with prominent nucleoli arranged in loose 
clusters and chains. C. A peculiar arrangement of cells in which the central cells are 
surrounded by a layer of peripheral macrophages. This finding is not unique to ovarian 
carcinoma. D. A cluster of cancer cells of moderate sizes containing a psammoma body 
(arrow). 



Borderline (Low Malignant Potential) Serous Tumors 

The uncommon metastatic low-grade (borderline) serous ovarian tumors, discussed at length in 
Chapter 15, may occasionally have a rather characteristic cytologic presentation in ascitic 
fluid. These tumors may be recognized by large monolayer sheets or plaques of fairly 
uniform cells with irregular, somewhat hyperchromatic nuclei (Fig. 26-38). The findings in 
peritoneal lavage fluid, discussed and illustrated in Chapter 16, and for that matter in 
effusions, may differ from the above. In many instances, the cytologic picture is similar to 
that observed in serous carcinomas, whether primary in the ovary or the peritoneum 
(see above). This observation was confirmed by Stewart and Kennedy (1998) who reported 
that, in peritoneal lavage fluids, the cytologic presentation of these tumors was more in keeping 
with fully malignant serous carcinoma and included papillary and acinar clusters and single cells 
with vacuolated cytoplasm and nuclear abnormalities. These authors concluded that the 
differential diagnosis between borderline and fully malignant serous tumors required histologic 
correlation. 

Pseudomyxoma Peritonei (Adenomucinosis and Peritoneal Mucinous 
Carcinomatosis) 

Pseudomyxoma peritonei (gelatinous ascites) has been traditionally attributed to ruptured 
ovarian mucinous tumors. As discussed at length in Chapter 15, current evidence strongly 
suggests that the origin of many, if not most, of pseudomyxomas occur as a complication of a 
ruptured mucoid tumor or mucocele of the appendix. Rarely, pseudomyxoma may occur 
as a complication of mucinous tumors of Meckel's diverticulum. In the latter situations, the 
disease may occur also in males. Other sources of pseudomyxoma in gastrointestinal 
mucinous carcinomas have also been described (Ronnett et al, 1995). Because of 
substantial differences in the prognosis of pseudomyxoma peritonei according to the histologic 
patterns and source of origin, new terminology has been introduced: disseminated peritoneal 
adenomucinosis, comprising lesions with nonmalignant epithelial component, and peritoneal 
mucinous carcinomatosis, caused by obvious carcinomas. Athird, intermediate group, 
comprising features of both mucoviscidosis and carcinomatosis, has also been identified 
(Ronnett et al, 1995, 2001). Still, whether cytologically benign or malignant, the cells 
derived from such tumors, either by spontaneous or incidental rupture of the capsule, have a 
propensity to grow on peritoneal surfaces and produce mucus. Mucus production results in 
formation of pseudomyxoma peritonei, which may lead to enormous abdominal distention. 
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Figure 26-37 Carcinomas of ovary. A A loosely structured cluster of cancer cells of 
moderate sizes, corresponding to the pattern of well-differentiated serous adenocarcinoma 
shown in B. C. Large cancer cells, some of which have vacuolated cytoplasm and thus 
resemble signet ring cells, corresponding to moderately well-differentiated papillary serous 
carcinoma of ovary shown in D. 




Figure 26-38 Very low-grade (borderline) ovarian cancer (the so-called endosalpingoma) 
in ascitic fluid (A) and in a section from the ovary ( B ). The cytologic presentation in 
plaques is quite characteristic. 
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The gross and cytologic presentation of pseudomyxoma peritonei is quite characteristic. The 
material obtained from the abdominal cavity is a viscous, whitish or yellowish fluid. On 
microscopic examination, there are very few cells and the customary population of 
macrophages, mesothelial cells, and leukocytes is absent. Well-differentiated columnar cells 
with clear, transparent cytoplasm and small, even nuclei, occurring singly, in small 
clusters, or sometimes strips of cells arranged in a palisade, floating in thick mucus, 
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are characteristic of peritoneal adenomucinosis (Fig. 26-39A.B). In mucinous 
carcinomatosis, obvious cancer cells may be observed (Fig. 26-39C). Occasionally, only 
acellular streaks of thick mucus are observed, recognized by the fibrillar structure and 
orange-reddish color in Papanicolaou-stained material. In May-Grunwald-Giemsa stain and 
related stains, the mucus stains purple or magenta (Fig. 26-39D). This finding alone is 
strongly suggestive of pseudomyxoma peritonei. Leiman and Goldberg (1992), Mulvany 
and Ooi (1996), and Gu and Zuna (1997) reported essentially similar observations. Jackson et 
al (2001) applied the new subdivision of these lesions to cytologic analysis and were able to 
discern the patterns of of peritoneal adenomucinosis and mucinous carcinomatosis in nearly all 
of 67 patients. 




Figure 26-39 Pseudomyxoma peritonei. A,B. Example of extremely well-differentiated 
pseudomyxoma peritonei (adenomucinosis) containing benign-looking columnar cells (A) 
and sheets of well differentiated mucus-producing epithelium on the surface of the 
intestine, shown in B. C. Pseudomyxoma peritonei containing malignant cells (mucinous 
carcinomatosis). D. Mucus deposit in a smear of ascites in a case of pseudomyxoma 
peritonei. This finding is diagnostic of the disease. ( C,D : Diff-Quik stain.) 



Recent evidence strongly suggests that the survival of patients with pseudomyxoma peritonei 
differs according to the histologic and cytologic patterns. Patients with disseminated peritoneal 
adenonomucinosis live longer and may even be cured of the disease but patients with 
peritoneal mucinous carcinomatosis have a poor treatment outcome (Yan et al, 2001; Ronnett 
et al, 2001). Still, in my experience, even the benign mucus-producing cells are difficult to 
eradicate and, sooner or later, most patients usually die of intestinal obstruction. 

Endometrioid Carcinoma 

Metastatic endometrioid carcinoma, whether of endometrial or ovarian origin, may produce 
ascites or pleural effusion. 
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The cytologic presentation has few characteristic features beyond those of 
adenocarcinomas, as described above. Psammoma bodies may occasionally be observed. For 
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cytologic manifestations of endometriosis, see Chapters 16 and 25. A rare case of malignant 
pleural endometriosis was described by Labay and Feiner (1971). Soslow et al (2000) 
pointed out that even patients with intraepithelial serous carcinoma of endometrium may 
develop peritoneal carcinomatosis because of synchronous foci of extrauterine serous 
carcinomas. 

Other Ovarian Tumors 

Occasionally, metastatic ovarian tumors in effusions may produce a mixed population of cancer 
cells, combining the features of a serous carcinoma with mucus-producing cancer cells 
of signet ring type (see Fig. 26-37C,D). Histologically, such tumors are usually predominantly 
of the serous type containing foci of mucus-producing cells. 

Mesodermal mixed tumors (Mullerian mixed tumors), whether primary in the uterus, ovary, 
or fallopian tubes, may metastasize widely and cause ascites, and later on pleural effusion. The 
histologic and cytologic presentation of these tumors is discussed in Chapter 17. In effusions, 
clearly malignant cells, sometimes multinucleated and of very large sizes, may be identified 
next to cells and cell clusters indicative of adenocarcinoma (Fig. 26-40). As shown in Chapter 
17 and in Figure 24-40B, the presence of rhabdomyoblasts, elongated cells with a cytoplasm 
showing cross-striations, is diagnostic of metastatic rhabdomyosarcoma which, in most cases, 
indicates the presence of a mesodermal mixed tumor with a component of rhabdo-myosarcoma. 




Figure 26-40 Ovarian mesodermal mixed tumors in ascitic fluid (A-C from the same 
case). A Cluster of small malignant epithelial cells, suggestive of an adenocarcinoma. B. 
Cluster of poorly differentiated cells with one of them showing cytoplasmic cross striations 
consistent with rhabdomyosarcoma. The tumor of origin is shown in C. D. Air-dried 
DiffQuik-stained, very large tumor cells from a case of metastatic uterine mesodermal 
mixed tumor. 



Dysgerminomas of ovary can produce metastases and ascites. Cells of dysgerminoma are 
usually single or form small clusters. The large nuclei are usually provided with large 
nucleoli. Lymphocytes and multinucleated giant cells may occur. Metastatic seminomas 
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of testicular or of mediastinal origin have a cytologic presentation identical with 
ovarian dysgerminoma. It is of interest that metastases of dysgerminoma do not necessarily 
indicate a hopeless prognosis and, with vigorous treatment, recovery is possible. 

Stastny et al (1996) described an ovarian adenocarcinoma with rhabdoid features in an 
adult woman. The tumor metastasized to the peritoneal fluid and the cancer 
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cells were large, with eccentric clear nuclei, prominent nucleoli, and inclusion-like 
condensations of the cytoplasm, sometimes indenting the nucleus. Electron microscopy 
documented that the “inclusions” consisted of bundles of intermediate filaments. No features of 
muscle cells were observed. It is of note that similar cytoplasmic inclusions, composed of 
bundles of cytoplasmic filaments encroaching on the nucleus, may be observed in Merkle 
cell tumors (see Chap. 34). 

In young girls and women, embryonal carcinomas of the ovary may occasionally be 
observed. For cytologic presentation of this tumor in cervicovaginal material, see Chapter 15. 

For further comments on cytologic presentation of this tumor in effusions in children, see 
below. 

An ovarian yolk-sac tumor was identified in ascitic fluid by Roncalli et al (1988). In the cell 
block of the sediment, the characteristic periodic acid-Schiff (PAS)-positive hyaline globules 
also stained with an antiserum to alpha-fetoprotein. 

Occasionally, primary squamous carcinomas originating in benign teratomas (dermoid 
cysts) of the ovary may form metastases leading to peritoneal effusion. Their presentation is 
identical to other squamous cancers, discussed above. 

Other Tumors of the Female Genital Tract 

Metastatic tumors of the uterine cervix are uncommon in effusions. The cancer cells reflect 
tumor type (squamous or adenocarcinoma) and have no specific features that would allow 
organ identification. Two cases of metastatic small cell carcinoma of the uterine cervix 
with dispersed, small cancer cells in effusions were described by Khunamornpong et al (2001). 

For comments on the presence of human papillomavirus DNA in metastatic tumors from the 
cervix, see Chapter 1 1 . 

Metastatic endometrioid carcinomas, whether of endometrial or ovarian origin, were 
discussed above. Occasionally, however, they have the pattern of a poorly differentiated 
tumor. Psammoma bodies may occur in these tumors. 

Carcinomas of the Gastrointestinal Tract 

The pathology of these tumors is discussed in Chapter 24. 

Carcinomas of the esophagus are, for the most part, squamous carcinomas and their 
presentation in effusions is identical to metastatic squamous cancer of other organs, discussed 
above (see Fig. 26-32). Esophageal adenocarcinomas in effusions cannot be distinguished 
cytologically from metastatic gastric cancer. 

Most tumors of gastric or colonic origin are mucus-producing adenocarcinomas, most 
commonly observed in ascitic fluid but also in pleural and even pericardial effusions. The 
cytologic presentation depends on tumor type: well-differentiated carcinomas differ from 
signet-ring cell carcinoma and other poorly differentiated carcinomas. 
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Signet-ring cell carcinomas present as single cancer cells, i.e., large, approximately 
spherical cells with a peripheral, large hyperchromatic nucleus and a single, large 
cytoplasmic vacuole (Fig. 26-41 AB). The presence of mucin in such cells may be 
documented by mucicarmine stain. The signet ring cancer cells must be differentiated from 
vacuolated macrophages, which may have a similar general configuration but are much 
smaller and lack nuclear abnormalities. Occasionally, lobular carcinoma of the breast may 
form cells similar to the gastrointestinal signet-ring cells, but the mammary malignant cells 
are much smaller (see above and Fig. 26-28D). 

Poorly differentiated adenocarcinomas shed cancer cells that lack obvious mucin 
production, are often approximately spherical, have an opaque cytoplasm, granular, centrally 
located large nuclei with a moderate level of hyperchromasia, and large nucleoli. 

Occasionally, gastric cancer cells form spherical (papillary) clusters that cannot be 
differentiated from other adenocarcinomas (see Fig. 26-4). 

Well-differentiated gastrointestinal adenocarcinomas, particularly of the colon, may be 
recognized by the presence of columnar cancer cells with large, hyperchromatic nuclei. 

Koizumi and Schron (1997) pointed out that, in some metastatic colonic cancers, the nuclei of 
cancer cells are pale and transparent, although still provided with large nucleoli (Fig. 26- 
41C.D). 

Pozalaky et al (1983) reported that cancer cells of colorectal origin in effusions have a 
characteristic electron microscopic feature that facilitates their recognition. The 

presence of microvilli, with dense cores of microfilaments that extend deeply into the 
cytoplasm (“cytoplasmic root-lets”), was only observed in cells of colorectal origin (Fig. 26- 
42) but not in cells of pulmonary and ovarian adenocarcinomas. 

Yonemura et al (2001) reported that a polymerase chain reaction (PCR) assay for matrix 
metalloproteinase in lavage of patients with gastric carcinoma may be a good indicator of 
micrometastases. The positive assay complemented routine cytology on the same samples as a 
predictor of prognosis. 

Pancreatic and Hepatocellular Carcinomas 

The pathology of these tumors is discussed in Chapters 38 and 39. 

Pancreatic duct carcinomas have no distinguishing features in fluids. The large cancer cells, 
easily recognizable as malignant, usually have large nucleoli and, occasionally, a make-up 
suggestive of adenocarcinoma. Centeno et al (1996) reported cytologic findings in peritoneal 
washings in eight pancreatic mucinous cystadenocarcinomas. In four of the tumors, 
malignant cells were observed. Well-differentiated tumors shed papillary clusters of cancer 
cells, whereas poorly differentiated tumors shed cancer cells without distinctive features. 

Centeno emphasized limited value of peritoneal washings in the prognosis of these 
tumors because three of the four patients with negative cytology had unresectable tumors. 
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Figure 26-41 Carcinoma of large bowel. A,B. Pleural fluid showing typical signet ring 
cancer cells with the large nucleus pushed to the periphery by a deposit of mucus. C. 
Carcinoma of cecum in ascitic fluid. The typical columnar cancer cells may be observed. 
These cells showed minor nuclear abnormalities. D. Biopsy of a metastasis from the same 
primary tumor in the liver. 



Hepatocellular carcinoma cells may be observed in ascitic fluids and sometimes in pleural 
effusions. Several such cases have been observed personally and by others (Falconieri et al, 
1995; Rosendale and Dusenbery, 1996). In well-differentiated tumors, the cancer cells resemble 
hepatocytes. They are usually of moderate size, but occasionally large, either occurring singly 
or in small clusters, wherein the cells were occasionally polygonal. The cytoplasm was 
granular, occasionally bile stained, but no bile canaliculi could be identified under the high 
power of the light microscope. The moderately hyperchromatic nuclei were large, spherical, 
sometimes double, and contained nucleoli of moderate size. Specific cytoplasmic features 
of such cells, such as bile-like material and formation of bile canaliculi, were identified by 
ultrastructural studies (Woyke et al, 1974). 

Carcinomas of the Thyroid 

The pathology of these tumors is discussed in Chapter 30. Papillary thyroid carcinomas and 
their follicular variant in effusions usually form small, compact, approximately spherical 
(papillary) clusters of small cells that, at the first look, may look inconspicuous. There are 
two features that are helpful in their identification: the small nuclei show folds or creases 
and intranuclear cytoplasmic inclusions (“nuclear holes”). Also, the cluster often contains 
psammoma bodies (Fig. 26-43). Although other cancers may form psammoma bodies, as 
discussed above, or intranuclear cytoplasmic inclusions (for example, malignant melanomas, 
see below), the combination of small clusters of cancer cells with both features is 
diagnostic of metastatic papillary carcinoma of the thyroid. There is no information on the 
presentation of other types of thyroid cancer in effusions. 

Renal Carcinomas 

For pathology of these tumors, see Chapter 40. Metastatic renal carcinomas of the common 
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clear or granular cell type in effusions are usually represented by cancer cells of moderate 
sizes with abundant, finely vacuolated, faintly eosinophilic, transparent cytoplasm and 
spherical, bland, or hyperchromatic nuclei with prominent nucleoli (Fig. 26-44A.B). The 
cancer cells in effusions are similar to those in the urinary sediment (see Chap. 23). If a cell 
block is available, positive staining of tumor cells for keratin and vimentin confirms the renal 
origin (Fig. 26-44C.D). Except for their larger size and nuclear features, the cells have some 
similarity to macrophages. Their identity can be confirmed by keratin stain (Fig. 26-45). In a few 
patients with malignant effusions with unknown primary site, renal cancer primary was 
suggested based on cytologic findings. 
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Figure 26-42 Electron micrograph of a cluster of metastatic cancer cells of rectal 
origin in pleural fluid. Note the numerous microvilli on cell surface with deep “cytoplasmic 
rootlets” (RTS). Inset: The dense filamentous core of the microvilli and the rootlets 
extending deeply into the cytoplasm are shown, (d, desmosomes; GB, glycocalyceal 
bodies; RTS, rootlets; T, tight junction.) (x 9,000; inset * 36,000.) (From Pozalaky Z, et al. 
Electron microscopic identification of the colorectal origins of tumor cells in pleural fluid. 
Acta Cytol 27:45-48, 1983.) 
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Figure 26-43 Metastatic thyroid carcinoma in pleural fluids. A Small cluster of small 
cancer cells with nuclear creases and a suggestion of intranuclear cytoplasmic inclusions. 
B. Lung biopsy showing metastatic thyroid carcinoma with psammoma bodies. C. Cluster of 
small cancer cells containing a large psammoma body. D. Lung biopsy with metastatic 
thyroid carcinoma, corresponding to C. 



We have not observed the very rare metastatic papillary or sarcomatoid renal carcinomas 
in effusions, but a few such cases were reported in a retrospective study by Renshaw et al 
(1998). In Renshaw's experience, the cells of papillary carcinomas formed papillary clusters 
whereas the sarcomatoid carcinomas shed spindly cancer cells. It is debatable whether these 
relatively rare variants of renal cancer can be recognized in fluids, as of renal origin, in the 
absence of clinical history. 

Urothelial Carcinomas 

Although metastatic urothelial cancer may display recognizable features in aspiration of 
biopsies of lung, as discussed in Chapter 20, so far we have not observed them in effusions. In 
most cases, the fluids contain undifferentiated, large cancer cells, sometimes with a sharply 
outlined cytoplasm, suggestive of squamous derivation. Sometimes the cells are elongated 
but do not resemble the “cercariform cells” described and discussed in Chapter 23 (Powers and 
Eldair, 1995; Renshaw and Madge, 1997; Hida and Gupta, 1999). Occasionally, the cells are 
multinucleated, vaguely resembling the umbrella cells, described in Chapter 22, and 
sometimes observed in metastases (see Chap. 20). In a case of metastatic urothelial carcinoma 
of renal pelvic oripgin, we observed psammoma bodies. There is no published experience 
with the use of uroplakin antibodies in effusions (Moll et al, 1995; Wu et al, 1998; Li et al, 
1999). Metastatic adenocarcinomas and squamous cancers of the bladder and renal 
pelves usually show the features diagnostic of this tumor type but are otherwise not specific. 



Other Types of Cancer of the Genitourinary Tract 
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Metastatic prostatic carcinomas appear as typical adenocarcinomas, composed of cells of 
various sizes, depending on the configuration of the primary tumor. In some patients, the origin 
of these cells may be identified by immunocytologic staining for prostate specific antigen or 
prostatic acid phosphatase (see Chap. 33). Renshaw et al (1996) pointed out that only one 
half of the 10 patients 
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studied displayed positive immunostaining and, therefore, the absence of immunoreactivity 
does not rule out prostatic origin of cancer cells. 
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Figure 26-44 Renal carcinoma in pleural effusion. A,B. Inconspicuous clusters of small 
cancer cells with small nuclei and eosinophilic cytoplasm. C,D. Same case with positive 
staining for keratin (CK7) shown in C and a positive vimentin stain shown in D. The 
synchronous staining of a tumor for keratin and vimentin are characteristic of renal 
carcinoma. 



Endocrine Tumors 
Metastatic Carcinoids 

The histologic and cytoloic features of carcinoids are discussed at length in Chapters 20, 24, 
and 38. Very rarely, effusion may contain a population of monotonous small spherical or 
somewhat elongated cancer cells, with eosinophilic cytoplasm and small, eccentric nuclei 
of a finely granular, “salt and pepper” configuration, containing very small but visible 
nucleoli. The cells, which form small clusters, measure about 12 to 15 pm in diameter and 
sometimes more and are, therefore, somewhat larger than plasma cells which they resemble. In 
the presence of such effusions, the possibility of a metastatic carcinoid tumor should be 
considered. The differential diagnosis includes other small cell tumors, including plasma cell 
myelomas and malignant lymphomas, discussed below. In all cases, tissue evidence is 
necessary to confirm the diagnosis. 

Other Endocrine Tumors 
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It is most unusual to recognize in effusions a tumor with endocrine features, other than 
carcinoid. Most of such tumors have the features of a poorly differentiated carcinoma. Their 

endocrine features can be recognized only by immunocytochemistry. 

MALIGNANT DISORDERS OF LYMPHOID AND HEMATOGENOUS ORIGIN 

Malignant Lymphomas 

The cytologic diagnosis of a malignant lymphoma in an effusion can be established in most 
cases on morphologic evidence. Such a diagnosis is often of significant therapeutic and 
prognostic value. A rapid identification of the disease may lead to aggressive treatment and 
may be compatible with many years of useful life. 

The picture of malignant lymphoma became more complicated with the onset of AIDS. As early 
as 1990, Walts et al noted that patients with AIDS are prone, not only to malignant lymphomas, 
but also to other lymphoproliferative disorders. Of special interest is malignant lymphoma 
of the primary body cavities, briefly discussed in the first part of this chapter. A sophisticated 
analysis of cells in effusions, including immunologic profiles of cells by immunocytology, 
flow cytometry, and cytogenetic documentation 
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of gene rearrangment, may be required to reach the correct diagnosis, as discussed in 
Chapter 31 . 
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Figure 26-45 Renal carcinoma in pleural fluid. A Large vacuolated cells with large 
hyperchromatic nuclei, mimicking large macrophages. B. CAM 5.2 keratin stain of the same 
cells documenting their epithelial nature. C. Another example of metastatic renal carcinoma 
composed of large cells with vacuolated cytoplasm, corresponding to the tissue section 
shown in D. 



Within recent years, the histologic terminology of various types of malignant lymphoma has 
been repeatedly modified, and the current classification is discussed in Chapter 31. 



However, for the purposes of cytologic recognition in effusions, the malignant 
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lymphomas can be divided into four groups: 

■ Large-cell lymphomas 

■ Small-cell lymphomas 

■ Hodgkin lymphoma 

■ Miscellaneous lymphoproliferative and hematologic disorders, including rare types 
of lymphomas, plasma cell myelomas, and leukemias 

A summary of distribution of malignant lymphomas in effusions from the classical study by 
Melamed (1963) is shown in Table 26-3. 

Regardless of the type of malignant lymphoma, the cancer cells from such cases almost never 
form cohesive, organized aggregates of cells. Although superposition of these cells into 
thick clusters may occur, it is usually an artifact of preparatory techniques. Cells of malignant 
lymphomas do not form associations with each other and the cancer cells lie singly. It is 
permissible to state that, in effusions, a malignant tumor characterized by organized cell clusters 
is not a malignant lymphoma, regardless of the size and make-up of individual cells, although 
rare exceptions may occur (see Fig. 26-47C). The diagnosis of malignant lymphoma is 
made as much on the pattern of smears as on individual cell abnormalities. The latter 
are described in some detail according to predominant tumor type. 

Large-Cell Lymphomas 

This group comprises B- and T-cell lymphomas, with or without cleaved nuclei, including 
the immunoblastic and lymphoblastic types and some uncommon lymphomas, such as the Ki-1 
lymphoma and primary lymphoma of body cavities in AIDS patients that were recognized within 
the recent years. 

Cytology 

Malignant lymphomas of large-cell type are the easiest to diagnose cytologically, because 
the cell abnormalities are usually well evident. The smear usually shows a dispersed 
population of large malignant cells with relatively scanty cytoplasm (Fig. 26-46A). Some 
variability of cell sizes may 



occur among cases. Most cells are approximately spherical, but there is usually some variation 
in cell shapes. Rarely, bizarre cells may occur. 



TABLE 26-3 INCIDENCE OF MALIGNANT CELLS IN EFFUSION ACCORDING TO 
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HISTOLOGIC TYPE OF MALIGNANT LYMPHOMA 



Cytologic Evidence of Cancer 



Total 



Present 



Susp., Not Pres., 



Histological Diagnosts No. Pt. No. Pt. % Pt. No. Pt. No. Pt. 



Large-cell lymphoma 



71 



53 



75 



7 



11 
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Lymphocytic lymphoma 



Diffuse 


32 


19 


59 


6 


7 


Nodular 


16 


9 


56 


3 


4 


Hodgkin's disease 


56 


14 


25 


6 


36 


Acute leukemia 


10 


5 




3 


2 


Chronic leukemia 


6 


4 




1 


1 


Leukolymphosarcoma 


4 


4 








Plasmacytic myeloma 


3 


2 




1 




Letterer-Siwe disease 


2 


1 




1 





No. Pt., number of patients. (Terminology modified from Melamed MR. The cytological 
presentation of malignant lymphomas and related diseases in effusions. Cancer 
16:413-431, 1963.) 



The scanty cytoplasm of the cancer cells is transparent and may be either basophilic or 
eosinophilic (Fig. 26-46B). The nuclei of these cells may be spherical or oval, but often have 
an irregular contour. Nuclear indentations or cleavage and single or multiple nuclear 
protrusions in the form of small, tongue- or nipple-like projections, are characteristic of 
malignant lymphoma cells and are uncommon in other malignant tumors (Fig. 26-46C). Atkin 
and Baker (1964) observed nuclear protrusions in an ovarian carcinoma in ascitic fluid and 
attributed the protrusion to an abnormally long marker chromosome. Similar observations 
have been reported on cancer cells in cervical smears, discussed in Chapter 11. It is of interest 
that an early analysis of chromosomal make-up of malignant lymphomas by Miles et al (1966) 
yielded several tumors with long marker chromosomes. Whether the nuclear protrusions, so 
often observed in cells of large-cell lymphoma in effusions, are always caused by long marker 
chromosomes remains to be determined. For further comments on cytogenetics of malignant 
lymphomas, see Chapter 4. 

Nucleolar abnormalities are frequent and often striking in large-cell lymphomas. The nucleoli 
are large, irregular in shape, and often multiple (Fig. 26-46C). We have never observed a 
large-cell lymphoma without obvious nucleolar abnormalities. Usually, there is some 
relationship between the size of the nucleus and the nucleolus: larger tumor cells have 
larger (and sometimes more numerous) nucleoli than smaller tumor cells). Prominent 
chromocenters may also be present. 

Mitotic activity is often intense and abnormal mitotic figures are common (Fig. 26-47A). 
Another common feature of large cell malignant lymphomas in effusions is nuclear 
fragmentation, previously referred to as karyorrhexis, and now recognized as apoptosis 
(Figs. 26-46A 26-47B). Although this feature is more common in small cell lymphomas (see 
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below), it does occur in the large cell variant. We observed apoptosis in previously untreated 
lymphomas but this phenomenon may be enhanced by treatment. 

In a classic case, the diagnosis of large-cell lymphoma in effusions presents comparatively little 
difficulty, both for the presence of malignant disease and the identification of the tumor type 
(see Fig. 26-46). At both ends of the spectrum, diagnostic difficulties may arise. If, on the 
one hand, the tumors are composed of fairly uniform cells of medium size, the differentiation 
from a small-cell lymphoma may be a matter of individual opinion, as is also the case 
with histologic material. The controversy is best solved by immunochemistry or, if necessary, by 
cytogenetic studies. 



On the other hand, Ki-1 lymphomas may resemble metastatic carcinomas. This is the 
prototype of large-cell lymphomas with abundant cytoplasm. The large cancer cells lie 
singly but may also form clusters mimicking carcinoma. The cells display the same nuclear 
abnormalities as other large cell lymphomas, but are provided with ample basophilic, and 
sometimes eosinophilic cytoplasm that make the differentiation from a metastatic 
carcinoma very difficult on morphology (Fig. 26-47C). Because this tumor may occur in any 
age group and has a surprisingly good prognosis, its recognition is important to the patient. 

Most such tumors are initially diagnosed as metastatic carcinomas, 
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a diagnosis that cannot be confirmed by clinical findings. 




Figure 26-46 Large cell lymphoma in pleural fluid. A Isolated lymphoid cells of 
unequal sizes, showing irregularly outlined nuclei and occasional nucleoli. The background 
contains several apoptotic cells. B. Lymphoma cells with indented nuclei and prominent 
nucleoli. C. Lymphoma cells showing irregularly-shaped nuclei, some with the characteristic 
nipple-like protrusion. D. Large cell lymphoma infiltrating lung, corresponding to C. ( B,C 
Oil immersion.) 



Immunochemistry is usually initiated because of a discrepancy between the cytologic diagnosis 
and the clinical findings. Reactivity of the cancer cells with lymphocyte common antigen 
(LCA), the CD30 monoclonal antibody which stains the cell membrane, and the anaplastic 



1719/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



26 - Effusions in the Presence of Cancer 



lymphoma kinase (ALK), which stains the nucleus and the cell membrane, confirms the 
diagnosis of Ki-1 lymphoma (Fig. 26-47D). 

The number of published cases of Ki-1 lymphoma with effusions is small. Jiminez-Heffernan et 
al (1997) observed a case of Ki-1 lymphoma with pleural effusion in a transplant patient. 

Dunphy et al (1998) described a similar tumor in pleural fluid in a patient with AIDS. Burja et al 
(1997) reported a case of Ki-1 lymphoma with simultaneous pleural and peritoneal effusions. 
Another case was published by Das et al (1999). 

Burkitt's Lymphoma 

Cells of this variant of lymphoma may occasionally be observed in ascitic fluid. In a personally 
observed case in a 3-year-old boy, the fluid contained malignant cells of lymphoid type with 
small nuclear vacuoles, accompanied by large macrophages, some of which were 
smudged, presumably during smear preparation (Fig. 26-48). The biopsy of a retroperitoneal 
lymph node revealed the classical “starry sky” appearance of the tumor. For further information 
of Burkitt's lymphoma, see Chapter 31 . 

Small-Cell Lymphoma 

For the most part, these are B-cell lymphomas, although T-cell lymphomas may occur. Izban et 
al (2001 ) described such a case with ascites as the first symptom. This type of malignant 
lymphoma is usually characterized in effusions by a large population of monotonous, small 
lymphoid cells 6 to 12 pm in diameter, sometimes somewhat larger (Fig. 26-49A). The most 
common diagnostic presentation is “the variable lymphocytic type” (Melamed, 1963). The 
name is based on variation in the size of these cells within the relatively narrow limits. The cells 
are usually round or oval, with very scanty, barely visible basophilic cytoplasm. The nuclei 
are moderately hyperchromatic, occasionally cleaved or somewhat irregular in shape, 
but mainly round or oval (Fig. 26-49B). Small nucleoli are 



present in many of the cells, but they do not stand out as in large-cell lymphomas. Small 

irregularities of the nuclear contour and nuclear protrusions may be observed. 
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Figure 26-47 Large cell lymphoma in pleural fluid. A Lymphoma cells showing 
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mitoses. B. Malignant lymphoma cells showing marked apoptosis and irregular nuclei with 
prominent nucleoli. C. Large T-cell lymphoma in pleural fluid showing a very unusual gland- 
like arrangement of cells, mimicking an epithelial tumor. D. Positive lymphocyte common 
antigen (LCA) in cells shown in C. (B: oil immersion.) 



Another helpful feature in identifying cells of lymphocytic lymphoma (and chronic lymphocytic 
leukemia) in effusions is the granularity of the nuclei. The feature was first described by 
Spriggs and Vanhegan (1981) as cellules grumelees or “lumpy cells,” characterized by 
numerous coarse aggregates of chromatin in otherwise spherical nuclei. Seidel and 
Garbes (1985) reviewed the diagnostic value of this feature and found it to be a useful fixation 
artifact that occurred only in malignant disorders, but not in benign lymphocytes. 

Nuclear fragmentation in the form of massive apoptosis (karyorrhexis) of nuclei may occur 
and is diagnostic of this group of diseases (see Fig. 26-47B). This phenomenon has been 
repeatedly observed in the absence of any history of treatment but may be enhanced by 
treatment (see below). Massive karyorrhexis has not been observed by us in any tumors 
other than malignant lymphoma, usually but not always of small-cell type. 

The characteristic classical cytologic presentation of small-cell lymphoma is virtually never 
confused with other cancers, but may be mistaken for an inflammatory reaction. A 
technically impeccable preparation is required for analysis of the morphologic details for 
diagnosis which cannot be made with the help of various filter devices or other technical 
shortcuts. The determination of monoclonality of the lymphocytes and of the flow cytometric 
profile is advisable (Fig. 26-49D). As always, clinical history and knowledge of the hematologic 
and immunologic status of the patient is helpful. Immunologic analysis is needed for further 
classification of the tumors (Bangerter et al, 2001). 

We observed a most unusual presentation of small cell lymphoma in a pleural effusion of a 
young woman in the form of abnormal megakaryocytes that displayed bizarre structure with 
prominent nucleoli and evidence of marked mitotic activity (Fig. 26-50). Except for the 
effusion, the patient had no clinical or hematologic abnormalities. Because the cytologic 
findings suggested a hematologic disorder, a bone marrow biopsy was recommended on 
which the diagnosis of small cell lymphoma was confirmed (Fig. 26-50D). 

Hodgkin Lymphoma 

Hodgkin lymphoma in effusions always represents metastatic spread. The diagnosis of Hodgkin 
lymphoma in fluids can be securely made only if classical Reed-Sternberg cells are 
identified. Although mononucleated cells with large 
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nucleoli (Hodgkin's cells) and the so-called popcorn cells (multinucleated cells with 
pale nuclei and small nucleoli) may raise the suspicion of the disease, the diagnosis is 
clinched if cells with two or more nuclei and very large nucleoli are observed (Fig. 26-51). 

In the binucleated cells, the two oval nuclei, separated by a band of cytoplasm, may form 
mirror images of each other (Fig. 26-51A). It is of interest that the intact Reed-Sternberg 
cells floating in fluid are quite often multinucleated, strongly suggesting that the mirror- 
image nuclear arrangement, commonly seen in tissues, is a cross section of these cells. It is of 
note that phagocytized small particles may often be observed in the cytoplasm of such cells 
(Fig. 26-51 C). Accompanying the Reed-Sternberg cells are scarce mononucleated cells of 
the type described for large-cell lymphoma, and numerous lymphocytes of various 
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types. Plasma cells are occasionally observed but eosinophiles are scarce. 




Figure 26-48 Burkitt's lymphoma in ascitic fluid in a 3-year-old boy. A Apattern of 
small lymphocytic cells with irregularly shaped and enlarged nuclei. B. A large plasmacytoid 
tumor cell in the midst of smaller lymphoma cells. C. A smudged large macrophage 
surrounded by lymphoma cells. D. The classical, “starry sky” pattern of Burkitt's lymphoma. 



Of all forms of malignant lymphoma, the diagnosis of Hodgkin lymphoma is by far the most 
difficult. Differentiation of Reed-Sternberg cells from atypical mesothelial cells, on the one hand, 
and from similarly configured epithelial cancer cells, on the other, may be the source of 
substantial difficulty. Reed-Sternberg-like cells in pleural effusion, secondary to pulmonary 
infarction, were reported by Irwin et al (1978), and in lymphocytic lymphoma and leukemia 
(Schnitzer, 1970; Tsang et al, 1993). Consequently, Olson et al (2000) applied a panel of 
antibodies to the identification of Reed-Sternberg cells and reported positive staining with 
CD15 and CD30 and no reaction with common lymphocyte antigen. 

Rare Types of Lymphomas 

Young and Crocker (1984) reported a case of lymphoplasmacytoid lymphoma. The tumor 
cells in pleural fluid contained conspicuous intracytoplasmic immunoglobulin inclusions. The 
case was thought to be a variant of vacuolated B-cell lymphoma, described by Kim et al (1978) 
and by Harris et al (1981). The cells shown were somewhat similar to the cells of metastatic 
lobular carcinoma (see Fig. 26-28), except for the absence of the cytoplasmic mucinous 
inclusions or cell clustering. 

Miller et al (1987) described a case of multilobated lymphoma in pleural fluid. The highly 
malignant tumor was characterized by tumor cells with multilobate nuclei, each lobe 
provided with a nucleolus. The tumor was shown to be a B-cell lymphoma, although in its 
original description by Pincus et al (1979), the neoplasm was thought to be of T-cell derivation. 

We observed an identical case in cerebrospinal fluid (see Chap. 27). 

P.999 



1722/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



26 - Effusions in the Presence of Cancer 




Figure 26-49 Small cell lymphoma in pleural and ascitic fluids. A A rich population of 
small lymphocytic cells showing relatively minor nuclear abnormalities. This pattern may be 
encountered in low grade lymphoma or in chronic lymphocytic leukemia. B. Malignant 
lymphoma cells in pleural fluid showing cleaved nuclei. C. Malignant lymphoma cells 
showing coarse granularity of chromatin (lumpy cells or cellules grumelees). D. 
Immunocytochemical monoclonal kappa stain in a low grade lymphoma. 



Vernon and Rosenthal (1979) described the presence of Sezary cells in ascitic fluid in a 
patient with disseminated mycosis fungoides, a cutaneous form of T-cell lymphoma. The 
large malignant cells are characterized by complex nuclear convolutions (“serpentine or 
cerebriform nuclei”) and scanty cytoplasm (see also Chaps. 31 and 34). 

Moriki et al (2000) reported a case of subcutaneous panniculitic T-cell lymphoma with 
pleural effusion. The cytologic findings included marked phagocytic activity of very large 
macrophages, showing lymphophagocytosis and erythrophagocytosis, accompanying 
typical cells of a large cell lymphoma. 

Primary Lymphomas of Body Cavities in AIDS 

These uncommon lymphomas have a characteristic clinical presentation: the patient, usually a 
young person with AIDS, develops a pleural and sometimes peritoneal effusion that on culture 
fails to yield any known pathogenic organisms (Green et al, 1995; Jones et al, 1996; Ansari et 
al, 1996; Hsi et al, 1998; Vadmal et al, 1998; Vince, 2001). The fluid recurs after drainage and a 
sample is finally submitted for a cytologic examination which shows large malignant cells 
occurring singly and with a moderate amount of basophilic cytoplasm (Fig. 26-52AB). 

As is the case with the Ki-1 malignant lymphoma, the differential diagnosis is with a 
metastatic carcinoma which may also occur in young patients with AIDS. Dunphy et al (1998) 
also pointed out the morphologic similarity between the primary lymphoma of body cavities and 
the K-1 lymphoma. The correct diagnosis is usually established by immunologic study of tumors 
cells which do not express the B- or T-cell antigen (null cells), show immunoglobulin gene 
rearrangement. If necessary, the diagnosis can be confirmed by a molecular search for 
Kaposi's sarcoma-associated herpesvirus 8 and EBV, which are commonly found in these 
lesions (Knowles et al, 1989; Chang et al, 1994; Cesarman et al, 1995; Mansour et al, 1998). 
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Wakely et al (2002) used reverse transcriptase in situ polymerase chain reaction to 
document the presence of herpesvirus 8 in cells of primary effusion lymphoma cells with 
excellent results. 

Primary Cardiac Lymphomas 

The extremely rare spontaneous primary cardiac lymphomas cause pericardial effusions that 
may lead to a tamponade. 
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Accordingly, the primary diagnosis is usually established by cytology of pericardial fluid. First 
such cases were reported by Pozniak et al (1986) and Castelli et al (1989) and a small number 
of cases were more recently published (Curtsinger, 1989; Chao et al, 1995). 




Figure 26-50 Malignant lymphoma with first manifestation of atypical 
megakaryocytes, showing mitotic activity in pleural fluid as the first evidence of disease 
(. A-C ). D. Bone marrow from the same patient showing well-differentiated malignant 
lymphoma. 



Primary lymphomas also may develop in the immunosuppressed heart transplant patients. 
We observed a case of a large-cell lymphoma, first diagnosed by cytology of pericardial fluid 
and subsequently confirmed by biopsies of the bone marrow and the myocardium in a 52-year- 
old man with a heart transplant (Fig. 26-52C,D). The patient was effectively treated and was 
free of disease 3 years later. Thus, the prognosis of cardiac lymphoma is not necessarily 
hopeless. Jones et al (1998) reported a similar case with the added complication of Kaposi's 
sarcoma. 

Effusions in Leukemias 

It is exceedingly rare for patients with leukemia to develop effusions in the absence of prior 
clinical diagnosis. Hence, the cytopathologist will rarely have the opportunity to establish the 
primary diagnosis of the disease in effusions. Rather, he will be requested to help delineate the 
extent of the disease for purposes of treatment, as is also the case with cerebrospinal fluid (see 
Chap. 27). 
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Chronic lymphocytic leukemia in effusions gives a fairly uniform cytologic pattern of 
lymphocytes; its differentiation from a disseminated well-differentiated small-cell 
lymphoma is very difficult. The nuclei of lymphoma are more likely to display the pattern of 
“lumpy cells,” described above, than leukemic cells. So far, we have not observed “hand 
mirror cells” in effusions. This variant of lymphocytes, common in leukemias and some 
lymphomas, is characterized by cells with cytoplasmic extensions, mimicking the handle 
of a hand mirror. The entity is discussed in Chapter 27, in reference to leukemia in the 
cerebrospinal fluid. 



Other leukemic cells may often be identified in effusions. Acute myeloid and monocytic 
leukemias may be confused with large-cell lymphoma. Effusions in chronic 
myelogenous leukemia must be differentiated from inflammatory reactions and 
extramedullary hematopoiesis. Yam (1985) described an unusual case of granulocytic 
sarcoma (tumor manifestation of chronic granulocytic leukemia) in pleural fluid. The cells were 
identified as granulocytic precursors by a battery of cytochemical studies. To our knowledge, 
there are no published cases of megakaryocytic leukemia in effusions. The case of small- 
cell lymphoma with abnormal megakaryocytes in an effusion was described above (see Fig. 26- 
50). 
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Figure 26-51 Hodgkin lymphoma in pleural fluid. A. Typical Reed-Sternberg cell with 
two nuclei facing each other. B. Lymph node biopsy corresponding to A C. Multinucleated 
Reed-Sternberg cell. D. Section of spleen obtained at autopsy showing Hodgkin lymphoma 
and corresponding to C. (A,C: Oil immersion.) 



It should be noted that patients with various forms of leukemias, successfully controlled for 
a period of years, may develop malignant lymphomas and that this transformation may be 
observed in effusions (Fig. 26-53A,B). 



Plasma Cell Myeloma 

Disseminated plasma cell myeloma (multiple myeloma) may be occasionally associated with 
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pleural effusion or ascites. Although Geisinger et al (1986) noted that cytologic manifestations 
of multiple myeloma occur relatively rarely, in several personal cases, the disease could be 
diagnosed in fluids, because of uniform population of easily recognized plasma cells was 
observed in smears (Fig. 26-54A-C). In two personally observed cases, the primary 
diagnosis of plasma cell myeloma was made in effusions before any clinical evidence 
of skeletal disease. In both cases, one of pleural and the other of ascitic fluid, a pure 
population of well-differentiated plasma cells was observed (Fig. 26-54D). In one of the 
cases, a pleural biopsy disclosed an infiltration with plasma cells and immunoelectrophoresis of 
the pleural fluid disclosed an abnormal globulin pattern. In both cases, subsequent evidence 
of inconspicuous skeletal lesions was obtained, followed by fatal outcome of the 
disease. 

Again, it must be stressed that rare plasma cells may be observed in lymphomas, especially in 
Hodgkin's disease and in chronic inflammatory processes. 

Other Lymphoprotiferative Disorders 

Severe chronic active Epstein-Barr virus infection may cause lymphoprol iterative disorders 
that may result in lymphoma-like syndrome associated with hemophagocytosis (Ohshima et al, 

1998). We have not seen this disorder in effusions. 

Waldenstrom macroglobulinemia may, very rarely, present as a pleural effusion. In the case 
reported by Mansoor et al (2000), the fluid contained clusters of lymphoplasmacytoid cells and 
small lymphocytes. The diagnosis was established by flow cytometry and detection of B-cell 
immunoglobulin gene rearrangement. 

Differentiation of Malignant Lymphomas and Leukemias From Nonmaiignant 
Disorders 

The differentiation of malignant lymphomas from other malignant tumors has been discussed 
above. However, small cell lymphomas and chronic lymphocytic leukemia can present 
problems in differential diagnosis in benign 
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effusions rich in lymphocytes that may occur in a variety of inflammatory processes, 
mainly tuberculosis. The latter may be accompanied by a very marked proliferation of 
mesothelial cells that is rarely conspicuous in malignant lymphomas. Lymphocytosis may also 
occur in effusions associated with disseminated lupus erythematosus (see Chap. 25). 

Another example, quoted by Melamed (1963), was ascitic fluid from a child with giant cell 
hepatitis and extensive extramedullary hematopoiesis. 
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Figure 26-52 Rare forms of malignant lymphoma. A,B. Cells from a malignant 
lymphoma in pleural fluid from a patient with AIDS. There were no visible tumor masses in 
this case. C,D. High magnification of pericardial fluid from a patient with a heart transplant 
showing large cell lymphoma ( C ) confirmed by bone marrow biopsy ( D ). 




Figure 26-53 Pleural fluid in chronic myelogenous leukemia. A. Fifteen years before 
the development of a high grade malignant lymphoma, shown in B (high magnification). 



Leukemoid reactions of various types, particularly in patients with AIDS, may also mimic 
malignant lymphoma or leukemia in effusions. 

Most problems of differential diagnosis can be solved by close attention to the nuclear 
changes that occur in small 
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cell lymphomas and chronic lymphocytic leukemias, described in detail above. However, in 
debatable cases, the cytologic diagnosis of malignant lymphoma or leukemia should be 
supported by clinical, hematologic, immunologic, and molecular evidence. 
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Figure 26-54 Multiple myeloma with first manifestation in effusions. A,B. High 
magnification of pleural fluid showing large and somewhat atypical plasma cells, 
corresponding to the bone marrow biopsy shown in C. This relatively young patient 
subsequently developed the customary osseous manifestations of multiple myeloma. D. 
Another example of multiple myeloma in ascitic fluid. This patient also developed clinical 
manifestations of multiple myeloma ( B,D : Giemsa stain.) (D: courtesy of Ms. Carol Bales, 
formerly of Montefiore Hospital.) 



MALIGNANT MELANOMAS AND RELATED TUMORS 

Metastatic malignant melanomas, of cutaneous or ocular origin, may be associated with 
effusions. Contrary to most other malignant tumors where clinical evidence of metastatic 
disease usually precedes the accumulation of fluid, effusions in malignant melanoma may 
occur as the primary evidence of metastases, sometimes many years after the 
treatment of the primary tumor. Thus, the identification of this tumor type may be of 
considerable diagnostic importance. In fact, this diagnosis should always be considered in 
effusions with a population of malignant cells of carcinomatous or unusual 
configuration in the absence of a known primary tumor. The presence of melanin 
pigment in tumor cells is characteristic of malignant melanoma (Fig. 26-55A). 

Cells of metastatic malignant melanomas in fluids may assume many forms, ranging from 
clearly malignant cells of epithelial-type cells of various sizes to spindly cells, 
mimicking spindle cell sarcomas. Rarely, signet-ring-like cells can be observed, 
particularly in the rare so-called balloon cell melanoma and in malignant melanotic schwannoma 
(see below). Most cancer cells occur singly, but small cell clusters are common. Phagocytic 
cell images (cell-in-cell) are also frequent. The cells, which are either mono-, bi-, or 
multinucleated, are often characterized by a peripheral location of the large, usually 
coarsely granular nuclei that often contain very large single or multiple nucleoli, which 
sometimes may occupy a substantial portion of the nucleus (Fig. 26-55B). 



Yamada et al (1972) and, subsequently, Hajdu and Savino (1973), pointed out that the 
presence of large intranuclear clear zones or “holes” (nuclear cytoplasmic inclusions) is 
a frequent event in cells of metastatic malignant melanoma in effusions (Fig. 26-55C). The 
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nuclear inclusions represent intranuclear cytoplasmic invaginations that may be 
differentiated from very large nucleoli by careful focusing up and down under the high-power 
lens of the microscope. The inclusions have an irregular contour, vary in size, depending 
on the depth of focus, and are present at all levels of the 
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nucleus. The nucleoli, on the other hand, occupy only a single band of nuclear thickness and 
are out of focus as soon as the lens is focused above or below them. Smaller nuclear 
cytoplasmic inclusions may occur in benign cells (for example in bronchial cells, see Chap. 19) 
and in other malignant tumors, such as carcinomas of the thyroid and bronchogenic 
adenocarcinomas, among others. 



Figure 26-55 Malignant melanoma in pleural fluid. A Isolated cancer cell with 
accumulation of finely granular brown pigment in the cytoplasm. B,C. High magnification 
showing a large tumor cell with a prominent nucleolus ( B ) and one with a large intranuclear 
cytoplasmic inclusion ( C ). D. Lymph node biopsy corresponding to B and C. 



Melanotic schwannoma is a rare tumor involving spinal nerve roots and sympathetic ganglia. 
In histologic sections, the tumor is composed of epithelioid and spindle cells, is rich in 
melanin, often contains psammoma bodies, and has many similarities with a malignant 
melanoma. The tumor has been previously identified in aspiration biopsies (FNA) by Sola-Peres 
et al (1994) and Marco et al (1998). 

Jaffer and Woodruff (2000) described a case of this rare tumor in a 44-year-old man with 
pleural effusion. The fluid contained large tumor cells with abundant cytoplasm. Of note were 
large, signet ring-like cells with single or double hyperchromatic nuclei. Pigmented cells were 
also present (Fig. 26-56A-C). A direct aspirate of the perispinal tumor yielded sheets of spindly 
tumor cells containing abundant melanin (Fig. 26-56D). 

The presence of melanin pigment in the cancer cells clinches the diagnosis of 
malignant melanoma. The pigment is brown in Papanicolaou-stained preparations and green 
with Diff-Quik stain (Dade Behring Inc., Deerfield, IL). In some effusions, the pigment is present 
in virtually every cell; in others, pigment formation is confined to a few cells. It is of interest that 
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if multiple sequential samples of an effusion of the same patient are studied, the presence of 
pigment may vary from sample to sample. In individual cells, the abundant pigment may 
obscure the nuclear features essential in establishing the diagnosis. However, this pigment is 
not a constant feature in cells of metastatic malignant melanoma and, in about 20% of these 
tumors, the pigment is absent. 

Hajdu and Savino (1973) used ferric ferricyanide stain to demonstrate melanin in tumor cells 
in effusions. Fontana-Masson stain may serve the same purpose. Immunocytochemistry 
may also be used to confirm the diagnosis, particularly the antibodies HMB45 (Longatto Filho et 
al, 1995), and MART-1 (Beaty et al, 1997) which give a positive cytoplasmic stain in about 80% 
of malignant melanomas. For further discussion of immunocytochemistry, see Chapter 45. 

Under exceptional circumstances, melanin pigment may be found in benign cells in 
effusions. Allen et al (1997) observed melanin in benign macrophages in a case of melanosis 
coli, discussed in Chapter 25. Macrophages may store melanin pigment if the cells of 
malignant melanoma break down, or in cases of massive melanosis. 
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Figure 26-56 Malignant melanotic schwannoma in pleural fluid. A,B. Large tumor cells 
with vacuolated cytoplasm. C. A single cell containing brown pigment. D. Needle biopsy of 
a paraspinal mass showing spindly tumor cells, some of which contain cytoplasmic 
pigment. (Case courtesy of Dr. James Woodruff, Memorial Sloan-Kettering Cancer Center, 
New York, NY.) 



Hemosiderosis, or accumulation of brown pigment derived from hemoglobin in macrophages 
in chronic hemorrhagic effusions, is the most important source of diagnostic error. The 
macrophages may be of abnormal shapes, and their nuclear structure, although partly 
concealed by pigment, may show atypical features, mimicking a metastatic melanoma. 
Therefore, it is suggested that a simple stain for iron identifying hemosiderin, be included 
as a part of the work-up of samples containing brown pigment, before the diagnosis of 
metastatic malignant melanoma is made (for further discussion, see Chap. 25). 

In spite of these caveats, the identification of metastatic melanoma in effusions is possible in 
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most cases. Few other metastatic tumors in fluids have this variegated and yet characteristic 
appearance. 

CYTOLOGIC PRESENTATION OF SARCOMAS AND OTHER UNCOMMON 
CANCERS 

Sarcomas of Soft Tissues and Bone 

A large variety of metastatic sarcomas may produce effusions. The subject has been 
extensively discussed in the book by Hajdu and Hajdu (1976). Most sarcomas of soft tissues 
in fluids tend to form unusual, large, and sometimes bizarre tumorcells. The exact 
identification of type of tumor is rarely possible, although there are occasional exceptions. 

Since it is most unusual for sarcomas to produce effusions as the first manifestation of disease, 
knowledge of past history and review of prior histologic material is very helpful in the 
determination of tumor type. It must be stressed that the exact classification of many spindle cell 
sarcomas is often the subject of considerable debate, even on ample histologic material. 

Hence, it would be unlikely that such difficult diagnostic problems could be solved on 
examination of a handful of cells in a fluid. Abadi and Zakowski (1998) reviewed 24 effusions 
containing cells of a variety of sarcomas and listed a number of features that they considered 
important in the diagnosis: scant cellularity, occurrence of single tumor cells, indistinct cell 
borders, nuclear pleomorphism, and multinucleation were described as characteristic of this 
group of metastatic tumors. Unfortunately, all these features can be found in other tumors as 
well. 

Spindle Cell Sarcomas 

In histologic sections, the sarcomas of connective tissue, nerve, smooth muscle, vascular, 
synovial, or bone origin 
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are either composed of, or have a large component of, spindly, elongated cancer cells. 

When seen in fluids, the tumor cells may remain spindly (see Figs. 26-19 and 26-24) but are 
often large and nucleated, of polyhedral or of bizarre configuration. The nuclei are usually very 
large, hyperchromatic, and provided with multiple, large nucleoli; thus, the identification 
of malignant disease is usually easy. Figure 26-57 shows a case of metastatic stromal sarcoma 
of the breast in pleural fluid, characterized by bizarre, multinucleated tumor cells. Further 
classification of these tumors in fluids is rarely possible. 

Rhabdomyosarcomas 

These tumors are characterized by the presence of large, bizarre, often multinucleated tumor 
cells (Hajdu and Koss, 1969). The diagnosis may be established with complete certainty if 
cytoplasmic cross-striations are present. This may occur with metastatic 
rhabdomyosarcomas or with metastatic uterine mesodermal mixed tumors that contain 
a component of rhabdomyosarcoma (see Figs. 17-6, 24-40B). Kaw et al (1984) described a 
case of a rhabdomyosarcoma in a patient with germ cell tumor. The features of embryonal 
rhabdomyosarcoma are described below with effusions in children. 
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Figure 26-57 Metastatic stromal sarcoma of the breast in pleural fluid. A-C. Bizarre, 
multinucleated tumor cells with granular nuclear chromatin and nucleoli. The biopsy of the 
original breast tumor removed 3 years before the metastasis is shown in D. 



Leiomyosarcoma 

The cancer cells in fluids rarely retain the elongated form observed in tissue or in 
gynecologic material (see Chap. 17). The cells are usually few in number, spherical or oval, 
with abnormal nuclei, surrounded by scanty, poorly demarcated cytoplasm. Giant cells are very 
rare (Hajdu and Koss, 1969). In the absence of past history and histologic material, the precise 
diagnosis of leiomyosarcoma is rarely possible in fluids. 

Sarcomas of Bone 

Metastatic osteogenic sarcomas mayproduce effusions, usually in the pleural cavity in 
association with pulmonary metastases in adolescents (Geisinger et al, 1984). These events 
were frequent in the past, before effective therapy for these tumors had been devised and are 
nowadays quite rare. 

Cytology 

Although bizarre, large cancer cells may occur, formation of osteoid tissue by these cells has 
not been seen in effusions. Occasionally, however, very large, multinucleated giant cells 
with regular, even nuclei, provided with small nucleoli, have been observed. These cells 
mimic osteoclasts 
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and have also been observed in the very rare metastatic giant cell tumors of bone (Fig. 

26-58). These cells are usually much larger than multinucleated macrophages or 
megakaryocytes. Although the frequency of occurrence of the osteoclast-like cells in effusions 
has not been determined, they may represent a valuable diagnostic clue. Cytochemical 
demonstration of alkaline phosphatase in tumor cells is diagnostic of osteogenic sarcoma 
(Fig. 26-58B). 
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Other Sarcomas 

Sporadic case reports on a variety of rare sarcomas in fluids have been personally seen or 
published. Kaposi's sarcomas cause bloody effusions wherein fibroblast-like cells can 
sometimes be observed. Other angiosarcomas may shed bizarre, elongated malignant cells 
(see Fig. 26-24). Malignant fibrous histiocytomas in effusions did not produce a tumor 
specific pattern (Abadi and Zakowski, 1998). Geisinger et al (1980) described a case of 
pleomorphic liposarcoma, whereas Nguyen et al (1986) described a case of clear cell 
sarcoma in pleural fluid. Massoni and Hajdu (1984) described a variety of primary and 
metastatic uterine sarcomas. None of these observations or reports indicate cytologic 
specificity that would allow the diagnosis of these tumor types in effusions in the absence of 
clinical history or histologic findings. 




Figure 26-58 Osteogenic sarcoma in pleural fluid. A Avery large multinucleated cell 
similar to an osteoclast. B. A single cell stained for alkaline phosphatase. C. Another 
example of osteogenic sarcoma showing multinucleated bizarre cancer cells corresponding 
to the tumor shown in D. 



Rare Metastatic Malignant Tumors in Effusions 
Testicular Tumors 

The most common testicular tumors capable of forming metastases and effusions are 
seminomas, malignant teratomas, and, in the older man, malignant lymphomas. 
Metastatic seminomas are characterized by a population of large malignant cells, often 
accompanied by numerous lymphocytes (see Chap. 33). Malignant teratomas are most 
often identified in fluids as embryonal carcinomas (see below). The very rare malignant 
lymphomas of testicular origin have a cytologic presentation similar to that of other 
malignant lymphomas (see above). 

Thymoma 

Zirkin (1985) described a case of a metastatic thymoma, of mixed lymphocytic-epithelial 
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type that caused a pleural effusion six years after surgical removal of the primary tumor. The 
metastatic tumor in cell block preparations mimicked to perfection the primary tumor, showing 
nests of 
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large epithelial cells with scanty cytoplasm in an intimated relationship with clusters of 
lymphocytes. For further discussion of thymomas, see Chapter 37. 

Mediastinal Teratoma 

Pleural effusion caused by a rupture of a benign cystic mediastinal teratoma was 
described by Cobb et al (1985). The fluid contained benign squamous cells and hair shafts 
documenting the dermoid nature of the tumor. 

Olfactory Neuroblastoma (Esthesioneuroblastoma) 

A metastatic olfactory neuroblastoma (esthesioneuroblastoma) in pleural fluid in a 40-year- 
old man, 6 years after the removal of the primary tumor of the nasal cavity, was reported by 
Jobst et al (1983). The tumor was accurately recognized in the fluid whereas the original 
histologic diagnosis was that of an adenocarcinoma. The small tumor cells formed rosettes 
and cell clusters arranged in an “onion skin” pattern that was consistent with a 
neuroblastoma. For a discussion of neuroblastoma in childhood, see below. For a discussion of 
this tumor in aspiration biopsies, see Chapters 31 and 40. 

Merkel Cell Carcinoma 

A neuroendocrine (Merkel cell) carcinoma of the skin causing pleural effusion in a man 
age 80, 23 years after treatment of the primary tumor, was described by Watson and Friedman 
(1985). The small tumor cells with scanty cytoplasm and large, hyperchromatic nuclei 
formed rosettes and single files. Neuroendocrine granules were observed in electron 
microscopy. The characteristic small eosinophilic cytoplasmic inclusions, abutting on 
the nucleus, that were subsequently identified as characteristic of Merkle cell carcinoma in 
aspiration biopsies (FNA), were not described in the fluid. For further comments on this tumor, 
see Chapter 34. 

Tumors of the Central Nervous System 

It is most unusual for tumors of the central nervous system to metastasize to the body cavities. 
Exceptions to this rule are very few. In most such cases, the tumor cells are transported via a 
shunt, leading from the ventricles of the brain to the abdominal cavity, installed to prevent 
hydrocephalus in incurable cases. 

Endodermal Sinus Tumor (Yolk Sac Tumor) of the Pineal 

Peritoneal implants of an endodermal sinus tumor of the pineal region via a ventricular- 
abdominal shunt were reported by Kimura et al (1984). In the ascitic fluid, the small epithelial 
tumor cells formed three dimensional aggregates, consistent with the Schiller-Duval 
bodies. Asimilar tumor of the mediastinum in pleural fluid was reported by O'Brien and 
Moinuddin (1990). 

Meningioma 

A case of metastatic meningioma causing a pleural effusion was described by Safneck et al 
(1998). The metastatic tumor, an extraordinary rarity, produced meningothelial whorls of 
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cells, allowing its recognition. For further discussion of cytology of meningiomas, see Chapter 
42. 



Ependymoma and Tumors of the Choroid Plexus 

Wurtz et al (1995) described a case of metastatic anaplastic ependymoma in pleural 
effusion. The tumor formed the characteristic pseudorosettes in a background of peculiar 
matrix material. McCallum et al (1984) described peritoneal metastases of a choroid plexus 
carcinoma of the brain in a 5-year-old boy with a ventricular-peritoneal shunt. The tumor cells 
were identified in the ascitic fluid. The cytologic presentation (rosettes formed by tumor 
cells) was similar to ependymoma. For further discussion of cytologic presentation of tumors of 
the central nervous system, see Chapter 42. 



Other Tumors 

It is virtually impossible to describe in detail the cytologic presentation of a large number of 
uncommon metastatic malignant tumors that may be found in effusions. Still, some of these 
tumors may form cell patterns suggestive of their type and origin although, in most instances, 

the knowledge of clinical history and a review of prior or current histologic material are 

usually essential in the identification of tumor type. 

TWO SYNCHRONOUS MALIGNANT TUMORS IN EFFUSIONS 

Patients surviving a malignant neoplasm are prone to second and even third primary tumors. 

The second tumors in patients with epithelial cancers are quite often tumors of the 
lymphoid type. The opposite sequence may be observed in patients with chronic 
lymphocytic leukemia who have impaired immunity. 

Occasionally, the presence of two tumors may be observed in effusions. In the example 
shown in Figure 26-59, synchronous evidence of metastatic primary tumor, a mammary 
carcinoma and a secondary cleaved cell malignant lymphoma, both occurring in a 57-year- 
old woman, is shown. Sur and Silverman (1998) reported a case of a 65-year-old man with 
chronic lymphocytic leukemia and an adenocarcinoma, presumably of lung origin observed in a 
pleural effusion. 



EFFUSIONS IN CHILDREN 

Since 1970, remarkable successes have been achieved in the treatment of most tumors of 
childhood that were previously considered incurable. Because, in most cases, the effusions 
occur as a consequence of metastases late in the course of the disease, the frequency of 
these events has dropped considerably. Still, there are opportunities for the pathologist to 
contribute to the primary diagnosis or, more often recognize 

the metastatic spread of these tumors with great benefits for the patient. 
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Figure 26-59 Synchronous metastatic mammary carcinoma and primary malignant 
lymphoma in pleural fluid in a 57-year-old woman. A A large cluster of epithelial 
cancer cells corresponding to mammary cancer. B. A large population of lymphocytes with 
cleaved nuclei corresponding to the synchronous malignant lymphoma. 



The variety of malignant tumors in young children, capable of producing effusions, is relatively 
limited. It is unusual for such tumors to produce effusions before the clinical and histologic 
diagnosis has been established, thus facilitating the recognition of the tumor type. 

By far, the most common neoplasm of childhood is acute leukemia, usually of the 
lymphoblastic type. The principal solid tumors in this group are: Wilms' tumors, 
neuroblastomas, embryonal rhabdomyosarcomas, Ewing's tumors, and embryonal 
carcinomas. Most of these tumors are made up of small cancer cells and, because of their 
common histologic appearance, have been colloquially grouped as “small, blue cell tumors.” 
Most of these tumors are associated with genetic abnormalities and specific chromosomal 
translocations. The differential diagnosis of these tumors in effusions must always include 
lymphomas and leukemias. The aspiration biopsy (FNA) findings in solid childhood tumors 
are discussed in appropriate chapters, depending on organ of origin. 

Wilms' Tumor 

These malignant teratoid renal tumors comprise elements of adenocarcinoma and 
sarcomas, the latter most commonly a rhabdomyosarcoma. The cytologic patterns in 
effusions are usually characterized by small, round cancer cells with scanty cytoplasm 
and large, hyperchromatic nuclei, arranged in small balls or papillary clusters, 
suggestive of an embryonal carcinoma (Fig. 26-60A). Occasionally, one may also observe 
elongated malignant cells suggestive of a spindle cell sarcoma. The secure diagnosis 
rests on this mixture of cell types which, in a child, is uniquely characteristic of Wilms' 
tumor. 

Neuroblastoma 

These tumors of neural crest origin, usually originating in the adrenal medulla, are 
characterized by small, round cancer cells, occasionally arranged in small aggregates with 
a central lumen or the so-called rosettes. In histologic sections and in aspirated material 
(FNA), neurofilaments may be observed in the center of the rosettes. In fluids, the cells of 
neuroblastoma resemble the small cells observed in Wilms' tumor, described above and shown 
in Figure 26-60B. The rosettes, which, with rare exceptions, are diagnostic of these tumors, 
are uncommon in fluids. The exceptions pertain to ependymomas and neuroendocrine tumors, 
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described above. In the absence of the rosettes, the diagnosis of a “small cell malignant 
tumor” is usually rendered, pending correlation with clinical data. 

Ewing's Sarcoma 

Ewing's sarcoma usually occurs in bones, although rare examples have occurred in soft 
tissues but not in children. In effusions, the tumor has a histologic and cytologic presentation 
very similar to that of a neuroblastoma (see Fig. 26-60C). 

Embryonal Rhabdomyosarcomas 

Three anatomic sites of these muscle-derived sarcomas are seen almost exclusively in 
childhood: tumors of the vagina in girls, tumors of the prostate in boys, and tumors of bladder 
in children of both sexes (recent summary in Leuschner et al, 2001). In all these organs, the 
tumor may assume a grape-like configuration, hence the name “botryoid sarcoma” (see also 
Chaps. 14 and 23). Embryonal rhabdomyosarcomas of soft parts, derived from peripheral 
muscle, may be seen in children and in adults. In histologic material, the tumors are 
characterized by proliferation of small to medium-sized malignant cells, occasionally 
assuming an organoid pattern (alveolar rhabdomyosarcoma). Cytoplasmic cross-striations 
diagnostic of this tumor are not readily observed, and often one must rely on the finding of 
eosinophilic myoglobin deposits in the 
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wide cytoplasm of the tumor cells (so-called strap cells) or on immunocytochemistry for 
diagnosis. 
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Figure 26-60 Examples of “small blue cell tumors” of childhood in effusions. A 

Wilms' tumor. B. Neuroblastoma. C. Ewing's tumor. D. Embryonal rhabdomyosarcoma. Note 
the rosette formation in B and elongated cells in D. Otherwise, the precise diagnosis of 
tumor type cannot be established. 



In effusions, the most commonly observed pattern is that of elongated tumor cells (Fig. 26- 
60D). Sometimes the tumor cells are larger, have abundant cytoplasm and may be confused 
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with an epithelial tumor which, however, is very rare in childhood, except for the embryonal 
carcinoma, described below. 

Embryonal Carcinomas and Endodermal Sinus Tumors 
These tumors of various primary anatomic origin (ovary, testis, anterior mediastinum, 
sacrococcygeal region) are seen predominantly in childhood or early adolescence, but they 
also may occur in adults. Quite often these tumors represent a unilateral development of 
complex malignant teratomas, for example, in the testis or in the mediastinum. In histologic 
sections, the tumors form gland-like structures. 

The cytologic presentation of these tumors in effusions is the same, regardless of anatomic 
origin. The tumor cells of moderate sizes, often of monotonous appearance, occur in 
papillary clusters or singly. The nuclei are provided with conspicuously large, irregular 
nucleoli. This cytologic configuration, essentially suggestive of an adenocarcinoma when seen 
in a young patient, strongly suggests an embryonal carcinoma. In the case of a 9-month-old 
boy, shown in Figure 26-61, a primary diagnosis was rendered by cytologic examination of 
pleural fluid. Cho et al (1991) described a case of an endodermal sinus tumor, located on the 
surface of the colon and producing ascites in a 3-year-old boy. The ascitic fluid contained three 
dimensional papillary clusters of malignant cells. For further comments on yolk-sac tumors, 
see ovarian tumors above. 

Acute Leukemias and Malignant Lymphomas 

Acute leukemia and malignant lymphomas are the most common group of malignant 
tumors in childhood responsible for effusions. The cytologic presentation is similar to that 
observed in other age groups (see above). The differential diagnosis must include the group 
of tumors composed of “small blue cells,” discussed above, which, however, virtually always 
produce some organoid structures (papillary clusters or rosettes) that are absent in 
leukemias and lymphomas. 

Very Rare Tumors 

Letterer-Siwe disease is the highly malignant variant of a group of disorders within the 

Langerhans' cell histiocytosis, 
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that also comprises eosinophilic granuloma of bone and the so-called histiocytosis X. In one 
such case, it was possible to identify the tumor cells in pleural fluid as belonging to the class 
of histiocytes because of their striking morphologic similarities to normal macrophages, 
including their phagocytic properties (Fig. 26-62). 
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Figure 26-61 Embryonal carcinoma of testis in ascitic fluid. A-C. Epithelial cancer 
cells in the ascitic fluid from a 9-month-old boy who was treated for tuberculosis. He also 
had a testicular mass that was thought to be a hydrocele. The correct diagnosis was 
established on ascitic fluid. D. An area of testis with embryonal carcinoma. The tumor 
metastasized widely. 



Malignant teratoma of the pericardium, growing chiefly as embryonal adenocarcinoma, 
could be identified in the pericardial fluid of a 4-year-old child. The smears contained side-by- 
side tumor cells suggestive of a carcinoma and clusters of benign bronchial cells, 
reflecting the components of the resected teratoma (Fig. 26-63). 

PERICARDIAL EFFUSIONS 

Accumulation of pericardial fluid may represent an acute threat to the life of the patient because 
of possible interference with cardiac function or because of cardiac tamponade. Thus, rapid 
diagnosis and aggressive treatment may prove lifesaving. The cytologic features of pericardial 
effusions in the absence of cancer were discussed in Chapter 25. Pericardial effusions can also 
occur in primary cardiac lymphomas, described above, as a consequence of primary 
malignant mesotheliomas, discussed in the opening pages of this chapter, or metastatic 
cancer. 

In my experience, the primary sites of metastatic cancer appear to be the same as for the 
pleural effusions both in men and women. Numerous examples of metastatic carcinomas 
have been observed. Yazdi et al (1980) reviewed cytologic findings in 72 patients with positive 
pericardial effusions to establish the frequency of primary tumor sites as a source of pericardial 
metastases. Lung and breast cancer were the most common carcinomas; lymphomas and 
leukemias, the most common nonepithelial tumors, with mesothelioma a close third. 
Unfortunately, the results were not presented according to the sex of patients. Wiener et al 
(1991) reviewed their data on 95 patients, approximately equally divided between benign and 
malignant disorders. Again, lung and breast cancer were most commonly observed but cytologic 
findings were noncontributory in one third of the cancer patients. On the other hand, in two 
patients, unsuspected cancer was discovered. Hoda et al (1998) described four patients with 
metastatic squamous carcinoma causing pericardial effusion. 
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The cytologic presentation of these effusions is the same as for other body fluids and need not 
be repeated here. 

R1012 

Occasionally, very unusual events may lead to pericardial effusions. Thus, Venegas and Sun 
(1988) reported a case of a malignant thymoma causing cardiac tamponade. 
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Figure 26-62 Langerhans' cell histiocytosis. A,B. Pleural fluid from a 3-year-old child. 
Note bizarre, large tumor cells and an abnormal mitosis in ( B ). The phagocytic activity of 
some of the tumor cells suggested a malignant neoplasm of the reticuloendothelial system. 
C,D. Tissue section of lymph node interpreted as malignant reticuloendotheliosis 
(malignant variation of Langerhans' cell histiocytosis or Letterer-Siwe disease). 



Postinfarction chronic hemorrhagic pericarditis may constitute a source of diagnostic error 
because the hemosid-erin-laden macrophages may be mistaken for cells of malignant 
melanoma, as happened in one of our patients. It is a wise precaution to perform an iron 
stain to identify hemosiderin, whenever metastatic melanoma is suspected. 

FREQUENCY OF METASTASES IN EFFUSIONS FROM TUMORS OF VARIOUS 
SITES 

It is not uncommon to see an effusion as a primary manifestation of an occult malignant tumor. 
The most commonly observed metastatic tumors in our laboratory in pleural and ascitic 
fluids are listed in order of frequency for adult men and women in Tables 26-4 and 26-5. 
The distribution of tumors in children is shown in Table 26-6. In the absence of clinical history, 
these tables offer some guidance to the most likely origin of malignant cells. 

Sears and Hajdu (1987) presented data from the Memorial Sloan-Kettering Cancer Center on 
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tumor distribution in 3,011 effusions, of which 1,846 were pleural and 1,165 ascitic fluids. 

Several effusions occurred in both sites. On the average, the effusions occurred 30 or more 
months after removal of the primary tumor. The dominant sources of cancer for men and 
women were the same as listed in Tables 26-3, 26-4 and 26-5. A high frequency of malignant 
lymphomas in both sexes probably reflected the type of patients referred for care to that 
institution. The paper also included an elaborate listing of rare sources of cancer cells, 
comprising virtually every organ. Of note was the low frequency of metastatic squamous 
carcinomas and hepatomas, as discussed elsewhere in this chapter. 

DiBonito et al (1992) correlated the findings in malignant pleural effusions with results of 
autopsies in 143 patients. His observations on distribution of tumor types in men and women 
were remarkably similar to ours, except for a higher frequency of malignant mesotheliomas in 
men, perhaps reflecting war-time industrial exposure of patients 
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in the city of Trieste, Italy. It is evident, therefore, that the distribution of tumor types reflects the 
type of patients referred for care in a given institution. 




Figure 26-63 Malignant mediastinal teratoma involving pericardium in a 4-year-old 
boy diagnosed in pericardial fluid. A Cluster of epithelial cancer cells. B. Well- 
differentiated ciliated bronchial cells. C,D. Various aspects of the teratoma. In C, bronchial 
type of epithelium, in D, embryonal carcinoma. 



Helson et al (1975), Hallman and Geisinger (1994), and Wong et al (1997) published 
comprehensive surveys of their experience with effusions in children and adolescents. 

Further, Wong et al presented a comparison of data from several surveys. All surveys show a 
remarkable similarity to the distribution of tumors shown in Table 26-5, with leukemia- 
lymphoma, followed by Wilms' tumors 
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and neuroblastomas, as the most frequent tumors observed. 
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TABLE 26-4 RELATIVE FREQUENCY OF ORIGIN OF COMMON, EFFUSION-FORMING, 
METASTATIC MALIGNANT TUMORS IN BODY CAVITIES IN ADULT MEN 




Peritoneal Fluid 


Pleural Fluid (Ascites) 


1 . 


Lung 


Gastrointestinal tract (colon, 
pancreas, stomach) 


2. 


Gastrointestinal tract (esophagus, 
stomach, colon) 




3. 


Malignant lymphoma 


Malignant lymphoma 





TABLE 26-5 RELATIVE FREQUENCY OF ORIGIN OF COMMON, EFFUSION-FORMING, 
METASTATIC MALIGNANT TUMORS IN BODY CAVITIES IN ADULT WOMEN 




Pleural Fluid 


Peritoneal Fluid (Ascites) 


1 . 


Breast 


Ovary 


2. 


Ovary 


Breast 


3. 


Gastrointestinal tract (stomach, 
esophagus, colon) 


Gastrointestinal tract (colon, stomach, 
pancreas) 


4. 


Lung 




5. 


Malignant lymphoma 


Malignant lymphoma 





TABLE 26-6 RELATIVE FREQUENCY OF ORIGIN OF METASTATIC MALIGNANT 

TUMORS IN CHILDREN 

Pleural or Peritoneal Fluid 



1. Leukemia-lymphoma 

2. Wilms' tumor 

3. Neuroblastoma 

4. Embryonal rhabdomyosarcoma 

5. Ewing's tumor 
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BODY FLUID CYTOLOGY AS AN INDEX OF RESPONSE OF CANCERS TO 
THERAPY 

Chemotherapy 

Since ascitic tumors in animals had long been utilized as a tool in the evaluation of 
chemotherapeutic agents, it was logical that a correlation of the response of tumor cells in 
human body fluids with the effectiveness of therapeutic anticancer agents should be attempted. 




Figure 26-64 Effect of floxuridine (FUDR) on cells of ovarian carcinoma in 
effusions. A Pretreatment sample showing tissue culture growth pattern of cancer cells. 
B,C. The effect of FUDR 1 week after treatment. In B, there are bizarre mitotic figures, in C, 
bizarre multinucleated cancer cells. D. Bizarre cancer cells 9 days after treatment ( D : oil 
immersion.) 



A sustained, long-term major study of the response of various tumors to radiation and 
chemotherapeutic agents has not yet been performed. However, some information on this topic 
is available. 



The cells of malignant lymphomas in effusions react to either radiation or chemotherapeutic 
agents with massive apoptosis (karyorrhexis), although this event may also occur 
spontaneously (see Fig. 26-47B). This effect may be so striking that Melamed (1963) 
considered it as diagnostic of malignant lymphomas and named it the “nuclear fragmentation 
pattern.” This pattern may occur regardless of the type of lymphoma or the therapeutic mode 
used. The reasons for this type of response are not clear. 

Personal anecdotal experience has shown that those carcinomas in effusions, presenting a 
marked tissue culture pattern, or a diffuse proliferation of relatively uniform cancer 
cells, responded better to systematically ministered chemotherapeutic agents than 
tumors with different patterns of growth. Among the poor responders were tumors growing 
in clusters of papillary or glandular type. This observation is somewhat contrary to data 
discussed above in reference to prognosis of breast cancer in effusions. 
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A remarkable response has been observed in a case of widespread ovarian carcinoma 
treated with floxuridine (5-fluorodeoxyuridine; FUDR). This compound was injected directly 
into the pleura and the peritoneum and produced striking mitotic abnormalities of cancer 
cells in fluids, resulting in the formation of gigantic, grotesque cell forms (Fig. 26-64). These 
cytologic changes preceded a sustained clinical remission. Jordan and Wells (1997) reported 
the effects of paclitaxel (Taxol, Bristol-Myers Squibb Company, New York, NY) on cells of 
ovarian cancer in ascitic fluid and reported remarkable mitotic abnormalities in cancer cells, 
caused by microtubule polymerization. We also observed bizarre multinucleated tumor cells in 
ascitic fluid of a woman treated with Taxol for ovarian cancer with widespread abdominal 
metastases (Fig. 26-65). These anecdotal observations clearly require additional research to 
determine the relationship of the reported drug-induced cell abnormalities to the effect of 
treatment. 

Effects of Radiation and Radiomimetic Drugs 

The effects of radiation may be observed following either an intracavitary application of 
radioactive phosphorus or external irradiation treatment. The effects, both on mesothelial cells 
and on cancer cells, are in essence similar to those observed in other organs and tissue. 

Ballooning of cells, cytoplasmic vacuolization, and nuclear enlargement may be noted in 
the mesothelial cells and the cancer cells. Karyorrhexis observed in malignant lymphomas has 
been mentioned above. It is rarely observed in other tumors. Similar changes may be observed 
as a consequence of administration of alkylating agents. These observations are anecdotal 
and should be confirmed in a controlled study. 




Figure 26-65 Effects of Taxol on cells of ovarian carcinoma in ascitic fluid. A,B. 
Bizarre cancer cells in the effusion. C. The original tumor before treatment. D. Tumor 
growing on the surface of the spleen after treatment. 



EVALUATION OF DIAGNOSTIC RESULTS IN EFFUSIONS 

This area of application of diagnostic cytology to effusions is among the most difficult to 
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evaluate objectively. There are several reasons for this, the most important one being the 
occurrence of effusions in patients with cancer but not caused by cancer. Even the 
comparison of cytologic results with autopsy material may be misleading unless there is no 
significant delay between the two procedures. Otherwise, in a cancer patient, metastases may 
develop that did not exist at the time of tapping of the fluid. Consequently, the measure of a 
good laboratory in this area is not so much the largest possible number of cancers correctly 
diagnosed, but the smallest number of cancers incorrectly diagnosed. 

P.1016 



TABLE 26-7 COMPARISON OF DIAGNOSTIC RESULTS OF PLEURAL BIOPSIES AND 

CYTOLOGY OF PLEURAL FLUID 


Patients Studied 






Patients with cancer 




72 


Patients with cancer and malignant effusion 


46 




Patients with cancer and benign effusion 


26 




Patients without cancer 




90 


TOTAL 




162 


(Frist B, et al. Comparison of diagnostic values of biopsies of the pleura and cytologic 
evaluation of pleural fluids. Am J Clin Pathol 72:48-51, 1979.) 



Grunze (1964), in a thorough review of this topic, reported correct positive results from various 
sources ranging from 50 to 90% (Von Haam, 1962). The widely acknowledged work of Saphir 
(1949) resulted in 80% correct positive diagnoses. It is much more difficult to assess the 
number of errors. Ceelen (1964) states that no such errors were made in the evaluation of 667 
cases, a most commendable performance. Grunze (1964) records three positive errors in 140 
patients without cancer whose clinical findings and history were known to him. 

Abetter assessment of performance can be obtained by a simultaneous study of pleural 
biopsies and fluid cytology, summarized in Tables 26-7 and 26-8, based on work performed at 
Montefiore Medical Center in New York City by Dr. S. Frist. These results clearly document 
that, in malignant disease, the cytologic examination of fluid is by far more accurate 
than a pleural biopsy. In infectious diseases, however, particularly in tuberculosis, the 
pleural biopsy is superior to cytologic examination in establishing the etiology of this 
disorder. Similar data have been provided by Von Hoff and LiVolsi (1975). 



TABLE 26-8 COMPARISON OF DIAGNOSTIC RESULTS OF PLEURAL BIOPSIES AND 

CYTOLOGY OF PLEURAL FLUID 
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Cases of Proven Metastatic Cancer 



Cytology positive, biopsy positive 15 

Cytology positive, biopsy negative 28 

Biopsy positive, cytology negative (on review cytology suspicious) 1 

TOTAL 44 



(Frist B, et al. Comparison of diagnostic values of biopsies of the pleura and cytologic 
evaluation of pleural fluids. Am J Clin Pathol 72:48-51, 1979.) 
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Cerebrospinal and Miscellaneous Fluids 

CEREBROSPINAL FLUID 
CEREBROSPINAL FLUID 

Anatomic, Physiologic, and Clinical Considerations 

The cerebrospinal fluid (CSF) is formed from circulating blood that is filtered though a 
complex epithelial organ, the choroid plexus, located within the ventricular system of the 
brain. The normal choroid plexus is a highly selective filter that regulates the chemical make- 
up of the CSF and maintains it at a constant level, independently of variations in the blood 
serum. The choroid plexus is also endowed with genes that prevent the passage of most 
toxic substances into the CSF. No blood cells, except for an occasional monocyte or 
lymphocyte, cross the choroid plexus, which constitutes a highly effective blood-brain 
barrier, ensuring optimal working conditions for the brain. The CSF is formed by the choroid 
plexus at a constant rate and is drained by the leptomeninges, resulting in constant volume of 
fluid, at 10 to 60 ml in children, depending on age, and 90 to 150 ml in adults. 

Normal CSF is a crystal clear liquid containing only very few mononucleated blood cells 
and lower levels of glucose and proteins than the blood serum. The CSF bathes the entire 
internal ventricular system of the brain, its external surfaces, the cerebellum, and the spinal 
cord. The extracerebral CSF is contained between two epithelial meningeal 
membranes, the pia (lining the brain) and the arachnoid (lining the dura). Occasionally, 
cells derived from the choroid plexus, the pia, and the arachnoid may desquamate into the 
CSF. Normally, there are very few of these cells and they are difficult to identify. 

Any increases in the number of cells in the CSF or changes in the glucose and protein 
levels invariably indicate a pathologic process. Enumeration and cytologic examination of 
the cells in the spinal fluid serve to clarify the nature of the disease. 

Cytologic examination of the CSF is an important part of a complete neurologic 
evaluation of cancer patients and patients with the acquired immunodeficiency 
syndrome (AIDS), particularly if there is clinical evidence or suspicion of central nervous 
system (CNS) involvement. Also, patients with space-occupying lesions of the CNS of 
unknown nature should have the benefit of this examination. Cytologic evaluation of CSF 
has become an essential step in the follow-up of patients with lymphoma and leukemia 
and some small-cell tumors, such as oat cell carcinoma of pulmonary origin, because the 
therapy of these tumors has been revolutionized by this procedure (see below). An increasingly 
important application of cytology of the CSF is the diagnosis of infectious processes, 
particularly in patients with AIDS. 
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Methods of Securing CSF for Laboratory Investigation 

Most samples of CSF sent to the laboratory are obtained by spinal tap and this chapter is 
essentially based on this type of sample. Another source of CSF is the cisterna magna 
and the ventricles of the brain, which are sometimes more informative, particularly in 
reference to primary brain tumors. Securing such samples requires intervention by a skilled 
neurosurgeon. Some of the data in the literature are based on a mixture of samples obtained 
by various methods. Whenever possible, these differences are stressed in the text. 

Laboratory Techniques 

Because the samples of CSF are usually small, rarely more than 10 ml, impeccable 
laboratory techniques are essential if the cytologic evaluation of the fluid is to be successful. 
Regardless of the method used, cell loss must be avoided. Sedimentation techniques offer the 
best overview of the cell content. Hematologic stains and techniques of cell preparation 
are helpful in cell identification in samples rich in mononuclear cells, particularly in lymphomas 
and leukemias. The various technical approaches to the processing of CSF are discussed in 
Chapter 44. Classification of lymphocytes by flow cytometry may be successfully conducted 
on cell-rich specimens (see Chaps. 31 and 47). Immunocytochemistry is occasionally helpful 
in identifying the origin of metastases in patients with past history of two malignant tumors (see 
Chap. 45). Various methods of CSF investigation by molecular biologic techniques are 
described in text. 
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Figure 27-1 Benign findings in cerebrospinal fluid (CSF) in cytocentrifuge 
preparations. A Normal CSF contains only a few lymphocytes and monocytes, the latter 
characterized by more abundant cytoplasm. B. CSF containing leukocytes and a large 
epithelial cell, probably of meningeal origin. C. Chondrocytes aspirated from nucleus 
pulposus. D. Powder crystal mimicking cryptococcus (compare with Fig. 27-3). 



Special Diagnostic Procedures 
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Kajikawa et al (1977) used CSF to establish primary shortterm tissue cultures of various 
primary tumors of the central nervous system. The procedure was successful in a number of 
instances and the identification of tumor type was easier in the culture than in the original CSF. 

Cells and Acellular Components in the Absence of Disease 
Cells 

With the cell collection techniques used in this laboratory, notably cytocentrifugation and 
Papanicolaou stain (see Chap. 44), only a very few small lymphocytes and monocytes are 
observed in the CSF of adults. The monocytes have a somewhat larger, more open, 
sometimes indented nucleus and a slightly larger rim of cytoplasm. Thus, only two types 
of cells and two nuclear forms are normally observed (Fig. 27-1 A). By using a careful cell 
collection technique, 

P.1025 

Dyken (1975) found that the cell count is higher in neonates (less than 1 month in age) than 
in older persons. For the neonates, the average count was 10.17 ± 8.45 cells per cubic 
millimeter, and for older persons, 2.59 ± 1 .73 cells per cubic millimeter. There were also some 
differences in the differential counts: monocytes were the most prevalent cell in neonates, 
whereas in older persons lymphocytes were most commonly observed. In a subsequent study, 

Dalens et al (1982) confirmed the original observations; in addition, cells of the choroid 
plexus and the arachnoid were noted as a transient phenomenon during the first week 
of life. The presence of these cells is probably caused by slight brain trauma sustained during 
birth. 

In our experience, the identification of normal cells derived from the brain, such as choroid 
plexus and ependymal cells, is extremely difficult in adult patients in CSF obtained by spinal tap. 

Kline (1962) and Naylor (1961, 1964) described ependymal cells as small cuboidal cells 
arranged in rows or clusters; their occurrence may be expected, mainly in fluid aspirated 
directly from the cerebral ventricles or the cisterna magna, or in direct samples of the 
brain, described in Chapter 39. Wertlake et al (1972) also observed occasional pia-arachnoid 
cells, resembling mesothelial cells and, occasionally, cells interpreted as astrocytes in 
ventricular fluid. Elongated cells, described by Kline as originating from meningeal lining, 
have not been observed by us in normal spinal fluid. Kolmel (1976) observed such cells after 
pneumoencephalography. However, we did occasionally observe in cases of meningitis, 
fairly large epithelial cells with transparent cytoplasm and degenerated nuclei that we 
assumed were of meningeal origin (Fig. 27-1 B). The cytologic-histologic correlation of these 
rare cells has been carried out by McGarry et al (1969). 

Bone marrow cells may be observed when the tap needle inadvertently enters a vertebral 
body. Megakaryocytes are usually a conspicuous component of such faulty taps. 

Chondrocytes (Fig. 27-1 C) occur when the tap needle incidentally enters the intervertebral 
cartilage (Bigner and Johnston, 1981; Takeda et al, 1981). Notochordal cells from nucleus 
pulposus have been observed in an infant (Takeda et al, 1981). Such cells may mimic a 
chordoma (see below). Squamous cells and anucleated squames are rare in CSF and are 
usually of skin origin. Important, but extremely rare sources of squamous cells are a ruptured 
benign squamous cyst of the brain, a craniopharyngioma, or metastatic squamous 
carcinoma. 

Acellular Components 
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Corpora amylacea, spherical transparent proteinaceous structures, commonly seen in the 
brain of the elderly, may occasionally occur in the CSF (Bigner and Johnston, 1981). They are 
sometimes calcified and mimic a psammoma body or a fungus (Preisig and Buhaug, 1978). 

Powder Crystals 

Cerebrospinal fluid may be contaminated by starch granules from powder used on surgical 
gloves. In a personally observed consultation case, the approximately spherical crystals were 
mistaken for spores of the fungus Cryptococcus neoformans, described below (Fig. 27- 
1D). Such particles may be phagocytized, as reported by Reinharzet al (1978). In polarized 
light, the starch particles form a Maltese cross but this may also occur with Cryptococcus. In 
general, starch particles are larger than Cryptococcus, and often show a central density, 
but fail to show budding or mucous capsule. 

Changes in Benign Cell Populations in Disease 

Under pathologic conditions, several changes in the benign cell population of the CSF may take 
place. 

Increase in Cellularity 

A mere increase in the number of leukocytes and macrophages always reflects a pathologic 
process affecting the cerebrospinal fluid. The lesion may be in the brain or in the meninges. 
Changes in protein and glucose content of CSF often accompany the increased cellularity. 

Transformation of Lymphocytes and Monocytes 

Under a broad variety of circumstances, such as viral meningitis and most forms of chronic 
inflammation such as tuberculous meningitis, lymphocytes increase in number and may 
undergo a transformation that increases substantially the variety of lymphoid cells. 
These cells range in size from small lymphocytes to large cells, resembling immunoblasts, 
with a clear nucleus and large nucleolus. The monocytes may be transformed into 
macrophages and may assume a phagocytic activity (Fig. 27-2A). Oehmichen (1976) 
characterized mononuclear phagocytes in CSF using membrane markers. Newer methods of 
classification of mononuclear cells will be described as needed. 

Polymorphonuclear Leukocytes 

These cells normally do not cross the blood-brain barrier; hence, they must be considered as 
invaders of the CSF. The presence of neutrophilic polymorphonuclear leukocytes in CSF 
always indicates an acute inflammatory process, such as bacterial meningitis, brain 
abscess, some forms of viral encephalitis, or sometimes a reaction to intrathecal 
chemotherapy. The cells most likely are derived directly from damaged blood capillaries 
located within the brain or the meninges. 

Eosinophils may occur in CSF as a consequence of a parasitic infection of the central 
nervous system ( Cysticercus cellulosae cysts, see below), in chronic inflammations, or as a 
reaction to trauma. The condition is extremely rare in my experience. Conrad (1986) observed 

eosinophils in metastatic cancer and in children with a shunt. We have seen such cells in 
granulocytic sarcoma (see below). 

Red Blood Cells and Hemosiderin 
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Erythrocytes do not normally cross the blood-brain barrier. The most common source of 
erythrocytes in CSF is a traumatic tap, surgical intervention, trauma, or brain 
hemorrhage. The presence of hemosiderin-laden macrophages, on the other hand, 
indicates a previous hemorrhagic event. This may be caused by a cerebral or subdural 
hemorrhage or the presence of a tumor. Bernad and Taft (1980) 
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documented that the presence of numerous hemosiderin-bearing macrophages was 
consistent with an intraventricular hemorrhage in a neonate. In appropriate cases, an iron stain 
should be performed to differentiate hemosiderin from melanin pigment. Macrophages 
containing melanin have been observed in melanosis of the meninges (Rosenthal, 1984) 
that must be differentiated from hemosiderin-bearing cells or cells of primary or metastatic 
malignant melanoma (see below). 





Figure 27-2 Benign disorders in CSF. A Two large macrophages with vacuolated 
cytoplasm observed after a myelogram. B. Klebsiella filament and neutrophiles from an 
acute meningitis. C. Increased population of lymphocytes and monocytes in a patient with 
chronic meningitis of unknown ideology. D. Chronic meningitis, presumably caused by 
tuberculosis. There is a dense mixed population of lymphocytes, monocytes, and scattered 
macrophages. ( B : High magnification; courtesy Dr. Ellen Greenebaum, College of 
Physicians and Surgeons, Columbia University, NY.) 



Plasma Cells 

The presence of plasma cells in CSF always indicates an important abnormality. This may be a 

neurologic disorder, a chronic inflammatory event, or plasma cell myeloma (see below). 

Cytology in Specific Nonmalignant Disorders 



Effects of Myelograms 

The injection of a radiopaque medium into the spinal canal results in activation of monocytes 
into macrophages (Fig. 27-2A). The large cells with round or kidney-shaped nuclei and 
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vacuolated cytoplasm increase in number, become quite conspicuous, and often contain 

phagocytized deposits of the yellow radiopaque material. 

Acute Bacterial Meningitis 

Cerebrospinal fluid in meningitis caused by Neisseria meningitidis, Haemophilus 
influenzae, pneumococci, or other pyogenic organisms, is characterized by the 
dominance of numerous neutrophilic polymorphonuclear leukocytes. The glucose content of 
CSF is reduced and the protein level is markedly elevated. Some offending organisms, such 
as Klebsiella, can sometimes be recognized (Fig. 27-2B). 

Viral Meningitis and Meningoencephalitis 

Viral (aseptic) meningitis may be caused by a variety of RNAor DNA viruses. 

The initial cytologic abnormality, usually of a very short duration (1 or 2 days) is the presence of 
neutrophilic leukocytes (Kolmel, 1976). The neutrophiles are rapidly replaced by a 
population of activated lymphocytes and some plasma cells that may vary in numbers but 
this variability is not indicative of any specific viral type (Fig. 27-2C). Kolmel (1976) reported the 

highest counts (3,000 cells per mm^) in Coxsackie virus meningitis and the lowest count (40 

cells per rnm^) in herpes zoster meningitis. As the disease process progresses, there is an 
increase in monocytes and macrophages (Fig. 27-2D). With healing, the cell count returns 
to normal. 
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It is of interest that the sequence of cellular events in CSF (neutrophilic phase to 
lymphocytic phase to macrophage phase) is similar in all inflammatory afflictions of 
the meninges, regardless of etiology (see below). The lymphocytic picture of viral meningitis 
may cause problems in the differential diagnosis of malignant lymphoma and may require 
a flow cytometric or immunocytochemical analysis of the lymphocytes (Moriarty et al, 1993; 

Windhagen et al, 1999). 

Tick-Borne Encephalitis 

This is a serious CNS disorder, prevalent in central and Eastern Europe. The disease is caused 
by arboviruses, transmitted from wild animals to humans by ticks. Jeren and Vince (1998) 
studied the make-up of the CSF in this disease by morphologic and immunocytologic analyses. 

They observed that, during the first 3 days of the illness, there was a prevalence of 
polymorphonuclear leukocytes, accompanied by a few eosinophiles and basophiles. During 
the second week of illness, the leukocytes were replaced by lymphocytes and macrophages. 

Jeren and Vince documented that the prevalent lymphocytes were T-cells (CD3 positive), 
whereas B-cells (CD20 positive) and macrophages (CD32 positive) were in the minority. Of the 
T-cells, most were suppressor cells (CD8 positive), with a lesser population of helper cells 
(CD4 positive). 

La Crosse Encephalitis 

This sometimes fatal illness occurring in childhood is caused by a mosquito-transmitted virus, 
first isolated in La Crosse County, Wisconsin (McJunkin et al, 2001). The disease may 
masquerade as a viral meningitis or herpetic encephalitis and the diagnosis requires 
identification of the virus. The cerebrospinal fluid shows an increase in lymphocytes in most, 
but not all, cases and, hence, the cytologic findings are not specific. 
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Herpes Simplex Encephalitis 

Encephalitis caused by infection with herpes simplex virus type I or II is characterized by 
hemorrhagic necrosis of the brain (review by Crumpacker et al, 2003). Gupta et al (1972) 
were the first to observe the characteristic virusinduced inclusions in cells in CSF. For the 
detailed descriptions of the herpes virus-induced cellular changes, see Chapter 10. 

Progressive Multifocal Leukoencephalopathy 

This disorder, caused by infection with human polyomavirus type JC, is discussed at length 
in Chapters 22 and 39. This previously rare brain disease has increased markedly in frequency 
with the onset of AIDS (recent summary in Greenlee, 1998). The characteristic homogeneous 
basophilic nuclear inclusions in oligodendrocytes and astrocytes have not been reported in 
CSF. However, the presence of the JC viral DNAmay be documented by polymerase chain 
reaction (PCR) of CSF (Fong et al, 1995). D'Arminio Monforte et al (1997) documented that 
PCR of CSF is at least equal to brain biopsies in the diagnosis of this essentially incurable 
disorder. 

Tuberculosis 

After a lull of several years, tuberculous meningitis is being seen again with increasing 
frequency, in part because of the AIDS epidemic. The cytologic picture is not specific and 
depends on the stage of the disease. In early stages, the CSF is very rich in cells, initially 
neutrophilic leukocytes, followed by transformed lymphocytes, plasma cells, and activated 
macrophages (see Fig. 27-2D). The changes in cell population are accelerated by therapy 
(Jeren and Beus, 1982). The presence of multinucleated giant cells has been noted (Kolmel, 
1976) but this finding is nonspecific. For example, Bigner et al (1985) observed multinucleated 
giant cells in CSF as a reaction to foreign material introduced during surgery and in a 
patient with sarcoidosis. 

Fungal Meningitis 

The most common fungus causing meningitis, particularly in immunocompromised or debilitated 
patients, is Cryptococcus neoformans. This was the most common agent identified in adults 
in a review of nearly 6,000 spinal fluid samples by Prayson and Fischler (1998). The round or 
oval yeast organisms, measuring from 4 to 10 pm in diameter, are provided with a thick, 
mucoid capsule that can be easily visualized by lowering the condenser of the microscope 
(Fig. 27-3A). The diagnosis can be confirmed by a number of mucus stains [mucicarmine, 
periodic acid-Schiff (PAS); Fig. 27-3B], by a silver stain (Fig. 27-3C), or an India ink preparation. 
The organism can also produce single, tearshaped spores and may form hyphae (see Fig. 
27-3C, see Chap. 19). 

The microscopic diagnosis of the mature organism is comparatively easy, the only possible 
source of confusion being grains of powder derived from surgical gloves (see Fig. 27-ID). 
Meningeal cryptococcosis causes only a minimal cytologic reaction in CSF: the 
organisms are accompanied by a scattering of mature lymphocytes and an occasional 
macrophage. 

In immunocompromised hosts, such as patients with AIDS or patients undergoing intensive 
chemotherapy, meningitis caused by other fungi can be observed. Thus, Candida albicans 
(moniliasis), mucormycosis (zygomycosis, phycomycosis), and aspergillosis have been 
observed. Undoubtedly, other fungi will be observed with the passage of time. For a detailed 
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Lyme Disease 

Lyme disease, an ubiquitous infection with the tick-transmitted spirochete, Borrelia 
burgdorferi, may cause meningitis. The CSF may show marked hypercellularity with 
activated lymphocytes in all stages, plasma cells, and macrophages (Benach et al, 1983; 

Steere et al, 1983; Razavi-Eucha et al, 1987). 

Moiiaret's Meningitis 

This exceedingly rare form of periodically recurrent aseptic meningitis of unknown etiology 
has a very characteristic cytologic presentation in CSF (Gledhill et al, 1975; Mollaret, 1977; 

Lowe, 1982; Chan et al, 2003). During the acute phase, the CSF has a very high and 
variegated cellular content with numerous polymorphonuclear leukocytes, 

P.1028 

monocytes, plasma cells, and lymphocytes. The dominant cells, however, are large 
mononucleated (monocytoid) cells with abundant cytoplasm and peculiar nuclei, 
resembling footprints in the sand (Fig. 27-4A,B). To observe these cells, the fluid should be 
obtained within 24 hours after onset of the episode of meningitis (Chan et al, 2003). These 
cells disappear rapidly from the CSF, hence, they are considered to be fragile. Mollaret thought 
that these cells were possibly of endothelial origin, but their derivation is most likely from 
transformed monocytes, capable of phagocytosis (see Fig. 27-4C) (Gledhill et al, 1975; Lowe, 

1982; Chan et al, 2003). Teot and Sexton (1996) supported the monocyte/macrophage lineage 
of Mollaret cells by immunocytochemistry. The presence of herpesvirus simplex DNA in this 
disease has been suggested by polymerase chain reaction (Yamamoto et al, 1991) but could 
not be confirmed by Teot and Sexton (1996). Chan et al (2003) observed herpesvirus simplex 
by PCR in 2 of 14 patients. 




Figure 27-3 Cryptococcus in CSF. A In Papanicolaou stain, the fungus and its 
transparent capsule are well visualized. B. With mucicarmine, the capsule stains intense 
red color. C. With GMS silver stain, the formation of single, tear-shaped buds by the fungus 
is well visualized. (A-C: High magnification.) 
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Lowe (1982) discussed the differential diagnosis of Mollaret's meningitis in CSF by citing 
the findings in a number of very uncommon systemic disorders with incidental meningitis 
(Behget's, Vogt-Koyanagi, and Harada's syndromes). The reader is referred to specialized 
sources for further discussion of these very rare events (Hermans et al, 1972). 

Other Rare Forms of Meningitis 

Sporadic case reports of unusual cytologic findings in CSF in patients with systemic disorders 
and secondary involvement of the CNS appear from time to time in the literature. Thus, Jaeckle 
(1982) described the presence of numerous macrophages phagocytosing hemosiderin in a 
case of systemic lupus erythematosus with transient blindness (Anton's syndrome). De la 
Monte et al (1985) observed a polymorphous cell population (transformed lymphocytes, plasma 
cells, large atypical mononuclear cells) in patients with Sjogren's syndrome with CNS 
involvement. 

Chemical Meningitis 

Chemical meningitis is caused by chemical substances such as chemotherapeutic agents 
injected into the CSF. Under these circumstances, the CSF is sometimes examined by cytologic 
methods. In an occasional case, polymorphonuclear leukocytes and activated 
macrophages can be observed. In a personally observed patient with metastatic mammary 
carcinoma treated with intrathecal methotrexate, enlargement and cytoplasmic 
vacuolization were observed in cancer cells in CSF (see below). 

Endometriosis 

In a personally observed case, periodic headaches synchronous with menstrual bleeding in a 
32-year-old woman, were caused by a focus of meningeal endometriosis. In the CSF, 
clusters of typical endometrial glandular cells were observed. The tap also contained red 
blood cells and hemosiderin-laden macrophages (Fig. 27-5A,B). 

Langerhans ' Cell Histiocytosis 

The finding of large mononuclear cells with nuclear grooves (“coffee bean nuclei”), common in 
this disorder, was reported 
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in CSF by Ghosal et al (2001). For further comments on this disorder, see Chapters 19, 26, and 
31. 
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Figure 27-4 Mollaret's meningitis in a 48-year-old man with recurrent bouts of 
transient meningitis: cerebrospinal fluid. A. Papanicolaou-stained sediment 
characterized mainly by the large, mononucleated (monocytoid) cells, with peculiar nuclei 
of uneven width, resembling footprints. B. The footprint image is enhanced in air-dried 
smears with high magnification, stained with May-Grunwald-Giemsa stain. C. The 
monocytoid cells are capable of engulfing other cells (arrow), hence of phagocytic activity. 
Numerous polymorphonuclear leukocytes, lymphocytes, and plasma cells complete the 
cytologic picture. (A,B: High magnification.) (Courtesy of Dr. D. N. Ferguson. From Lowe, 
E. Mollaret's meningitis. Acase report. Acta Cytol 26:338-340, 1982.) 



Syringomyelia 

Courtesy of Dr. Robert Hutter, highly atypical cells of unknown origin or significance were 
observed in cerebrospinal fluid in a case of syringomyelia, a congenital malformation of the 
spinal cord with progressive cystic dilatation of central canal. The fluid was presumably 
aspirated from the central canal (Fig. 27-5C.D). 
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Neurologic Disorders 
Guillain-Barre Syndrome 

This is an acute, progressive form of neuropathy of unknown etiology. The CSF is 
characterized by an increase in proteins without increase in cell population. Nyland and 
Ness (1978) observed an occasional increase in CSF lymphocytes. We observed a case of 
meningitis in a patient thought to have a Guillain-Barre syndrome with markedly increased 
cellularity. The sediment was composed of lymphocytes and numerous macrophages. The 
possibility that the patient had synchronous meningitis caused by a viral infection could not be 
ruled out. 

Multiple Sclerosis 

Multiple sclerosis is a chronic disorder in which loss of myelin occurs in plaques, affecting the 
white matter in the brain and the spinal cord. The disease, lasting many years and more often 
affecting young women than men, goes through stages of exacerbation and remissions. The 
disease is generally considered to be an autoimmune disorder, although the exact pathogenesis 
has not been determined as yet. There is extensive neurologic literature on the significance of 
cytologic observations in CSF in multiple sclerosis (summary in Andersson et al, 1994). Zeman 
et al (2001) described quantitative and qualitative cytologic changes occurring in CSF 
during the course of the disease. Briefly, the cell counts were only slightly elevated in nearly all 
patients, regardless of stage of disease. The cell population consisted of activated and inactive 
lymphocytes and macrophages whereas neutrophilic leukocytes have never been 
observed. Of particular interest was the presence of “foam cells” or phagocytic 
macrophages and lipophages, that is, macrophages ingesting fragments of myelin, staining for 
fat. Also of note was the presence of immature and mature plasma cells. There is no 
persuasive evidence that the cell counts or cell population is of prognostic value. The counts 
were lower in treated patients but variations may occur spontaneously in the course of the 
disease. Fragments of myelinated nerves have been observed by us in CSF from a young 
woman, during a severe, debilitating relapse of the disease (Fig. 27-6A,B). This appears to be a 
unique observation that has not been reported before. 

Fluid From Ventricular Shunts 

Cerebroabdominal shunts are used to alleviate intracranial pressure and reduce 
hydrocephalus. Bigner et al (1985) described 
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the cytologic finding in the CSF in three patients. Foreign body giant cells, papillary fronds 
derived from the choroid plexus and, in one case, tumor cells from a malignant pineal 
germinoma, were observed. In one ascitic fluid sample, fragments of choroid plexus were 
noted. McCallum et al (1988) also identified cells of the rare choroid plexus carcinoma in 
ascitic fluid of a 5-year-old child with a shunt. Kimura et al (1984) described peritoneal 
implants of an endodermal sinus tumor of pineal origin (see Chap. 26). 
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Figure 27-5 Various unusual benign disorders in CSF. A,B. Endometriosis. Note 
clusters of typical glandular endometrial cells. Note cytoplasmic vacuoles in some of the 
cells. C : D. Syringomyelia; bizarre cells with vacuolated cytoplasm in spinal fluid. ( C : D : 
Courtesy of Dr. Robert Hutter.) 




Figure 27-6 Multiple sclerosis. Fragments of nerve found in the cerebrospinal fluid of a 
39-year-old woman during an acute episode of her illness. (B: Bodian silver stain). 



Cancer Cells 

An obvious condition for a successful cytologic diagnosis of a primary or metastatic 
malignant tumor is the seeding of tumor cells into the subarachnoid space or into the 
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cerebral ventricles. Even in lesions that are in contact with CSF, the number of malignant 
cells observed may be very small; the diagnosis may have to rest on the presence of a 
dozen, or sometimes fewer, malignant cells. However, in this particular setting, even a 
single abnormal cell should be most carefully evaluated as it may prove to be of 
diagnostic value. The sources of error are relatively few and rarely of importance. 

Only in malignant lymphomas and leukemias and the exceedingly rare primary meningeal 
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sarcomas are abundant cancer cells consistently present in CSF. In other malignant 
tumors, the presence of abundant cancer cells in CSF almost invariably indicates an 
extensive involvement of leptomeninges (meningeal carcinomatosis). 

Primary Tumors of the Central Nervous System 

For description, classification, and cytologic presentation of tumors of the central nervous 
system, see Chapter 39. Few of the primary brain tumors involve or spread to the meninges, 
except medulloblastoma and related tumors of childhood (see below). On the rarest 
occasions, high-grade astrocytomas may metastasize to the meninges and the 
extracranial lymph nodes. Pasquier et al (1980) described two such cases and summarized 
more than 70 similar cases from the literature. Additional examples were cited and illustrated by 
Kolmel (1976). 

Thus, the CSF is rarely studied as a means of diagnosis of primary brain tumors in 
adults and the cytologic observations may be considered incidental. In fact, much of the 
writing on this subject is based on touch preparations of biopsy fragments or on CSF obtained 
after surgery (Watson and Hajdu, 1977). Naylor's data (1964) also suggest that the 
cerebrospinal fluid, obtained directly from cerebral ventricles or the cisterna magna, is 
a better medium of diagnosis than spinal tap. Nonetheless, occasionally an unexpected 
diagnosis of a primary brain tumor can be suggested (or confirmed) on cytologic 
examination of the CSF and this is the purpose of this brief synopsis. Several major reviews 
of this subject have been published by Kline (1962), Naylor (1964), Gondos and King (1967), 
Watson and Hajdu (1977), Bigner and Johnston (1981), Ehya et al (1981), and Rosenthal 
(1984). 

The recognition of cells originating in the primary neoplasms of the CNS in CSF depends on 
two factors: anatomic location and degree of differentiation. Tumors located within the 
depths of the brain or the spinal cord, and thus not bathed by CSF, cannot be recognized 
except by direct sampling. Well-differentiated tumors (astrocytomas grade I and II, or 
choroid plexus tumors) cannot be recognized in spinal fluid, except as “unusual” or 
“foreign” cells (i.e., cells that are not normally observed). For example, cells from 
ependymomas usually appear as benign cuboidal or columnar cells. Tumors that shed 
recognizable cancer cells (such as astrocytomas of high-grade, glioblastoma 
multiforme, medulloblastomas and related tumors, or malignant tumors of the pineal) 
may be occasionally recognized in CSF. The cytologic presentation of the most common 
primary tumors of the CNS in CSF follows. 

Low-Grade Astrocytomas (Grades I and II) 

These tumors of glia shed very few, if any, cells into the CSF and we have not seen an example 
of it. According to the published reports, the tumor cells are spindly, although occasionally, 
stellate cytoplasm may be observed. The nuclei are pale, not enlarged, and cannot be 
recognized as malignant. In fact, Bigner and Johnston (1981) pointed out that identical cells 
may be observed in benign destructive processes of the brain. Watson and Hajdu (1977) 
recognized only one such tumor in the CSF. 

High-Grade Astrocytomas and Glioblastoma Multiforme 

The CSF may contain a few abnormal cells with nuclear enlargement and hyperchromasia. In 
the absence of clinical history, an accurate diagnosis is unlikely. In one of the personal cases of 
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glioblastoma multiforme, the CSF contained a moderate number of large cells, some with 
eosinophilic and some with transparent cytoplasm and large single nuclei with prominent 
nucleoli (Fig. 27-7A). The appearance of the cells was suggestive of a metastatic epithelial 
tumor rather than a malignant glioma. However, a review of the corresponding tissue sections 
suggested that these cells were most likely abnormal astrocytes (Fig. 27-7B). Multinucleated 
giant tumor cells, so characteristic of this tumor in tissue, were not seen by us in CSF. When 
observed, they are strongly suggestive of this neoplasm (Kolmel, 1974). The diagnosis of a 
primary high-grade brain tumor in CSF should be made only in the presence of confirmatory 
clinical and roentgenologic evidence. An important caveat is in order here: the presence of 
numerous conspicuous cancer cells in CSF is much more likely to represent a 
metastatic tumor than a high-grade glioma. 

Oligodendroglioma 

Watson and Hajdu (1977) described the cytology of this tumor in a touch preparation as made 

up of uniformly round cells with round and eccentric nuclei provided with nucleoli. This 
is the appearance of these cells in touch preparations seen in our laboratories (see Chap. 39). 

Ependymomas 

Ependymomas, and their cytologic presentation in direct brain samples, are discussed in 
Chapter 39. These tumors may occasionally shed cells in the CSF. In a personally observed 
case of recurrent “cellular ependymoma” in a 19-year-old man, the CSF contained small cells 
with relatively large hyperchromatic nuclei, occurring singly or in small clusters (Fig. 27-7C.D). 

None of the characteristic features of ependymoma (cuboidal or columnar cells in palisade-like 
arrangement or rosette formation) were observed in this case. 

Midline Tumors 

For a discussion of histology and cytology of this group of tumors, see Chapter 39. Only 

germinomas can be recognized 
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in CSF. Thus, Ginhorst and Tskahara (1979) described a case of recurrent pineal germinoma 
with pulmonary metastases in which large tumor cells were recognized in CSF and in 
sputum. Of note was the elevation of the beta subunit of human chorionic gonadotropin in 
CSF. Several additional cases of germinomas with cells in CSF have been described 
(Zaharopoulos and Wong, 1980; Bigner and Johnston, 1981; Geisinger et al, 1984). In patients 
with germinomas and other highly malignant tumors treated with an abdominal shunt, 
the cancer cells may also be recognized in ascitic fluid (see Chap. 26). 
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Figure 27-7 Primary brain tumors in CSF. A Bizarre epithelial-like cells in spinal fluid in 
a case of glioblastoma multiforme, shown in B. C. A cluster of small cells in the CSF in a 
case of ependymoma, shown in D. 



Medulloblastomas and Related Tumors 

Medulloblastomas occur mainly in the cerebellum of children and young adults. The tumors 
are related and morphologically similar to neuroblastomas and retinoblastomas, are highly 
malignant and consistently spread to the meninges, and may also form distant 
metastases (see Fig. 27-8D). After leukemia, this is the most common malignant tumor of 
childhood that can be recognized in CSF (Prayson and Fischler, 1998). For further comments 
on the structure of medulloblastomas, see Chapter 39. 

Cytology 

In CSF, the cells of medulloblastoma are usually numerous and readily identified as 
malignant. The cells vary in size. They are larger in some tumors than in others, but 

within each tumor, remain fairly monotonous (Fig. 27-8A.B). The cancer cells may occur singly, 
in small clusters, and may form rosettes (Fig. 27-8C). The cytoplasm is scanty, readily 
visible, and is sometimes elongated. The nuclei are hyperchromatic. Prominent nucleoli 
are clearly visible in well-fixed and well-stained material. Such cancer cells cannot be 
distinguished from cells of metastatic retinoblastoma (Fig. 27-9AB), or embryonal 
carcinoma, and when occurring singly, may mimic a malignant lymphoma (see below). 
Still, in fortuitous cases, cells of neuroblastoma may show cytoplasmic filaments (see Fig. 
27-9A). 

Choroid Plexus Tumors 

The rare choroid plexus papillomas and carcinomas may also be identified in CSF. The 
papillomas sometimes shed cohesive clusters of epithelial cells in papillary 
arrangements. The cells of carcinomas have the features of any adenocarcinoma, with 
large nuclei and prominent, large nucleoli (Bigner and Johnston, 1981; Kim et al, 1985). As 
always, when confronted with large cancer cells in CSF, the differential diagnosis with 
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metastatic cancer must be considered. Clinical and roentgenologic data are essential in the 
interpretation. 

Spindle Cell Sarcomas 

Spindle cell sarcomas of the brain are very rare, difficult to classify, and highly malignant. We 
have observed one such case with obvious cancer cells in CSF in a patient with a recurrent 
tumor (Fig. 27-10). The cancer cells had no distinguishing features and could have been 
mistaken for cells of metastatic carcinoma because of abundant cytoplasm. 



Figure 27-8 Medulloblastoma in CSF. A There is a large population of small malignant 
cells in a boy age 7. B. Air-dried smear stained with MGG showing the small, monotonous 
cancer cells of this tumor in a 23-year-old male. C. High magnification to show rosette 
formation in the case shown in A D. Histologic appearance of medulloblastoma, 
corresponding to findings shown in B. (B: MGG stain.) 
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Figure 27-9 Neuroblastoma (A) and retinoblastoma ( B ). Both tumors show nearly 
identical small tumor cells in CSF. Note cytoplasmic filaments in A 
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Figure 27-10 Cerebrospinal fluid in a 27-year-old man with recurrent spindle cell 
sarcoma of the cerebellum, previously treated by surgery and radiotherapy. A,B. 
Clusters of obvious, large cancer cells in CSF. The configuration of the clusters is more 
suggestive of a carcinoma than a sarcoma. C. Biopsy of primary tumor showing a spindle 
cell sarcoma. 



Primary Malignant Lymphomas of the Brain 

These tumors are seen with increased frequency in AIDS patients (see Chap. 39). The 
cytologic presentation of lymphomas is described below. 

Squamous Carcinoma 

A case of primary intracranial squamous carcinoma derived from an epidermoid cyst at the 
base of the brain, was described by Bondeson and Fait (1984), who observed keratinized 
cancer cells in CSF. Cells of a ruptured craniopharyngioma resemble squamous cancer cells 
(see Chap. 39). See comment on metastatic squamous carcinoma below. 



TABLE 27-1 CEREBROSPINAL FLUID: DIAGNOSTIC RESULTS WITH SOME PRIMARY 
TUMORS OF THE CENTRAL NERVOUS SYSTEM EXPRESSED AS PERCENTAGE OF 

POSITIVE RESULTS 



Diagnosis 


Gondos and 
King (%) 


Watson and 
Hajdu (%) 


Bigner and Johnston 
++ (%) 


Astrocytoma, grades 1 


25 


oo 

o 

* 


21 


and II 








Astrocytoma, grades 


28.6 


42+ 


35 


III and IV 
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Medulloblastoma 


61.9 


72 


64 


Ependymoma 


23.1 




22 


Meningioma 


0.0 




12 



Grade I through III. 

+ Grade IV only. 

Data from Gondos B, King EB. Cerebrospinal fluid cytology: Diagnostic accuracy and 
comparison of different techniques. Acta Cytol 20:542-547, 1976; Watson CW, Hajdu 
SI. Cytology of primary neoplasms of the central nervous system. Acta Cytol 21 :4-47, 
1977; and Bigner SH, Johnston WW. The pathology of cerebrospinal fluid. II. 
Metastatic cancer, meningeal carcinomatosis, and primary central nervous system 
neoplasms. Acta Cytol 25:461-479, 1981, based on data published by Bischoff [1961], 
Kline [1962], Naylor [1964], Gondos and King [1976], and Balhuizen [1978], 



Results of Cytologic Examination 

It is very difficult to gain a comprehensive picture of the performance of CSF cytology obtained 
by spinal tap in the diagnosis of tumors of the CNS. Most authors combine primary and 
recurrent tumors and do not clearly separate the results based on spinal tap from specimens 
obtained by direct tapping of the cisterna magna, the ventricles of the brain, or even touch 
preparations of biopsies. The data from three surveys are summarized in Table 27-1 . Although 
about 25% of tumors of the CNS have been reported as 
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yielding diagnostic cells in CSF, it has been our experience that the diagnosis of brain 
tumors in routine spinal tap fluids is very uncommon. 

Primary Tumors of Meninges 
Meningiomas 

These relatively common benign tumors of the meninges may be easily identified in needle 
aspiration biopsies, as discussed in Chapter 39. There is no record known to us of finding 
meningioma cells in CSF. 

Primary Meningeal Sarcomas 

These are exceedingly rare tumors arising in leptomeninges. The first published cases of 
this disorder were by Rindfleisch (1903) and by Dufour (1904), who was also the first to 
describe cancer cells in CSF. In a personally observed case, courtesy of Dr. Sol Teitelbaum, 
numerous large malignant cells, singly and in clusters, were seen in the CSF of a young 
man (Fig. 27-1 1A-C). Although the diagnosis of a malignant tumor involving the subarachnoid 
space was evident on cytologic material, the cells were thought to represent a metastatic 
carcinoma until a complete autopsy established the final diagnosis. There was a remarkable 
similarity between this case and the case described by Rindfleisch in 1903 (Fig. 27-11 D). A 
nearly identical case was described by Garbos (1984). As these cases were seen before the 
onset of AIDS, the possibility of a primary large cell lymphoma was not considered in the 
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differential diagnosis and would be unlikely on review. 



* 
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• • • 




• • • 
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D 



Figure 27-11 Primary meningeal sarcoma in a 33-year-old man. A,B. Show low- and 
higher magnification of tumor cells that have epithelial appearance with abundant 
cytoplasm. C. Subarachnoid space filled with tumor cells at autopsy. D. Histologic findings 
in a case of meningeal sarcoma published by Rindfleisch in 1903 (compare with Fig. 27- 
1 1 C). (A-C: Courtesy of Dr. Sol Teitelbaum, Beaumont, Texas.) 



Primary Melanomas of Meninges 

This is a rare disorder that may occasionally be diagnosed by cytology of the CSF before any 
space-occupying lesion is observed on a CT scan (Aichner and Schuler, 1982). Schmidt et al 
(1988) also described such a case and reviewed the literature, noting seven prior cases 
diagnosed by cytology of the CSF. 

Cytology 

The cytologic presentation may vary. In Aichner and Schuler's case, the morphologic 
appearance of the cancer cells was inconspicuous and the melanin pigment was 
scanty. The diagnosis was confirmed by ultrastructural studies that disclosed numerous 
melanosomes in tumor cells. In the case described by Schmidt et al, the huge cancer cells 
had abundant 



melanin pigment that obscured the cellular morphology; the diagnosis was confirmed on 
autopsy. Metastatic melanoma, particularly of skin or occult ocular origin, must be 
considered in the differential diagnosis of these rare cases (see below). 

Leukemias 

Next to the identification of infectious processes, discussed in the opening pages of this 
chapter, the recognition of metastatic malignant tumors, particularly leukemias and 
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lymphomas, is the most important task of cytologic assessment of the CSF. This has 
assumed an even greater significance because of the epidemic of AIDS, wherein the 
development of lymphomas affecting the meninges or the brain is a feared and common 
complication. Malignant lymphomas are also seen with increasing frequency in organ 
transplant recipients, with attendant immunosuppression; such tumors may arise in or involve 
the CNS (Witherspoon et al, 1989). Last, but not least, leukemias, lymphomas, and some 
carcinomas, particularly bronchogenic carcinomas of small-cell type, may be associated 
with treatable occult cerebromeningeal metastases. Early recognition of these 
metastases by cytologic examination of CSF may be critical in deciding on further 
therapeutic measures that may significantly alter the course of the disease. 

The examination of CSF for the presence of leukemic cells, initiated by us around 1960, has 
become a routine procedure, especially in the management of acute leukemia in children. 

It has been shown that leukemic cells may be present in CSF in asymptomatic patients 
with good response to therapy, before there are clinical manifestations of meningeal 
involvement. Thus, CSF cytology serves to monitor the effects of treatment in sequential 
samples of CSF, particularly in children (Aronson et al, 1975; Mayer and Watson, 1980). 

Another occult site of residual or recurrent leukemia in boys is the testis. In such cases, 

prophylactic radiotherapy or chemotherapy to the brain and the meninges or testes 
has been shown to be an essential step in cure, which can now be achieved in a 
substantial proportion of young patients. 

Acute Lymphoblastic Leukemia 

This is, by far, the most common form of leukemia in children that is usually of B-cell derivation. 

The air-dried blood smears or bone marrow smears, stained with Giemsa or another 
hematologic stain, have been the basis of a morphologic classification of acute 
lymphoblastic leukemias into three groups, LI, L2, and L3 (Zucker-Franklin et al, 1988). The 
cells in the LI group are smaller than in the other two groups and usually show spherical nuclei 
with small indentations. Groups L2 and L3 are composed of larger cells. In group L2, the nuclei 
are irregular and show indentations and cleft formation. In group L3, the large nuclei have a 
smooth contour. Although this classification is no longer valid clinically, it is still of some value in 
morphologic recognition of leukemic cells (Harris et al, 2000; Jaffe et al, 2001). For reasons 
unknown, the leukemic cells in CSF show a remarkable polymorphism, not observed in 
smears from the peripheral blood or bone marrow (Kolmel, 1976). 

At all times, contamination of CSF by leukemic cells from peripheral blood may occur. 
Therefore, bloody taps should be considered with particular caution. In blood-free CSF 
specimens, a simple increase in the number of cells of the lymphocytic series in CSF, 
under the appropriate clinical circumstances, must be considered as a major warning that a 
lymphoblastic leukemia may be present. This finding calls for a careful evaluation of the 
cytologic evidence. In acute leukemias or in chronic leukemias in crisis, blast cells in the 
CSF may be readily identified in fixed smears stained with Papanicolaou's method or one of the 
hematologic stains (Spriggs and Boddington, 1959; Rohlfing et al, 1981). In fixed material, the 
cells are recognized because of their large size (two to four times larger than normal 
lymphocytes), a thin rim of delicate transparent cytoplasm, and two characteristic 
nuclear features: the presence of nuclear protrusions and of large nucleoli (Fig. 27- 
12A). The protrusions vary in size and usually have the shape of a nipple. Although the nature 
of the protrusions is not clear, they have a major diagnostic value. Identical nuclear 
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protrusions may be observed in malignant lymphomas (see below) but they are practically 
never observed in normal lymphocytes. In air-dried material stained with Giemsa or 
another hematologic stain, the nuclear protrusions are obvious. Another cell feature that is not 
readily seen in fixed material is hypersegmentation of nuclei. In such cases, the nuclei are 
composed of multiple lobes of various sizes (Fig. 27-12B,C). 

In fixed smears, the nucleoli appear as pink nuclear inclusions. In smears processed by 
hematologic techniques, the nucleoli appear as “empty spaces” within the nucleus. 

Aronson et al (1975) pointed out that cells with large nucleoli that could be classified as blast 
cells, but most likely represent immunoblasts, may also occur in the CSF in marked 
inflammatory lymphocytic reactions. 

The Hand-Mirror Cells 

Another feature that may be from time to time observed in leukemic cells is the presence of 
hand-mirror cells, described as spherical cells with a cytoplasmic projection mimicking 
the “handle of a round mirror” (see Fig. 27-1 4D). They were first observed in lymphocytic 
leukemia (Schumacher et al, 1977A), in T-cell lymphoma (Bernard et al, 1978) and Burkitt's 
lymphoma (Schumacher et al, 1978) but also occur in both lymphoblastic and myeloblastic 
leukemias (Schumacher et al, 1979, 1980; Cereso et al, 1984) and in infectious 
mononucleosis (Thomas et al, 1980). Zaharopoulos et al (1990) observed such cells in the 
CSF in leukemia, lymphoma, and in a leukemoid reaction in a patient with AIDS. Thus, the 
specificity of the hand mirror cell as an expression of leukemia or lymphoma has not 
been proven. In electron microscopy, Schumacher et al (1977B) and Zaharopoulos et al 
(1990) observed long cytoplasmic projections, accounting for the “handle” of these cells. It is 
thought that these cells represent some sort of immune response to unknown antigens. 

Acute Myeloblastic Leukemia 

Contrary to acute lymphocytic leukemia, which occurs mainly in children, the relatively 
uncommon acute myeloblastic 
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leukemia occurs mainly in adults. In CSF stained with Papanicolaou, the morphologic picture is 
similar to that seen in acute lymphocytic leukemia (Fig. 27-1 2D). Hematologic stains and 
immunologic profile are needed to confirm the diagnosis. 
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Figure 27-12 Acute blastic leukemia. A. The appearance of cells in Pap-stained smear 
of CSF from a 7-year-old boy showing the irregular shape of leukemic cell nuclei with 
protrusions and folding. B,C. Air-dried Giemsa-stained smears of CSF at high magnification 
in an 11 -year-old boy showing the bizarre configuration of the nuclei (see text). Large 
nucleoli appear as empty spaces. D. Acute myelogenous leukemia in a 70-year-old man. 
The leukemic nature of the disease is obvious but the type of leukemia could not be 
determined from this smear. ( B,C Courtesy of Dr. Eva Radel, Montefiore Medical Center.) 



Chronic Lymphocytic Leukemia 

The cytologic diagnosis is much more difficult in the rare instances of CSF involvement by 
chronic lymphocytic leukemia (and corresponding small cell lymphomas). If the number 
of cells is large, the cell population is monotonous and composed exclusively of small 
lymphocytes. The diagnosis is fairly secure if the nuclear chromatin of the lymphocytes is 
“lumpy” (cellules grumelees) and the clinical data support the diagnosis. If, however, the 
cell population is polymorphous, the possibility of one of the inflammatory or reactive 
meningitic processes, described above, must be considered. It should be noted that 
leukemias or lymphomas may be associated with a nonspecific meningeal reaction 
because the two disease processes are not mutually exclusive. In such uncommon 
situations, the resolution rests on careful analysis of cytologic and clinical data that may require 
immunocytochemical and flow cytometric analysis. 

Chronic Myelogenous Leukemia 

Cerebrospinal fluid involvement in chronic myelogenous leukemia is very uncommon in my 
experience. When it does happen, the cell population is heterogeneous, with all stages of 
granulocyte precursors represented. The pattern may be mistaken fora metastatic 
cancer. The possibility of a granulocytic sarcoma (chloroma), a tumor-like manifestation 
of chronic myelogenous leukemia with involvement of the brain or meninges, must be 
considered if a population of granulocyte precursors is observed in CSF in the absence of 
clinical leukemia. An example of this entity is shown in Figure 27-13. The case was 
characterized by numerous precursors of eosinophiles with formation of Charcot-Leyden 
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crystals. Lagrange et al (1992) described two patients in whom the first manifestation of chronic 
myelogenous leukemia was a granulocytic sarcoma. 

Malignant Lymphoma 
Non-Hodgkin's Lymphoma 

Meningeal and cerebral involvement in non-Hodgkin's lymphomas is sufficiently frequent to 
warrant the examination of CSF as a routine follow-up procedure (Wiley, 1995). In most 
cases of small-cell lymphoma, the smear 
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pattern in CSF is very similar to that described for acute lymphoblastic leukemia. The 
identification of malignant cells in CSF is similar to that described for effusions (see Chap. 26), 
with special emphasis on the presence of nuclear protrusions and large nucleoli (Figs. 27- 
14 and 27-15). Occasionally, a “lumpy” chromatin pattern may be observed (cellules 
grumelees, see above and Chap. 26). The “hand-mirror cells” were described above with 
acute leukemia (Fig. 27-14D). Such cells were observed in T-cell lymphoma (Bernard et al, 

1978) and in B-cell lymphoma (Zaharopoulos et al, 1990). 




Figure 27-13 Chloroma (granulocytic sarcoma in chronic myelogenous leukemia). 

A Leukemic cells stained with Giemsa showing cytoplasmic differentiation in the form of 
granules. B. Charcot-Leyden crystal in chloroma rich in eosinophiles. [A,B: Giemsa stain, 
oil immersion.) 
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Figure 27-14 Malignant lymphoma in spinal fluid. A Many large lymphoma cells that 
vary somewhat in size and show obvious nuclear abnormalities in the form of protrusions. 
B. Another example of malignant lymphoma showing variation in the size of the tumor cells, 
some of which contain large nucleoli. C. An example of large-cell malignant lymphoma 
showing prominent distortion of nuclear configuration. D. Malignant lymphoma cells, one of 
which shows a cytoplasmic extension, described as “hand mirror cells.” ( B-D : High 
magnification.) 



Cerebrospinal fluid can be used for analysis and classification 
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of malignant lymphocytes by flow cytometry and immunocytopathology (see Case 
Report of the Massachusetts General Hospital, Case 39-1997). The fluid may also be used for 
other studies such as scanning electron microscopy (Domagala et al, 1977). 
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Figure 27-15 Metastatic malignant lymphoma to the meninges. A,B. Lymphoma cells 
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in CSF with mitotic activity and nuclear abnormalities described in text. Note “lumpy” 
chromatin pattern (“cellules grumelees”) in some cells at high magnification. C. A section of 
the original lymph node diagnosed as B-cell lymphoma in a 71 -year-old woman. D. High 
magnification of cerebellum at autopsy shows deep infiltration of the subarachnoid space 
by lymphoma cells. The tumor produced numerous metastases to various organs, including 
the heart. 



Malignant lymphoma, usually of the large-cell type, is a fairly frequent complication of 
AIDS, particularly in children, who nearly all die of it (Fig. 27-16AB). The principles of cytologic 
diagnosis in CSF (and in effusions, for that matter, see Chap. 26) remain the same. On 
occasion, the malignant lymphoma may be primary in the brain (reviews in Bonnin, 1987; 

Hautzer et al, 1987) and the initial diagnosis may have to be rendered on CSF in the absence 
of peripheral disease. The presence of herpesvirus type 8 may be valuable in 
distinguishing a malignant lymphoma from a leukemoid reaction. To establish the 
presence of herpesvirus type 8 in AIDS patients, the CSF can be studied by PCR or by 
immunocytochemistry with a specific antibody (Dupin et al, 1999). 

Rare Forms of Malignant Lymphoma 

Malignant Histiocytosis (Histiocytic Medullary Reticulosis) 

Most malignant tumors, previously classified as malignant histiocytosis, are now thought to be 
T-cell lymphomas. Still, there is a residue of this rare form of lymphoma, characterized by 
erythrophagocytosis and a rapid, unfavorable clinical course. A case of “histiocytosis,” 
primary in the brain and meninges in a young girl, was described by Wolfson (1979). Large, 
abnormal cells with vacuolated cytoplasm were observed in the CSF. Five cases of this 
type were described by Hamilton et al (1982). In four of them, erythrophagocytosis by abnormal 
histiocytes was observed in CSF. The question of precise classification of the diseases in this 
group of patients was discussed and the final diagnosis in some of them was insecure. A case 
of metastatic malignant histiocytosis with cancer cells in CSF was described by Carbone 
and Volpe (1980). Because these reports were published before antibodies to surface markers 
of lymphocytic cells became available, it is possible that the diagnoses would be modified 
today. 

Multilobate Lymphoma 

A case of multilobate lymphoma of the nasopharynx with a bizarre clinical course was 
observed by us (Fig. 27-1 6C,D). The multilobate cells in CSF contained nuclear protrusions, 
each provided with a large nucleolus. The patient died after intensive therapy and there was 
no residual evidence of disease at autopsy. 
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Figure 27-16 Large cell lymphoma in AIDS (A,B) and lymphoma with convoluted 
nuclei ( C,D ). At high magnification, A shows the lymphoma cells with abundant cytoplasm 
and B shows the same cells stained with CD20, an antigen specific for B cells. C,D. 
Lymphoma with bizarre convoluted nuclei and mitotic activity in an elderly man. The nuclear 
cleaving was best seen with Giemsa stain in D. 



Mycosis Fungoides 

Cases of mycosis fungoides (T-cell lymphoma of the skin) with involvement of the CNS was 
described by Lundberg et al (1976) and by Bodenstein (1982). The characteristic Sezary cells, 
with convoluted (cerebriform) nuclei, were observed in CSF (see Chap. 34). 

Plasmocytoma 

The finding of a few plasma cells in CSF, as part of a heterogeneous population of 
inflammatory cells, is frequent in chronic inflammatory processes. If the plasma cells are the 
sole population of cells in CSF sediment, however, the diagnosis of plasma cell myeloma 
must be considered, even in the absence of cytologic abnormalities (Fig. 27-17). This may be a 
direct extension of a vertebral or skull lesion into the subarachnoid space or, very rarely, 
an actual metastasis to the meninges. Cavanna et al (1996) reported such a case with the 
presence of lambda light chains in the CSF and in urine. These authors also reviewed the 
literature on this topic and pointed out that some patients with plasma cells in CSF may have 
plasma cell leukemia. For further description and illustrations of cells of plasma cell myeloma 
in fluids, see Chapter 26. 

Hodgkin's Disease and Lymphoid Granulomatosis 

Involvement of the CNS and the meninges in Hodgkin's disease is extraordinarily rare and 
there is no known record of this disease diagnosed in CSF. Lymphoid granulomatosis is also 
a very rare malignant disorder that may affect the brain (and also the lung and the upper 
respiratory tract). This destructive disease may have a course similar to a malignant 
lymphoma and is associated with Epstein-Barr virus (summary in Guinee et al, 1995). It may 
be mistaken for Hodgkin's disease and is much more likely to shed cells into the CSF, 
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Sources of Error in Cytologic Diagnosis of Leukemia-Lymphoma in CSF 

Borowitz et al (1981) discussed several pitfalls in the diagnosis of leukemia and lymphoma in 
CSF. Ten “false-positive” diagnoses were observed among 34 specimens diagnosed as 
“leukemia-lymphoma.” Several sources of error were identified: viral and fungal meningitis, 
viral encephalitis, contamination with peripheral blood in cases of known leukemia, and a 
postsurgical reaction. Even though the authors attempted to identify the cytologic differences 
between the true-positive and false-positive cases, the evidence presented 
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was not fully persuasive. Many of the “benign” cells illustrated had the characteristics of a 
malignant lymphoma with nuclear protrusions. The paper should serve as a warning that pitfalls 
may occur and great care is required for diagnosis. Several other observers (Rosenthal, 1984) 
also emphasized these sources of diagnostic errors. In our experience, the errors are avoidable 
if strict attention is paid to the morphologic presentation of cells in CSF, as described above. In 
cases of doubt, additional material should be requested and processed by 
immunocytochemistry and flow cytometry. 



A 




Figure 27-17 Multiple myeloma in CSF. A. Asingle plasma cell in CSF suggests multiple 
myeloma. Histologic section at autopsy ( B ). 



CSF in Bone Marrow Transplantation 

Bone marrow transplants, after suitable preparation to eradicate the residual malignant cells, 
are nearly routinely performed in patients with leukemia, less commonly with malignant 
lymphomas, and as an experimental procedure in some solid tumors such as carcinoma of 
the breast. The recipients of bone marrow transplantations are prone to a broad spectrum of 
infections (Fishman and Rubin, 1998) and the development of secondary cancers, mainly 
malignant lymphomas (Witherspoon et al, 1989). The cytology of the CSF in the transplant 
patients may serve two purposes: 

■ To determine the presence of residual disease after transplantation 

■ To monitor patients for evidence of post-transplant infections or new malignant 
tumors 

CSF in bone marrow transplant patients, particularly in patients with leukemias and 
lymphomas, can be studied shortly after transplantation to determine whether any residual 
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cancer cells may be recognized. To our knowledge, there is only one systematic study of this 
problem. Loben thal and Hajdu (1990) reviewed data on 1,049 CSFs from 265 bone marrow 
transplant patients, 127 of whom had leukemia. An increase in benign lymphocytes and 
macrophages was observed in 30%, and leukemia-lymphoma cells were identified in 17% of the 
patients. Contamination of the CSF with peripheral blood was one of the diagnostic problems. 

Another transplant-related disorder is the severe chronic Epstein-Barr virus infection, 
which may also result in significant and often fatal lymphoproliferative disorders, 
associated with hemophagocytosis (Ohshima et al, 1998). 

Metastatic Carcinomas 

Central nervous system involvement by metastatic carcinomas is an ominous event that was 
uniformly and rapidly fatal until the emergence of multidrug intensive chemotherapeutic 
regimens in the 1970s, with some unforeseen consequences. For example, a good response to 
chemotherapy of some small-cell cancers, such as oat cell carcinoma of the lung, failed to 
prevent cerebral and meningeal involvement (Aisner et al, 1979). In other words, these 
tumors, previously virtually incurable, now may respond to treatment but behave in a fashion 
similar to leukemias or malignant lymphomas, described above. For some other 
carcinomas, such as mammary carcinomas, new therapeutic options also altered the short- 
term prognosis. Although cure of these cancers after involvement of the CNS is still impossible, 
short remissions with a good quality of life can now occur. Consequently, the identification 
of cells of metastatic carcinoma has acquired, in some cases, new significance beyond 
diagnosis, as it may lead to aggressive, life-prolonging or life-saving therapy. 

The cytologic presentation of metastatic cancer in CSF depends on the type and site of 
metastases and type of tumor. Single, focal metastases usually shed a limited number of 
cancer cells, singly or in clusters. Massive cytologic evidence of cancer usually indicates 
meningeal carcinomatosis, a diffuse involvement of the subarachnoid space. Still, in our 
experience, the recognition of the organ of origin, or even tumor type, may be extremely difficult 
in cytologic preparations in the absence of clinical history. 

Cancer cells may be accompanied by reactive lymphocytosis and by macrophages. As a 
general rule, cells of metastatic carcinomas, even of small size, are larger than 
transformed lymphocytes. In general, the recognition of metastatic carcinoma in CSF is 
comparatively easy in good preparations. 

The most commonly identified metastatic carcinomas in CSF from women are of mammary 
origin and, in men, of 
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bronchogenic origin. The cytologic presentation of tumor cells in CSF is similar to that 
observed in effusions and described in detail in Chapter 26. 

Mammary Carcinoma 

Small-cell carcinomas, usually of lobular type, shed scattered small cancer cells, 
sometimes of signet ring-type configuration and a central condensation of mucus within 
the cytoplasmic vacuole (“target cell,” see Chaps. 26 and 29). Occasionally, chains of cancer 
cells are noted. Although this cell arrangement is not specific for mammary carcinoma, as it 
may also be observed in other tumors, it should suggest mammary carcinoma in an appropriate 
clinical setting. 

The ductal type of mammary carcinoma sheds large, readily recognizable cancer cells that 
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may sometimes show peripheral cytoplasmic blobs or protrusions. Microvilli may be 
observed, particularly in air-dried preparations (Fig. 27-18). In other cases, cancer cells with 
large nuclei and nucleoli may be recognized. Mitotic figures may occur. 

Bronchogenic Carcinoma 

In general, the cytologic presentation of lung cancer in CSF follows the pattern seen in 
effusions. Squamous or large-cell undifferentiated carcinomas shed large, sometimes 
huge, cancer cells often in small clusters (Fig. 27-19A.B). Adenocarcinomas also shed large 
cancer cells, usually with large nucleoli. Other bronchogenic carcinomas usually shed smaller 
cancer cells, sometimes with cytoplasmic vacuoles. There are sometimes significant differences 
in cancer cell sizes between the primary and metastatic tumors (Fig. 27-19C,D). Oat cell 
carcinoma sheds small cancer cells, often singly and also in clusters, and sometimes 
arranged in short chains with nuclear molding resembling a string of vertebrae (see Chap. 

26). Ringenberg et al (1990) reported on three patients with positive CSF and unknown primary, 
subsequently documented to be of lung origin. 




Figure 27-18 Metastatic carcinoma of breast in CSF. A Large malignant cells with 
abundant cytoplasm, occurring singly and in clusters. B. Large cancer cells showing 
prominent nucleoli and mitotic activity. C. Primary mammary duct carcinoma corresponding 
to B. D. Metastatic mammary cancer cells in CSF showing cytoplasmic blebs and 
protrusions. 



Other Carcinomas 

Carcinomas of virtually every origin may occasionally metastasize to the CNS and be 
recognized as cancers in CSF. Thus, bladder and prostate cancer are seen with fair 
frequency (Eyha et al, 1981). Stastny et al (1996) described the presence of “caudate” cells 
(later renamed “cercariform” cells) in a metastatic urothelial carcinoma (see Chaps. 23 and 26). 
We have also observed metastatic pancreatic, gastric, thyroid and other carcinomas in CSF. 
A case of squamous carcinoma of the cervix recognized in CSF is shown in Figure 27-20. The 
tumor formed a cyst-like metastasis in the spinal cord and the smear contained mainly necrotic 
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squamous cells with only an occasional well-preserved cancer cell. Another case of squamous 
carcinoma of the cervix in CSF was described by Weithman et al (1987). 




Figure 27-19 Metastatic lung cancer in CSF. A,B. Show very large cancer cells with 
abundant cytoplasm. The primary tumor was a poorly differentiated squamous carcinoma. 
C. Bronchial brush specimen showing a poorly differentiated lung cancer, corresponding to 
much smaller cells of the same tumor in spinal fluid, shown in D. 



Metastatic Malignant Melanoma 

Of special interest in adults is metastatic melanoma, which may affect the central nervous 
system as the only metastatic site, sometimes many years after removal of the primary 
tumor. The malignant cells are often numerous, indicating massive meningeal 
involvement, are often remarkably well preserved and, in nearly all such cases, have an 
epithelial configuration (Fig. 27-21 AB). In the absence of pigment formation, the exact 
identification of tumor type may prove difficult, particularly if a history of the primary tumor is 
remote and forgotten or unknown (Fig. 27-21C.D). Rarely, 

R1 044 

abundant pigment may obscure the morphologic details of cells. As has been said in reference 
to other sites of metastatic malignant melanoma, the search for cells with morphologic 
features of a malignant tumor is mandatory in such cases to ascertain that the 
underlying lesion is a melanoma and not melanosis. For further detailed analysis of cells 
of metastatic malignant melanoma and their recognition in fluids, see Chapter 26. 
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Figure 27-20 Smears from spinal fluid containing squamous debris and isolated 
squamous cancer cells from a metastatic cystic squamous carcinoma of the 
uterine cervix. 




Figure 27-21 Malignant melanoma in spinal fluid. A A large cluster of epithelial-type 
cancer cells with spotty brown granular pigment in the cytoplasm. B. High magnification of 
the pigmented cancer cells. C. Another example of metastatic malignant melanoma to CSF 
showing epithelial type cancer cells without pigment formation. D. The lymph node 
containing metastatic malignant melanoma, corresponding to cells shown in C. 



Chordoma 

These tumors of the notochord usually occur at the two extremities of the spinal column, 
either at the cranial end or near the sacrum (review in Rich et al, 1985). In fortuitous and 
extremely rare cases, the characteristic physalipherous cells, provided with a large, 
vacuolated, “bubbly” cytoplasm and a peripheral, spherical nucleus, may be recognized in 
spinal fluid. Sometimes the tumor cells closely mimic cartilage cells. Similar cells, however, may 
be derived from an inadvertently aspirated nucleus pulposus, the central portion of a 
herniated intervertebral cartilage (see Fig. 27-1 C). Ali et al (1995) observed physalipherous 
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cells in the CSF of a 2-year-old girl with chordoma of the cervical spine. For further discussion 
of cytologic presentation of chordomas in aspiration biopsies (FNA), see Chapter 36. 

Childhood Tumors 

Besides leukemias and rare malignant lymphomas, neuroblastomas were seen with a fair 
frequency before introduction of contemporary therapy (see Fig. 27-9A). Contrary to the 
presentation in aspiration biopsies and sometimes in effusion, rosettes were virtually never 
observed in the CSF and only single cancer cells, sometimes with cytoplasmic filaments, were 
noted. Silverman et al (1992) presented a good summary of differences between 
neuroblastomas and the rare primitive neuroectodermal tumors. The latter have not 
been reported in CSF. 

We observed a case of embryonal rhabdomyosarcoma of the inner ear with metastases to 
the spinal cord and cancer cells in the CSF in a 4-year-old child. Small cancer cells with 
relatively abundant eosinophilic cytoplasm were noted but, in the absence of cytoplasmic 
striations, a diagnosis of tumor type could not be established in the fluid (Fig. 27-22). 

Spinal Fluid in Assessment of Effect of Treatment 

Samples of spinal fluid, repeatedly obtained from patients under treatment for metastatic 
involvement of the meningces 
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or the CNS, may yield information on the response of the tumor to therapy. The effects of 
therapy on the CSF cytology in acute leukemia have been studied by Aaronson et al 
(1975). It was shown that, with the onset of therapy, there is a rapid and marked reduction of 
blast cells, leading to their complete disappearance. Also, in leukemias and malignant 
lymphomas, apoptosis (karyorrhexis) of tumor cell nuclei has been observed by us during 
and after treatment. 
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Figure 27-22 Rhabdomyosarcoma of middle ear shedding cells in CSF of a 4-year- 
old boy. A,B. Show small cancer cells ( B : high magnification). C. Shows the primary tumor. 
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In epithelial tumors, cell changes, mainly enlargement and vacuolization of the nucleus 
and cytoplasm, may be brought about by radiotherapy or chemotherapy. We have observed 
such changes in cells of mammary carcinoma, treated with intrathecal methotrexate. Except for 
the investigation by Aaronson, cited above, there has been no systematic investigation of these 
changes and the observations are anecdotal. 

MISCELLANEOUS FLUIDS 
SYNOVIAL FLUID 
Normal Synovial Fluid 

Viscous synovial fluid, which lubricates the joints, is secreted by synovium, a membrane 
lining the joint capsules, provided with a highly specialized epithelium. Under normal 
circumstances, the fluid forms a thin layer moistening the surface of the joints. Normal synovial 
fluid is, therefore, very rarely studied. In fortuitous cases, the fluid is essentially acellular, 
except for a few synovial lining cells that resemble small mesothelial cells (see Chap. 25) 
and debris, possibly representing fragments of cartilage. The volume of synovial fluid may 
increase after trauma or inflammation and can then be aspirated for cytologic analysis. 

Cytology in Nonmalignant Disorders 
Ganglion Cysts 

Ganglion cysts are a common benign disorder of synovial membranes, observed clinically as a 
smooth subcutaneous swelling that fluctuates on pressure. The cysts are usually located 
at the level of a joint or a bursa. The diagnosis of a ganglion cyst is usually established 
clinically and aspiration of the fluid is usually performed for therapeutic rather than diagnostic 
purposes. Dodd and Layfield (1996) observed that the aspirated fluid was thick and 
gelatinous. Cytologic examination revealed rare macrophages embedded in a gelatinous 
matrix. Perhaps the most important role of cytologic examination is to rule out the rare 
neoplastic lesions mimicking ganglion cysts. 

Inflammatory Disorders 

During the acute stage of inflammatory disorders (acute arthritis caused by trauma or by 
bacterial infection), the 

P.1046 

number of cells in synovial fluid is greatly increased, the majority being polymorphonuclear 
leukocytes. Naib (1973) pointed out that in traumatic arthritis, degenerated cartilage cells 
may be observed singly and in sheets. Cartilage cells and fragments may also be present in 
degenerative joint diseases (osteoarthritis) of various etiologies. 

Acute arthritis may also occur as a complication of gonorrhea and other incidental bacterial 
infections caused by organisms such as streptococci and staphylococci. Reiter's syndrome, 
which causes acute arthritis and inflammation of the conjunctiva and urethra, is caused by an 
infection with Chlamydia species that may be recognized as tiny intracytoplasmic inclusions in 
synovial cells (Naib, 1973). Fora detailed discussion of chlamydial agents, see Chapter 10. 

In chronic inflammatory disorders, the synovial fluid greatly resembles other benign 
effusions: synovial (mesothelial) cells, leukocytes, and macrophages are evident. 



1809/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 27 - Cerebrospinal and Miscellaneous Fluids 

Villonodular Synovitis and Giant Cell Tumors of Tendons 

Villonodular synovitis is a chronic inflammatory condition in which there is a thickening of the 
synovial membrane, associated with papillary proliferation of synovial cells, 
macrophages containing brown hemosiderin pigment, and multinucleated giant cells. The 
affected joint is usually swollen with accumulation of synovial fluid. The condition may occur 
in any joint, even the temporomandibular joint, as in a case reported by Yu et al (1997) and it 
may be recognized in synovial fluid. 
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Figure 27-23 Pigmented villonodular synovitis. Papillary clusters of synovial cells from 
a wrist lesion in a 36-year-old woman. A Papanicolaou stain and B MGG stain show 
monotonous small nuclei and good cohesiveness of cells' clusters. C. A compact papillary 
cluster of synovial cells from the knee of a 43-year-old man. D. Another papillary cluster of 
synovial cells from the same case as C. 



Structurally similar lesions may occur in bursae and tendon sheets and may be diagnosed by 
fine-needle aspiration biopsy (FNA) (Agarval et al, 1997; Layfield et al, 1997; Shapiro et al, 

2002 ). 

Smears of synovial fluid reflect the histologic findings. Sheets of synovial cells, sometimes 
forming papillary clusters, may be the best evidence of this disorder (Fig. 27-23). Polygonal 
large epithelial cells of various shapes and macrophages, usually containing brown 
cytoplasmic granules of hemosiderin, are observed next to scattered multinucleated 
giant cells of osteoclastic type that may contain up to 50 nuclei. The nuclei of the giant 
cells are dispersed throughout the cytoplasm, vary somewhat in size, and may contain 
visible nucleoli (Fig. 27-24). Some of the giant cells resemble the so-called Touton giant 
cells, in which the nuclei show a wreath-like peripheral arrangement. Similar cytologic 
observations were 
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reported by Chhieng et al (1997). This type of giant cells may also be observed in other forms 
of chronic synovitis and in giant cell tumors of bone involving joints (see below). 
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Figure 27-24 Pigmented villonodular synovitis from the middle finger of a 34-year- 
old woman. A Shows a large, compact cluster of synovial cells and a multinucleated giant 
cell of osteoclastic type. B. Dispersed synovial cells showing abundant cytoplasm and 
peripheral nuclei with prominent nucleoli. The background shows inflammatory cells. C. 
Two multinucleated giant cells accompanied by dispersed synovial cells. D. Histologic 
section of the lesion showing proliferation of synovial cells with several dispersed 
multinucleated giant cells. (Case courtesy Dr. Jacek Sygut, Kielce, Poland.) 



Nearly identical cytologic abnormalities are observed in FNAs of the extraarticular 
tenosynovial giant cell tumor of soft tissues, either located in the immediate vicinity of 
joints or elsewhere (Gonzalez-Campora et al, 1995; Layfield et al, 1997). This tumor may also 
show cytogenetic abnormalities affecting chromosomes 1 and 2 that may also be found in 
villonodular synovitis (summary in Gonzalez-Campora et al, 1995). 



Another important point of differential diagnosis is formation of the callus after fracture of 
bone adjacent to the joint. In aspirates of joint fluid, large multinucleated giant cells 
(osteoclasts) may be evident mimicking villous synovitis (Fig. 27-25). Megakaryocytes may 
also be sometimes inadvertently aspirated from adjacent bone marrow by an inexperienced 
person. 



Rheumatoid Arthritis 

This chronic disease, presumed to be of immunologic etiology, may affect patients of all ages, 
and it is usually diagnosed by clinical and laboratory data rather than cytology. Progressive 
deformity and painful swelling of joints is the hallmark of the disorder. Formation of 
classical rheumatoid nodules in the soft tissues surrounding the joints, or in internal organs, 
was discussed in Chapter 25. 

Synovial fluid in rheumatoid arthritis has been studied, notably by Hollander et al (1966). The 
fluid, which is usually sticky and may coagulate on standing, shows evidence of acute and 
chronic inflammation and sometimes scattered fragments of cartilage and chondrocytes. Of 
special note is the presence of neutrophilic polymorphonuclear leukocytes containing in 
their cytoplasm from 2 to 15 dark, basophilic, round inclusions (Fig. 27-26). Hollander 
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named these cells R(heumatoid) A(rthritis) cells, whereas Delbarre (1964) named such cells 
ragocytes, and this name has been generally accepted. It has been postulated that the 
inclusions represent an accumulation of immunoglobulins (Fallet, 1968). Naib (1973) has 
observed such cells in other disorders affecting joints, for example in rheumatic arthritis, and 
considered ragocytes as specific for rheumatoid arthritis, only if found in excess of 10% 
of the cell population in the synovial fluid. 
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Figure 27-25 A callus imitating villonodular synovitis. A. A multinucleated giant cell of 
osteoclastic type. B. Corresponding tissue section showing proliferation of fibroblast and 
multinucleated giant cells in a callus of ribs. 



Disseminated Lupus Erythematosus 

Lupus erythematosus (LE) cells can be observed in joint fluid accompanying this disease. 
For a detailed description of these cells, see Chapter 25. 

Gout and Pseudogout 

Gout is a chronic and painful inflammation of joints caused by faulty metabolism of urates, 
affecting mainly the great toe but also other joints, and even the temporomandibular joint. Naib 
(1973), Suprun and Mansoor (1973), Liu et al (1996), and Nicol (1997) reported the presence 
of uric acid crystals in synovial fluids. The birefringent crystals are needle-shaped and 
either lie freely in fluid or are phagocytosed by polymorphonuclear leukocytes. The crystals are 
diagnostic of gout. They can be observed in fluids aspirated from various joints. Larger 
deposits of uric acid crystals form palpable nodules or tophi. Figure 27-27 shows a fragment of 
a tophus aspirated from a toe mass in a patient with gout. 





UMi.* 1 FI Z y 

^ ^ t . 4 . ♦ 

* . 

, a •< 

V • 4 VI ‘‘a 

* * 


* • v 


• * 

y .*<> t • • 

% K «< «, 

• • 


• * 




* * ' ’ l * . J* ' V 


• * 


• 7 .* • \ »? 



1812/3276 




Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 27 - Cerebrospinal and Miscellaneous Fluids 



Figure 27-26 Ragocytes in smear and cell block. Note neutrophilic polymorphonuclear 
leukocytes containing dark basophilic inclusions in their cytoplasm. (Photographs courtesy 
of Dr. Bernard Naylor, Ann Arbor, Mich.) 



Pseudogout is an inflammatory, often hereditary, joint disease, caused by deposition of 
calcium salt crystals. Zaharopoulos and Wong (1980) observed calcium pyrophosphate 
crystals in fresh joint fluids, in the form of rod-shaped or rhomboid structures. 

Other Inorganic Material and Crystals in Synovial Fluids 

In various forms of arthritis, noncrystalline deposits of calcium were occasionally noted. 

Other crystals, such as the flat, rhomboid, “broken glass” cholesterol crystals, can 
occasionally be observed (Naib, 1973). Naib also reported talcum crystals observed in 
synovial fluid after surgical repair. 

Malignant Tumors in Synovial Fluid 

For a successful diagnosis of a malignant tumor in synovial fluid, the tumor either has to 

originate in the joint or invade the joint from adjacent bone, leading to an accumulation 
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of synovial fluid as the first evidence of disease. These events are uncommon and the recorded 
cases are very few. Meisels and Berebichez (1961) reported three cases of osteogenic 
sarcoma diagnosed on synovial fluid, two from the lower extremities and one from the shoulder. 

The cytologic findings were those of malignant tumors but the specific features of this tumor, 
that is, formation of primitive bone, were not recorded. We have also observed one such case 
in a joint fluid aspirated from the knee of a 12-year-old boy. The diagnosis of a malignant tumor 
could be established on the smear whereas the cell block contained a fragment of osteoid- 
forming tumor (Fig. 27-28A.B). Naib (1973) reported two cases of synovial sarcoma, 
described as malignant cells of epithelial type. The biphasic nature of the tumor was not 
reported. We observed a case of a recurrent giant cell tumor of bone in synovial fluid, 
characterized by numerous multinucleated osteoclast-like giant cells, shown in Figure 27- 
28C. For a detailed description of cytology of these tumors, see Chapter 36. 
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Figure 27-27 A tophus of toe. Inadvertently aspirated tophus consisting of innumerable 
needle shape crystals of uric acid in a patient with gout. Afew inflammatory cells are 
attached to the periphery of the tophus. 




Figure 27-28 Bone tumors in synovial fluid. A,B. Show osteogenic sarcoma in a smear 
(A) and cell block (B). Scattered highly malignant cells are present in this smear. Formation 
of osteoid is seen in the cell block. C. Giant cell tumor of bone. Several multinucleated 
giant cells and scattered stromal cells may be observed. 



Metastases to joints are also rare and only a few such cases have been reported. Naib 
reported four metastatic tumors recognized in synovial fluid, one from a prostatic carcinoma. 
The cytologic findings were those of a malignant tumor but were not specific for tumor type. 
Thompson (1996) also reported two such cases, one an oat cell carcinoma of lung origin and 
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one of non-Hodgkin's lymphoma. We have observed a case of pulmonary adenocarcinoma in 
knee joint fluid. Although the tumor type was not evident in the smear, the cell block contained 
fragments of adenocarcinoma. 

HYDROCELE FLUID 

Aspiration of fluids accumulating in the mesothelial sac, or the tunica vaginalis of the testes 
(a hydrocele), is a common procedure. Usually the fluids are clear and nearly acellular, but 
occasionally, markedly atypical mesothelial cells 
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with enlarged and markedly hyperchromatic nuclei, singly and in sheets, may be observed 
therein (Fig. 27-29). These cells, which mimic malignant cells to perfection, are an 
important source of diagnostic error. Similar observations were reported by Piscioli et al 
(1983) and by Stephen et al (1999). 
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Figure 27-29 Hydrocele fluid. A,B. Hydrocele fluid containing numerous epithelial-like 
cells with hyperchromatic nuclei, mistaken for a malignant tumor. C. Histologic appearance 
of the hydrocele sac showing massive proliferation of mesothelial cells, the source of cells 


shown in A and B. 





Malignant Tumors 

Rare primary mesotheliomas have been observed in tunica vaginalis testis and in hernia 
sacs (Tang et al, 1976). A case of primary malignant mesothelioma of the tunica vaginalis 
testis, identified in hydrocele fluid, is described and illustrated in Chapter 26. Because benign 
nodular proliferation of mesothelial lining may also occur and may shed atypical 
mesothelial cells, the differential diagnosis between benign and malignant mesothelial 
proliferation may be difficult and is discussed in Chapter 26. 

Occasionally, a malignant testicular tumor, usually a seminoma, may be observed in 
hydrocele fluid. For discussion of cytologic presentation of seminomas, see Chapter 33. An 
extremely rare malignant tumor is the melanotic neuroectodermal tumor of infancy 
(previously known as a retinal anlage tumor [Kapadia et al, 1993]). The tumor mimics 
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embryonal eye formation and contains pigmented (retinal) cells. Toda et al (1998) described 
the cytology of one such tumor located in the epididymis of a 5-year-old infant. Small and 
large melanin-containing cancer cells were described. The cytology of nonmelanotic 
primitive neuroectodermal tumors in other locations was discussed by Silverman et al 
(1992). 

AMNIOTIC FLUID 

Amniocentesis, or aspiration of amniotic fluid, usually past the 16th week of pregnancy, is 
performed under ultrasound guidance for the identification of congenital abnormalities in the 
fetus and for the determination of fetal sex. 

Cytology of Normal Amniotic Fluid 

Although the principal tool in the study of amniotic fluid is a cytogenetic analysis, the 
morphology of the cells in the fluid is occasionally of interest. A detailed analysis of the cells 
found in amniotic fluid with histologic correlation has been reported by Casadei et al (1973), 

Morris and Bennett (1974), Schnage et al (1982), Blekinsopp et al (1984), and Greenebaum et 
al (1997). 

The cells of fetal origin are: 

■ Anucleated squames of buccal or skin origin 

■ Nucleated squamous cells of superficial and intermediate type, of skin, vaginal, and 
buccal origin 

■ Epithelial cells derived from the urinary tract 

■ Nucleated cells of parabasal type, probably of amniotic origin 
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■ Amnion cells, occurring singly or in sheets and clusters 

■ Fragments of chorionic villi 

■ Macrophages 

Blekinsopp et al (1984) analyzed the proportion of various cell components in amniotic fluid 
from 480 patients who were 16 to 20 weeks pregnant. Actual cell counts were performed in 
cytocentrifuge preparations of 50 normal fluids. Squamous cells of superficial and 
intermediate type formed 80% of the cell population in the samples. The recognition of 
these cells presented no difficulties, as their morphology was identical with similar cells of 
female genital tract or respiratory tract origin. Schrage et al (1982) also identified superficial 
urothelial “umbrella” cells in amniotic fluid (see Chap. 22). 

Amnion cells, singly and in sheets, constituted 12% of the cell population. The cells 
were about the size of small parabasal squamous cells, with central small nuclei, and were 
distinguished by marked peripheral thickening of the cytoplasm. Occasionally, the nuclei 
of the amnion cells were peripheral. 

Small macrophages, always occurring singly, formed about 2% of the cell population. The 
cells had vacuolated cytoplasm. Some of the macrophages had an elongated cytoplasmic 
tail and were thought to represent cells known as Hofbauer cells of the placenta. 

The remainder of the cell population was represented mainly by nucleated fetal 
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erythrocytes, somewhat larger than mature erythrocytes. Small lymphocytes and 
neutrophils were observed. 

The placenta was represented by tips of chorionic villi, seen as cohesive clusters of 
small, tightly bound cells, usually with sharply demarcated clear cytoplasmic borders, that 
constituted 16% of the normal specimens. Placental cytotrophoblasts were identified as 
small, usually cuboidal basophilic cells, with somewhat hyperchromatic nuclei with a coarse 
chromatin pattern. Syncytiotrophoblasts were observed as large multinucleated cells. 

Determination of Fetal Sex 

Next to chromosomal karyotyping, the most reliable methods for determination of fetal sex are 
the count of sex chromatin bodies and identification of Y chromosomes in squamous 
cells. In female fetuses, the sex chromatin bodies are usually found in 20% or more of 
squamous cells. It is of interest that a low percentage of cells with sex chromatin bodies 
(up to 4%) may be observed in male fetuses, probably because of contamination with 
maternal cells. The identification of the male Y chromosome by quinacrine fluorescence or 
fluorescent in situ hybridization are very reliable. Errors are very few and usually pertain to a 
very small Y chromosome or a laboratory error (Adams et al, 1973). Since the size of the Y 
chromosome is an inherited characteristic, Adams et al (1973) recommends a simultaneous 
examination of the father's Y chromosome to determine its size. 

Other methods of sex determination, based on counts of cyanophilic squamous cells, or the 
determination of the karyopyknotic index in amniotic fluids stained with Papanicolaou method 
(Arendzen and Huisjes, 1971; Hudson, 1975), are no longer used. 

Estimation of Gestational Age 

The estimation of lipid-containing cells stained with Nile blue sulfate as an index of fetal 
maturity was discussed by Johannsen (1974). This paper contains a summary of reported 
data and records an accuracy of plus or minus 1 week in 72% of 106 women studied. The 
method is cited for historical reasons, as the gestational age can now be determined with great 
accuracy by ultrasound examination. 

Estimation of Fetal Death 

Amniotic fluid containing necrotic cells, ciliated cells of respiratory tract origin, bacteria, 
fungi, or intranuclear inclusions, consistent with a herpesvirus infection, are strongly 
suggestive of fetal death in utero. 

Identification of Congenital Abnormalities 

The principal reason for transabdominal sampling of amniotic fluid, or amniocentesis, that can 
be performed in the 16th week of pregnancy, or the sampling of chorionic villi that can be 
performed after 8 weeks of pregnancy, is the recognition of congenital abnormalities. One of 
these procedures should be performed on women with a high risk for an abnormal 
pregnancy because of age or other factors. Cytogenetic techniques, performed in licensed 
and appropriately supervised laboratories, offer nearly foolproof evidence of almost all major 
chromosomal disorders. 

Processing of Amniotic Fluid 

In the state of New York, each cytogenetic examination must be performed twice, on two 
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samples of the same fluid, to ensure the highest possible level of accuracy. The cells from the 
amniotic fluid are cultured in two separate incubators, treated with colchicine to arrest mitotic 
division in the metaphase stage, and the chromosomes analyzed for number and morphology, 
using the Giemsa (G)-banding technique. The most commonly encountered karyotypic 
abnormality is Down's syndrome (trisomy 21) with other abnormalities being much less 
frequent (for further discussions, see Chap. 4). 

Chorionic Villi Sampling 

In skilled hands, amniocentesis may be replaced by a cytogenetic analysis of tissue obtained by 
a direct biopsy of placental chorionic villi, preferably under ultrasound guidance (Horwell et al, 

1983; Simoni et al, 1983). There is one clear advantage to this method: the analysis may 
be performed from the 8th week of pregnancy on, when a termination of pregnancy, if 
desired, is much easier than after the 16th week of pregnancy, required for amniocentesis. The 
tissue is processed in a fashion similar to the amniotic fluid. The disadvantage of the method 
is the difficulty with obtaining 
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adequate chromosomal spreads. The chromosomes tend to be “fuzzy” and the cytogenetic 
analysis is more difficult than in amniotic fluids. A short-term culture of the trophoblastic tissue 
improves the quality of the preparations. The fetal wastage (induced abortions) is about 1% of 
pregnancies, apparently somewhat higher than for amniocentesis (Rhoads et al, 1989; Doran, 

1990). 

Neural Tube Closure Defects 

Neural tube closure defects may result in a broad range of congenital abnormalities, ranging 
from anencephaly, which is not compatible with survival, to spina bifida. The recognition of 
these abnormalities is based on ultrasound examination of the fetus, supported by elevation of 
alpha-fetoprotein levels in the amniotic fluid. However, before this technology was 
perfected, a cytologic analysis of the amniotic fluid was diagnostic of anencephaly, with 
a high level of accuracy in experienced hands (Chapman et al, 1981; Blenkinsopp et al, 

1984). Lesser degrees of neural tube closure defect, such as spina bifida, could not be 
identified by cytologic methods. 

Anencephaly was characterized by the presence of numerous primitive neural cells and 
large, pigmented, lipin-laden macrophages. The neural cells were small, about 5 to 6 
pm in diameter, with barely visible cytoplasm and densely staining nuclei. The cells occurred 
singly and in loosely structured clusters, some of which, in the view of this writer, 
resembled rosettes seen in neuroblastomas. An excellent correlation of these cells with 
cells present in histologic material on the surface of the neural defect was illustrated 
(Blenkinsopp et al, 1984). The method may still prove to be of diagnostic value in the absence 
of suitable ultrasound equipment. Greenebaum et al (1997) confirmed by immunocytochemistry 
that the small cells were of neural origin. 

Molecular Biologic Techniques 

Prenatal screening may be performed to detect genetic abnormalities associated with several 
congenital disorders. Thus, mucoviscidosis (cystic fibrosis), Huntington's disease, and 
several other inheritable abnormalities may be discovered, some of which may be amenable to 
treatment. The description of these observations is beyond the scope of this book and the 
reader is referred to other sources. 
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Amniotic Fluid Embolism 

Amniotic fluid embolism is an often fatal complication of childbirth, caused by the transfer of 
amniotic fluid to maternal circulation, with resulting embolization of the lung by fetal 
squamous cells. Botero and Holmquist (1979) were the first to describe finding fetal 
anucleated squamous cells in a blood sample obtained through a Swan-Ganz catheter 
from the right heart of a patient with amniotic fluid embolism. Several similar case reports 
have appeared in the literature (summary in Lee et al, 1986). Of note was the use of an 
antibody to human keratin that facilitated the recognition of squamous cells (Garland and 
Thompson, 1983). Clearly, the use of monoclonal antibodies to keratin filaments would be 
equally useful. 

Other Fluids 

From time to time, other body fluids are examined cytologically. As an example, Tanaka et al 
(1985) reported on washings of a maxillary sinus in a case of carcinoma associated with 
aspergillosis. 

BIBLIOGRAPHY 

Aaronson AG, Hajdu SI, Melamed MR. Spinal fluid cytology during chemotherapy of 
leukemia of the central nervous system in children. Am J Clin Pathol 63:528-537, 1975. 

Abati AD, Kimmel M, Rosen PR Apocrine mammary carcinoma. A clinicopathologic study 
of 72 cases. Am J Clin Pathol 94:371-377, 1990. 



Abdul-Karim FW, El-Naggar AK, Loyce MD, et al. Diffuse and localized tenosynovial 
giant cell tumor and pigmented villonodular synovitis. A clinicopathologic and flow cytometric 
DNA analysis. Hum Pathol 23:729-735, 1992. 

Adams C, Kilpatrick B, Kabacy G, Fialko Gand Dumars KW. Fetal sex determination. 
Acta Cytol 17:233-236, 1973. 

Afifi AM. Myeloma cells in the cerebral spinal fluid in plasma cell neoplasia. J. Neurol 
Neurosurg Psychiatry 37:1162-1165, 1974. 



Agarval PK, Gupta M, Srivastava A, Agarval S. Cytomorphology of giant cell tumor of 
tendon sheath. Acta Cytol 41:587-589, 1997. 

Aichner F, Schuler G. Primary leptomeningeal melanoma: Diagnosis by ultrastructural 
cytology of cerebrospinal fluid and cranial computed tomography. Cancer 50:1751-1756, 
1982. 



Aisner J, Aisner SC, Ostrow S, et al. Meningeal carcinomatosis from small cell carcinoma 
of the lung. Consequences of improved survival. Acta Cytol 23: 292-296, 1979. 



AM SZ, Semmelmeier SB, et al. Cytology of cervical chordoma in cerebrospinal fluid from 
a child. A case report. Acta Cytol 39:766-769, 1995. 



1819/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 27 - Cerebrospinal and Miscellaneous Fluids 



Andersson M, Alvarez-Cermeno J, Bernardi G, et al. Cerebrospinal fluid in the 
diagnosis of multiple sclerosis: a consensus report. J Neurol Neurosurg Psychiatry 57:897- 
902, 1994. 

Arendzen JH, Huisjes HJ. A simple method for prenatal determination of sex. Acta Cytol 
15:316-317, 1971. 

Aronson A, Garwicz S, Sornas R. Cytology of the cerebrospinal fluid in children with 
acute lymphoblastic leukemia. J. Pediatr 85:221-224, 1974. 



Astaldi A, Pasino M, Rosanda C, Massimo L. T and B cells in cerebrospinal fluid in acute 
lymphocytic leukemias. N Engl J Med 294:550-551, 1976. 



Audy S, Ivic J, Kuvacic I, Drazancic A. Antenatal sex determination in amniotic fluid 
samples. Acta Cytol 21:330-333, 1977. 

Balhuizen JC, Bots GTAM, Schaberg A, Bosman FT. The value of cerebrospinal fluid 
cytology for the diagnosis of malignancies in the central nervous system. J Neurosurg 
48:747-753, 1978. 

Barnett HR, Nevin M. The value of the Nile blue test in estimating fetal maturity in normal 
and complicated pregnancies. J Obstet Gynaecol Br Commonw 77:151, 1970. 

Benach JL, Bosler EM, Hanrahan JP, et al. Spirochetes isolated from the blood of two 
patients with Lyme disease. N Engl J Med 308:740-742, 1983. 

Bench JL, Bosler EM, Hanrahan JP. Spirochetes isolated from the blood of two patients 
with Lyme disease. N Engl J Med 308:740-742, 1983. 

Bergdahl L, Boquist L, Lillequist B, et al. Primary malignant melanoma of the central 
nervous system. Acta Neurochir 26:139-149, 1972. 

Bernad PG, Taft PD. Cytologic diagnosis of intraventricular hemorrhage in a neonate. Acta 
Cytol 24:4-6, 1980. 



Bernard A, Boumsell L, Bayle C, et al. Hand-mirror cells in T-cell lymphoma. Lancet 
2:785-786, 1978. 



Bigner SH, Elmore PD, Dee AL, et al. Unusual presentations of inflammatory conditions 
in cerebrospinal fluid. Acta Cytol 29:291-296, 1985. 

Bigner SH, Elmore PD, Dee AL, Johnston WW. The cytopathology of reactions to 
ventricular shunts. Acta Cytol 29:391-396, 1985A. 



1820/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 27 - Cerebrospinal and Miscellaneous Fluids 

Bigner SH, Johnston WW. The cytopathology of cerebrospinal fluid. I. Nonneoplastic 
conditions, lymphoma and leukemia. II. Metastatic cancer, meningeal carcinomatosis and 
primary central nervous system neoplasms. Acta Cytol 25:335-353; 461-479, 1981. 

Bischoff A. Erfahrungen mit der Tumordiagnostic in liquor cerebrospinalis. Acta Neurochir 
9:510-524, 1961. 

Blenkinsopp WK, Chapman PA, Bernard RO. Amniotic fluid cytology in the antenatal 
diagnosis of neural tube closure defects. In Koss LG, Coleman DV (eds). Advances in 
Clinical Cytology, vol 2. New York, Masson Publishing, 1984, pp 291-306. 

Bodensteiner DC, Skikne B. Central nervous system involvement in mycosis fungoides. 

Diagnosis, treatment and literature review. Cancer 50: 1181-1184, 1982. 

Bondeson L, Fait K. Primary intracranial epidermoid carcinoma. Acta Cytol 28: 487-489, 

1984. 

Bonnin JM, Garcia JH. Primary malignant non-Hodgkin's lymphoma of the central nervous 
system. Pathol Annu 22:353-375, 1987. 



Borowitz M, Bigner S, Johnston WW. Diagnostic problems in the cytologic evaluation of 
cerebrospinal fluid for lymphoma and leukemia. Acta Cytol 25:665-674, 1981. 



Botero SD, Holmquist ND. Cytologic diagnosis of amniotic fluid embolus. Acta Cytol 
23:465-466, 1979 

Bots GT, Went LN, Schaberg A. Results of a sedimentation technique for cytology of 
cerebrospinal fluid. Acta Cytol 8:234-241, 1964. 

~ P.1053 



Brambati G, Simoni O, Danesino G. First trimester fetal diagnosis of genetic disorders J 
Med Genet 22:92-99, 1985. 

Carbone A, Volpe R. Cerebrospinal fluid involvement by malignant histiocytosis. Acta Cytol 
24:172-173, 1980. 



Casadei R, D’Ablaing Gl, Kaplan BJ, Schwinn CP. A cytologic study of amniotic fluid. 
Acta Cytol 17:289-298, 1973. 

Case Records of the Massachusetts General Hospital. Case 39-1997. N Engl J Med 

337:1829-1837, 1997. 

Case Records of the Massachusetts General Hospital. Weekly clinicopathological 
exercises. Case 8-2001. A 61 -year-old man with transient quadriplegia and apnea. Case 8- 
2001 N Engl J Med 344:832-839, 2001. 



1821 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 27 - Cerebrospinal and Miscellaneous Fluids 



Cavanna LR, Invernizzi, et al. Meningeal involvement in multiple myeloma: Report of a 
case with cytologic and immunocytochemical diagnosis. Acta Cytol 40:571-575, 1996. 

Cerezo L, Head DR, Pullen J, Humphrey B. The prevalence of hand-mirror cells in acute 
myeloblastic and lymphoblastic leukemia. Am J Clin Pathol 81 :355-357, 1984. 



Chan TY, Parwani AV, Levi AW, AM SZ. Mollaret's meningitis: Cytopathologic analysis of 
fourteen cases. Diagn Cytopathol 28:227-231, 2003. 



Chandrasoma PT, Apuzzo MLJ. Stereotactic Brain Biopsy. New York, Igaku-Shoin, 1989. 

Chang AH, Ng ABP. The cellular manifestation of mycosis fungoides in cerebrospinal fluid. 
Acase report. Acta Cytol 19:148-151, 1975. 



Chapman PA, Blenkinsopp WK, Lewis BV. The detection of neural tube closure defects 
by exfoliative cytology of amniotic fluid. Acta Cytol 25:367-372, 1981 . 

Chhieng DC, Boguniewicz A, McKenna BJ. Pigmented villonodular synovitis. Report of a 
case with diagnostic synovial fluid cytologic features. Acta Cytol 41:1811-1814, 1997. 

Cibas ES, Malkin MG, Posner JB, Melamed MR. Detection of DNA abnormalities by flow 
cytometry in cells from cerebrospinal fluid. Am J Clin Pathol 88:570-577, 1987. 

Cohen H, Szvalb S, Bickel A, et al. Myoblastomatoid carcinoma of the breast: An unusual 
variant of aprocrine carcinoma: Report of a case with fine-needle aspiration cytology and 
immunohistochemical study. Diagn Cytopathol 16: 145-148, 1997. 

Conrad KA, Gross JL, Trojanowski JQ. Leptomeningeal carcinomatosis presenting as 
eosinophilic meningitis. Acta Cytol 30:29-31, 1986. 

Crisp DE, Thompson JA. Primary malignant melanomatosis of the meninges: Clinical 
course and computer tomographic findings in a young child. Arch Neurol 38:528-529, 1981. 

Crumpacker CS, Gonzalez RG, Makar RS. Records of the Massachusetts General 
Hospital. Case 26-2003: A 50-year-old Colombian man with fever and seizures (herpes 
encephalitis). N Engl J Med 349:789-796, 2003. 

d'Arminio Monforte A, Cinque P, Vago L, et al. Acomparison of brain biopsy and CSF- 
PCR in the diagnosis of CNS lesions in AIDS patients. J Neurol 244:35-39, 1997. 

Dalens B, Bezon M-J, Coulet M, Raynaud E-J. Cerebrospinal fluid cytomorphology in 
neonates. Acta Cytol 26:395-400, 1982. 

De la Monte S, Gupta PK, Hutchins GM. Polymorphous exudates and atypical 
mononuclear cells in the cerebrospinal fluid of patients with Sjogren's syndrome. Acta Cytol 



1822/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 27 - Cerebrospinal and Miscellaneous Fluids 
29:634-637, 1985. 



DeFendini R, Hunter SB, Schlesinger EB, et al. Eosinophilic meningitis in a case of 
disseminated glioblastoma. Arch Neurol 38:52-53, 1981. 

Delbarre F. Le ragocyte synovial. Presse Med 72:2129-2132, 1964. 



den Hartog Jager WA. Color Atlas of C.S.F. Cytopathology. Philadelphia, JB Lippincott, 
1980. 

Dodd LG, Layfield LJ. Fine-needle aspiration cytology of ganglion cysts. Diagn Cytopathol 
15:377-381, 1996. 

Dolynuck M, Orfei E, Vania H, et al. Rapid diagnosis of amniotic fluid embolism. Obstet 
Gynecol 61:285-305, 1983. 

Domagala W, Emeson EE, Greenwald E, Koss LG. Ascanning electron microscopic and 
immunologic study of B-cell lymphosarcoma cells in cerebrospinal fluid. Cancer 40:112-116, 
1977. 

Doran TA. Chorionic villus sampling as the primary diagnostic tool in prenatal diagnosis. 
Should it replace genetic amniocentesis? J Reprod Med 35: 935-940, 1990. 

Dougherty CM, McCormick M. X-chromosomal anomalies in the newborn. Acta Cytol 
17:423-424, 1973. 

Doyle TJ. Brain metastasis in the natural history of small-cell lung cancer: 1972-1979. 
Cancer 50:752-754, 1982. 

Drewinko B, Sullivan MP, Martin T. Use of the cytocentrifuge in the diagnosis of 
meningeal leukemia. Cancer 31:1331-1336, 1973. 



Dufour H. Meeingite sarcomateuse diffuse avec envahissement de la moelle et des 
racines: Cytologie positive et speciale du liquid cephalorachidien. Rev Neurol 12:104-106, 
1904. 



Dupin N, Fisher C, Kellam P, et al. Distribution of human herpesvirus-8 latently infected 
cells in Kaposi's sarcoma, multicentric Castleman's disease, and primary effusion 
lymphoma. Proc Natl Acad Sci USA 96:4546-4551, 1999. 

Dyken PR. Cerebrospinal fluid cytology: practical clinical usefulness. Neurology 25:210- 
217, 1975. 



Ehya H. Cytology of mesothelioma of the tunica vaginalis metastatic to lung. Acta Cytol 
29:79-84, 1985. 



1823/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 27 - Cerebrospinal and Miscellaneous Fluids 



Eyha H, Hajdu SI, Melamed MR. Cytopathology of nonlymphoreticular neoplasms 
metastatic to the central nervous system. Acta Cytol 25:599-610, 1981. 

Fallet GH. Diagnostic value and possible role of synovial ragocytes in rheumatology. Rev 
Rheumatol 35: 590-600, 1968. 

Fishman JA, Rubin RH. Infection in organ-transplant recipients. N Engl J Med 338: 1741- 
1751, 1998. 



Flodmark O, Fitz CR, Harwood-Nash DC, Chuang SH. Neuroradiologic findings in a child 
with primary leptomeningeal melanoma. Neuroradiology 18:153-156, 1979. 



Fong IW, Britton CB, Luinstra KE, et al. Diagnostic value of detecting JC virus DNAin 
cerebrospinal fluid of patients with progressive multifocal leukoencephalopathy. J Clin 
Microbiol 33:484-486, 1995. 



Foot NC, Zeek P. Two cases of melanoma of the meninges, with autopsy. Am J Pathol 
7:605-617, 1931. 

Gandolfi A, et al. The cytology of cerebral neuroblastoma. Acta Cytol 24: 344-346, 1980. 

Garbes AD. Cytologic presentation of primary leptomeningeal sarcomatosis. Acta Cytol 
28:709-712, 1984. 



Garcia-Riego A, Prats JM, Zarranz JJ. Sanfilippo disease: Buhot cells in the cerebrospinal 
fluid. Acta Cytol 22:282-284, 1978. 

Gariepy G, Vauclair R. Study of ruptured fetal membranes by Nile blue sulphate staining. 
Acta Cytol 13:154, 1969. 

Garland JWC, Thompson WD. Diagnosis of amniotic fluid embolism using an antiserum to 
human keratin. J Clin Pathol 36:625-627, 1983. 

Geisinger KR, Hajdu SI, Helson L. Exfoliative cytology of nonlymphoreticular neoplasms 
in children. Acta Cytol 28:16-28, 1984. 

Getaz EP, Miller GJ. Spinal cord involvement in chronic lymphocytic leukemia. Cancer 
43:1858-1861, 1979. 



Ghosal N, Kapila K, Kakkar S, Verma K. Langerhans cell histiocytosis infiltration in 
cerebrospinal fluid: Acase report. Diagn Cytopathol 24:123-125, 2001. 



Ginhart TD, Tsukahara YC. Cytologic diagnosis of pineal germinoma in cerebrospinal fluid 
and sputum. Acta Cytol 23:341-346, 1979. 



1824/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 27 - Cerebrospinal and Miscellaneous Fluids 

Glass JP, Melamed M, Chernik NL, Posner JB. Malignant cells in cerebrospinal fluid 
(CSF): The meaning of a positive CSF cytology. Neurology 29: 1369-1375, 1979. 



Gledhill RF, Lewis PD, Marsden CD, Rake MO. Letter: Is Mollaret's meningitis another 
periodic disorder responsive to colchicines? Lancet 2:415, 1975. 



Gold JH, Shelbourne JD, Bossen EH. Meningeal mycosis fungiodes: Cytologic and 
ultrastructural aspects. Acta Cytol 20:349-355, 1976. 

Gondos B, King EB. Cerebrospinal fluid cytology: diagnostic accuracy and comparison of 
different techniques. Acta Cytol 20:542-547, 1976. 

Gonzalez-Campora R, Salas Herrero E, Otal-Salaverri C, et al. Diffuse tenosynovial 
giant cell tumor of soft tissues. Report of a case with cytologic and cytogenetic findings. 
Acta Cytol 39:770-776, 1995. 



Greenberg ML, Goldberg L. The value of cerebrospinal fluid cytology in the early 
diagnosis of metastatic retinoblastoma. Acta Cytol 21:735-738, 1978. 

Greenebaum E, Mansukhani MM, Heller DS, Timor-Tristsch I. Open neural tube 
defects: Immunocytochemical demonstration of neuroepithelial cells in amniotic fluid. Diagn 
Cytopathol 16:143-144, 1997. 



Greenlee JE. Progressive multifocal leukoencephalopathy: Progress made and lessons 
relearned. N Engl J Med 338:1378-1380, 1998. 

Gregory MC, Hughes JT. Intracranial reticulum cell sarcoma associated with 
immunoglobulin A deficiency. J Neurol Neurosurg Psychiatry 36:769-776, 1973. 

Guinee D Jr, Jaffe E, Kingma D, et al. Pulmonary lymphomatoid granulomatosis. 

Evidence for proliferation of Epstein-Barr virus-infected B-lymphocytes with a prominent T- 
cell component and vasculitis. Am J Surg Pathol 18: 753-764, 1994. 

Gupta PK, Gupta PC, Roy S, Banerji AK. Herpes simplex encephalitis. Cerebrospinal fluid 
cytology studies. Acta Cytol 16:563-565, 1972. 

Hamilton SR, Gupta PK, Marshall ME, et al. Cerebrospinal fluid cytology in histiocytic 
proliferative disorders. Acta Cytol 26:22-28, 1982. 

Hansen HH, Bender RA, Shelton BJ. The cytocentrifuge and cerebrospinal fluid cytology. 
Acta Cytol 18:259-262, 1974. 

Harris NL, Jaffe ES, Diebold J, et al. The World Health Organization classification of 
hematological malignancies report of the Clinical Advisory Committee Meeting, Airlie House, 
Virginia, November 1997. Mod Pathol 13: 193-207, 2000. 



1825/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 27 - Cerebrospinal and Miscellaneous Fluids 



Hautzer NW, Aiyesimoju A, Robitaille Y. “Primary” spinal intramedullary lymphomas: A 
review. Ann Neurol 14:62-66, 1983. 



Hoffman JS, Pena YM. Central nervous system lesions and advanced ovarian cancer. 

Gynecol Oncol 30:87-97, 1988. 

Hollander JL, Reginato A, Torralba TP. Examination of synovial fluid as a diagnostic aid 
in Med Clin North Am 50: 1 281-1293, 1 966. 

Horwell DH, Loeffler FE, Coleman DV. Assessment of a transervical aspiration technique 
for chorionic villus biopsy in the first trimester of pregnancy. Br J Obstet Gynaecol 90:196- 
198, 1983. 

Hudson EA. The cytological difference between amniotic fluids of male and female fetuses. 

Br J Obstet Gynaecol 82:523-528, 1975. 

Hudson EA. The karyopyknotic index of amniotic fluid cells and its relationship to 
oestrogen concentration. Br J Obstet Gynaecol 82:529-535, 1975. 

Huisjes HJ. Cytologic features of liquor amnii. Acta Cytol 12:42-45, 1968. 

Hust MH, Pfitzer P. Cerebrospinal fluid and metastasis of transitional cell carcinoma of the 
bladder. Acta Cytol 26:217-223, 1982. 

Jaeckle KA. Cerebrospinal fluid morphology in systemic lupus erythematosus with Anton's 
syndrome. Acta Cytol 26:532-536, 1982. 

Jaffe ES, Harris NL, Stein H, Vardiman JW (eds). Pathology and Genetics of Tumours of 
Haematopoietic and Lymphoid Tissues. World Health Organization Classification of 
Tumours, IARC Press, Lyon, 2001. 

R1054 



Japko L, Horta AA, Schreiber K, et al. Malignant mesothelioma of the tunica vaginalis 
testis: Report of first case with preoperative diagnosis. Cancer 49: 119-127, 1982. 

Jeren T, Beus I. Characteristics of cerebrospinal fluid in tuberculous meningitis. Acta Cytol 
26:678-680, 1982. 



Jeren T, Vince A. Cytologic and immunoenzymatic findings in CSF from patients with tick- 
borne encephalitis. Acta Cytol 42:330-334, 1998. 



Johansen K. Gestational age assessed by modified amniotic fluid cytology in normal and 
small-for-date pregnancies. Acta Cytol 18:142-148, 1974. 

Johnston WW, Ginn FL, Amatulli JM. Light and electron microscopic observations on 



1826/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 27 - Cerebrospinal and Miscellaneous Fluids 

malignant cells in cerebrospinal fluid from metastatic alveolar cell carcinoma. Acta Cytol 
15:365-371, 1971. 



Kajikawa H, Ohta T, Ohshiro H, et al. Cerebrospinal fluid cytology in patients with brain 
tumors; a simple method using the cell culture technique. Acta Cytol 21:162-167, 1977. 



Kam-Hansen S. Reduced number of active T cells in cerebrospinal fluid in multiple 
sclerosis. Neurology 29:897-899, 1979. 

Kapadia SB, Frisman DM, Hitchcock CL, et al. Melanotic neuroectodermal tumor of 
infancy. Clinicopathological, immunohistochemical, and flow cytometric study. Am J Surg 
Pathol 17:566-573, 1993. 



Kasdon EJ. Malignant mesothelioma of the tunica vaginalis propria testis. Cancer 23:1144- 
1150, 1969. 



Kazy Z, Rozovski IS, Bakharev VA. Chorionic biopsy in early pregnancy: A method of 
early prenatal diagnosis for inherited disorders. Prenat Diagn 2: 39-46, 1982. 

Kim K, Greenblatt SH, Robinson MG. Choroid plexus carcinoma. Report of case with 
cytopathologic differential diagnosis. Acta Cytol 29:876-849, 1985. 

Kline TS. Cytological examination of the cerebrospinal fluid. Cancer 15: 591-597, 1962. 



Kdlmel HW. Atlas of Cerebrospinal Fluid Cells. New York, Springer-Verlag, 1976. 

Kdlmel HW. A method for concentrating cerebrospinal fluid cells. Acta Cytol 21:154-157, 
1977. 

Lagrange M, Gaspard MH, et al. Granulocytic sarcoma with meningeal leukemia but no 
bone marrow involvement at presentation. A report of two cases with characteristic 
cerebrospinal fluid cytology. Acta Cytol 36:319-324, 1992. 

Langheim W, Kernohan JW, Uihlein A. Arachnoidal sarcoma of the cerebellum. Cancer 
15:705-716, 1962. 



Larson CP, Robson JT, Reberger CC. Cytologic diagnosis of tumor cells in cerebrospinal 
fluid. J Neurosurg 10:337-341, 1953. 



Layfield LJ, Moffatt EJ, Dodd LG, et al. Cytologic findings in tenosynovial giant cell 
tumors investigated by fine-needle aspiration cytology. Diagn Cytopathol 16:317-325, 1997. 

Lee KR, Catalano PM, Ortiz-Giroux S. Cytologic diagnosis of amniotic fluid embolism. 
Report of a case with a unique cytologic features and emphasis on the difficulty of 
eliminating squamous contamination. Acta Cytol 30: 177-182, 1986. 



1827/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 27 - Cerebrospinal and Miscellaneous Fluids 



Levitt LJ, Fsedon DM, Rosenthal DS, Moloney WC. CNS involvement in the non- 
Hodgkin's lymphomas. Cancer 45:545-552, 1980. 

Lewis BV, Chapman PA. Acomparison of techniques for determining prenatal sex from 
liquor amnii. J Clin Pathol 27:639, 1974. 

Li CY, Witzig TE, Phyliky RL, et al. Diagnosis of B-cell non-Hodgkin's lymphoma of the 
central nervous system by immunocytochemical analysis of cerebrospinal fluid lymphocytes. 
Cancer 57:737-744, 1986. 

Lin K, Moffatt EJ, Hudson ER, Layfield LJ. Gouty tophus presenting as a softtissue mass 
diagnosed by fine-needle aspiration: Acase report. Diagn Cytopathol 15:246-249, 1996. 

Liwnicz BH, Rodriguez CA. The central nervous system. In Koss LG, Woyke S, Olszewski 
W (eds). Aspiration Biopsy. Cytologic Interpretation and Histologic Bases. New York, Igaku- 
Shoin, 1984, pp 457-490. 

Lobenthal SW, Hajdu SI. The cytopathology of bone marrow transplantation. Acta Cytol 
34:559-566, 1990. 

Lowe E. Mollaret's meningitis: Acase report. Acta Cytol 26:338-340, 1982. 

Ludwig RA, Balachandran I. Mycosis fungoides. The importance of pulmonary cytology in 
the diagnosis of a case with systemic involvement. Acta Cytol 27:198-201 , 1983. 

Lundberg WB, Cadman EC, Skeel RT. Leptomeningeal mucosis fungoides. Cancer 
38:2149-2153, 1976. 

Makowski EL, Prem KA, Kaiser IH. Detection of sex of fetuses by the incidence of sex 
chromatin body of nuclei of cells in amniotic fluid. Science 123:542, 1956. 



Manconi PE, Marrosu MG, Spissu A, et al. Plasma cell reaction in cerebrospinal fluid: An 
additional case report. Neurology 28:856-857, 1978. 



Mathios AJ, Nielsen SL, Barrett D, King EB. Cerebrospinal fluid cytomorphology: 
identification of benign cells originating in the central nervous system. Acta Cytol 21:403- 
412, 1977. 

Mayer JR, Watson CW. Cytologic monitoring of cerebrospinal fluid in the treatment of 
histiocytic lymphoma involving the central nervous system. Acta Cytol 24:26-29, 1980. 



McCallum S, Cooper K, Franks DN. Choroid plexus carcinoma. Cytologic identification of 
malignant cells in ascetic fluid. Acta Cytol 32:263-266, 1988. 



McCormack LJ, Hazard JB, Belovich D, Gardner WJ. Identification of neoplastic cells in 



1828/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 27 - Cerebrospinal and Miscellaneous Fluids 
cerebrospinal fluid by wet-film method. Cancer 10:1293-1299, 1957. 

McCormack LJ, Hazard JB, Gardner WJ, Klotz JG. Cerebrospinal fluid changes in 
secondary carcinoma of meninges. Am J Clin Pathol 23:470-478, 1953. 

McGarry P, Holmquist ND, Carmel SR A. A postmortem study of cerebrospinal fluid with 
histologic correlation. Acta Cytol 13:48-52, 1969. 

McJunkin JE, de los Reyes EC, Irazuzta JE, et al. La Crosse encephalitis in children. N 
Engl J Med 344:801-801, 2001. 



Meisels A, Berebichez M. Exfoliative cytology in orthopedics. Can Med Assoc J 84:957- 
959, 1961. 



Meyer RJ, Ferreira PP, Cuttner J, et al. Central nervous system involvement at 
presentation in acute granulocytic leukemia. A prospective cytocentrifuge study. Am J Med 
68:691-694, 1980. 

Minauf M, Summer K. Primare Melanoblastose der Leptomeningen. Wien Z Nervenheilkd 
30:150-157, 1972. 



Mitsumoto H, Breuer AC, Lederman RJ. Malignant lymphoma of the central nervous 
system: A case of primary spinal intramedullary involvement. Cancer 46:1258-1262, 1980. 



Moore TN, Livingston R, Heilburn L, et al. The effectiveness of prophylactic brain 
irradiation in small cell carcinoma of the lung. Cancer 41:2149-2153, 1978. 

Moriarty AT, Wiersema W, Snyder W, et al. Immunotyping of cytologic specimen by flow 
cytometry. Diagn Cytopathol 9:252-258, 1993. 

Morris HHB, Bennett MJ. The classification and origin of amniotic fluid cells. Acta Cytol 
18:149-154, 1974. 

Multicenter randomized clinical trial of chorionic villus sampling and 
amniocentesis: First report of the Canadian Collaborative Clinical Trial Group. 

Lancet 1:1-6, 1989. 

Naib ZM. Cytology of synovial fluids. Acta Cytol 17:299-309, 1973. 



Nakamura S, Takase S, Itahara K. Cytological examination of cerebrospinal fluid in eight 
patients with neuro-Behcet's disease. Tohoku J Exp Med 132: 421-430, 1980. 

Natelson S, Scommegna A, Epstein MB. Amniotic Fluid: Physiology, Biochemistry and 
Clinical Chemistry. New York, John Wiley & Sons, 1974. 



1829/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 27 - Cerebrospinal and Miscellaneous Fluids 
Naylor B. Cytologic study of intracranial fluids. Acta Cytol 5:198-202, 1961. 

Naylor B. The cytologic diagnosis of cerebrospinal fluid. Acta Cytol 8:141-149, 1964. 



Nicol KK, Ward WG, Pike EJ, et al. Fine-needle aspiration biopsy of gouty tophi: Lessons 
in cost-effective patient management. Diagn Cytopathol 17:30-35, 1997. 



Nies BA, Thomas LB, Freireich EJ. Meningeal leukemia. Afollow-up study. Cancer 
18:546-553, 1965. 

Nies BA, Malmgren RA, Chu EW, et al. Cerebrospinal fluid cytology in patients with acute 
leukemia. Cancer 18:1385-1391, 1965. 

Nyland H, Naess A. Lymphocyte subpopulations in blood and cerebrospinal fluid from 
patients with acute Guillain-Barre syndrome. Eur Neurol 17: 247-252, 1978. 

Oehmichen M. Characterization of mononuclear phagocytes in human CSF using 
membrane markers. Acta Cytol 20:548-552, 1976. 

Oehmichen M, Huber H. Supplementary cytodiagnostic analyses of mononuclear cells of 
the cerebrospinal fluid using cytological markers. J Neurol 218: 187-196, 1978. 



Ohshima K, Suzumiya J, Sugihara M, et al. Clinicopathological study of severe chronic 
active Epstein-Barr virus infection that developed in association with lymphoproliferative 
disorder and/or hemophagocytic syndrome. Pathol Int 48:934-943, 1998. 

Olson ME, Chernik NL, Posner JB. Infiltration of the leptomeninges by systemic cancer: A 
clinical and pathologic study. Arch Neurol 30:122-137, 1974. 



Onofrio BM, Kernohan JW, Uihlein A. Primary meningeal sarcomatosis. A review of the 
literature and report of 12 cases. Cancer 15:1197-1208, 1962. 



Pasquier B, Pasquier D, N'golet A, et al. Extraneural metastases of astrocytomas and 
glioblastomas. Clinicopathological study of two cases and review of literature. Cancer 
45:112-125, 1980. 



Pedersen AG, Hansen M, Hummer L, Rogowski P. Cerebrospinal fluid ACTH as a 
marker of central nervous system metastases from small cell carcinoma of the lung. Cancer 
56:2476-2480, 1985. 

Pelc S, DeMaertelaere E, Denolin-Reubens R. CSF cytology of acute viral meningitis 
and meningoencephalitis. Eur Neurol 20:95-102, 1981. 



Piscioli F, Polla E, Pusiol T, et al. Pseudomalignant cytologic presentation of spermatic 
hydrocele fluid. Acta Cytol 27:666-670, 1983. 



1830/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 27 - Cerebrospinal and Miscellaneous Fluids 



Prayson RA, Fischler DF. Cerebrospinal fluid cytology: an 11-year experience with 5951 
specimens. Arch Pathol Lab Med 122:47-51, 1998. 

Preissig SH, Buhaug J. Corpora amylacea in cerebrospinal fluid. A source of possible 
diagnostic error. Acta Cytol 22:511-514, 1978. 

Rawson A, Abelson NM, Hollander JL. Studies on the pathogenesis of rheumatoid joint 
inflammation. Ann Intern Med 62:281-284, 1965. 



Razavi-Encha F, Fleury-Feith J, et al. Cytologic features of cerebrospinal fluid in Lyme 
disease. Acta Cytol 31:439-440, 1987. 



Reinhartz T, Lijovetzky G, Levij IS. Intracellular starch granules in cytologic material. Acta 
Cytol 22:36-37, 1978. 

Rhoads CC, Jackson LG, Schlesselman SE, et al. The safety and efficiency of chorionic 
villus sampling for early prenatal diagnosis of cytogenetic abnormalities. N Engl J Med 
320:609-617, 1989. 

Rich TA, Schiller A, Suit HD, Mankin HJ. Clinical and pathologic review of 48 cases of 
chordoma. Cancer 56:182-187, 1985. 

Ringenberg QS, Francis R, Doll DC. Meningeal carcinomatosis as a presenting 
manifestation of tumors of unknown origin (letter). Acta Cytol 34:590-592, 1990. 

Rosai J, Dehner LP. Nodular mesothelial hyperplasia in hernia sacs. A benign reactive 
condition simulating a neoplastic process. Cancer 35:165-175, 1975. 

Rosenthal DL. Cytology of the Central Nervous System. Basel, S Karger, 1984. 

Rozich J, Holley HP, Henderson F, et al. Cauda equina syndrome secondary to 
disseminated zygomycosis. JAMA 260:3638-3640, 1988. 

P.1055 



Rubinstein LJ, Herman MM, Long TF, Wilbur JR. Disseminated necrotizing 
leukoencephalopathy: Acomplication of treated central nervous system leukemia and 
lymphoma. Cancer 35:291-305, 1975. 

Sayk J. Cytologie der Cerebrospinal Flussigkeit. Jena, Gustav Fischer, 1960. 



Schmidt P, Neuen-Jacob E, Blanke M, et al. Primary malignant melanoblastosis of the 
meninges: Clinical, cytologic and neuropathologic findings in a case. Acta Cytol 32:713-718, 
1988. 

Schmidt RM. Cytological investigation of the cerebrospinal fluid in secondary brain tumors. 



1831 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 27 - Cerebrospinal and Miscellaneous Fluids 
SchweizArch Neurol Psychiatr 127:233-236, 1980. 

Schrage R, Boegelspacher H-R, Wurster K-G. Amniotic fluid in the second trimester of 
pregnancy. Acta Cytol 26:406-416, 1982. 

Schumacher HR, Champion JE, Thomas WJ, et at. Acute lymphoblastic-leukemia-hand- 
mirror variant. An analysis of a large group of patients. Am J Hematol 7:11-17, 1979. 

Schumacher HR, Clapp WL, Thomas WJ, et al. Acute lymphoblastic leukemia: Hand- 
mirror variant. Arch Pathol Lab Med 104:134-136, 1980. 



Schumacher HR, Perlin E, Miller WM, Stass SA. Hand-mirror-cell leukemia. Lancet 
1:655-656, 1977A. 

Schumacher HR, Rainey T, Davidson L, et al. American Burkitt's lymphoma-hand-mirror 
variant. A detailed investigation of cytologic, ultrastructural, and immunologic features. Am J 
Clin Pathol 70:937-944, 1978. 

Schumacher HR, Robinson JJ, Creegan WJ, et al. Electron microscopy in hand-mirror- 
cell leukemia. Lancet 1:1214-1215, 1977B. 



Shapiro SL, McMenomey SO, Alexander P, Schmidt WA. Fine-needle aspiration biopsy 
diagnosis of “invasive” temporomandibular joint pigmented villonodular synovitis. Clinical, 
imaging, and cytopathologic correlation. Arch Pathol Lab Med 126:195-198, 2002. 

Sharma SD, Trussell R. The value of amniotic fluid examination in the assessment of fetal 
maturity. J Obstet Gynecol. 77:215, 1970. 



Silverman JF, Berns LA, Holbrook CT, et al. Fine needle aspiration cytology of primitive 
neuroectodermal tumors. Areport of these cases. Acta Cytol 541-550, 1992. 



Simoni O, Brambati B, Danesino C, et al. Efficient direct chromosome analysis and 
enzyme determinations from chorionic villi sampling in the first trimester of pregnancy. Hum 
Genet 3:349-357, 1983. 

Spens N, Parsons H, Begg CF. Primary melanoma of the meninges. NY State J Med 
62:3777-3780, 1962. 



Spriggs Al. Malignant cells in cerebrospinal fluid. J Clin Pathol 7:122-130, 1954. 

Spriggs Al, Boddington MM. Leukaemic cells in cerebrospinal fluid. Br J Haematol 5:83- 
91, 1959. 



Statsny JF, Sprague Rl, et al. Transitional-cell carcinoma metastatic to cerebrospinal fluid: 
Presentation of two cases. Diagn Cytopathol 15:338-340, 1996. 



1832/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 27 - Cerebrospinal and Miscellaneous Fluids 



Steere AC, Bartenhagen NH, Craft JE. The early clinical manifestations of Lyme disease. 
Ann Intern Med 99:76-82, 1983. 

Steere AC, Grodzicki RL, Kornblatt AN. The spirochetal etiology of Lyme disease. N Engl 
J Med 308:733-740, 1983. 

Stenback F, Ojala A. Determination of fetal maturity by means of amniotic fluid. Acta Cytol 
14:439-443, 1970. 



Stephen MR, Downie I, McLellan D. Pseudomalignancy in a hydrocele fluid. 
Cytopathology 10:283-287, 1999. 



Suprun H, Mansoor I. An aspiration cytodiagnostic test for gouty arthritis. Acta Cytol 
17:198-199, 1973. 

Takeda M, King DE, Choi HY, et al. Diagnostic pitfalls in cerebrospinal fluid cytology. Acta 
Cytol 25:245-250, 1981. 

Talekar SV. CSF cytology and microbiology using a new in vivo filter technique. J Neurosci 
Methods 2:107-108, 1980. 

Tanaka T, Nishioka K, Naito M, et al. Coexistence of aspergillosis and squamous-cell 
carcinoma in the maxillary sinus proven by preoperative cytology. Acta Cytol 29:73-78, 

1985. 

Tang CK, Gray GF, Keuhnelian JG. Malignant peritoneal mesothelioma of an inguinal 
hernia sac. Cancer 37:1887-1890, 1976. 

Teot LA, Sexton CW. Mollaret's meningitis: Case report with immunocytochemical and 
polymerase chain reaction amplification studies. Diagn Cytopathol 15:345-348, 1996. 



Theodore WH, Gendelman S. Meningeal carcinomatosis. Arch Neurol 38: 696-699, 1981. 

Thomas WJ, Yasaka K, Strong DM, et al. Hand-mirror lymphocytes in infectious 
mononucleosis. Blood 55:925-930, 1980. 

Thompson KS, Reyes CV, Jensen J, et al. Synovial metastasis: Diagnosis by fine-needle 
aspiration cytologic investigation. Diagn Cytopathol 15:334-337, 1996. 



Toda T, Sadi AM, Kiyuna M, et al. Pigmented neuroectodermal tumor of infancy in the 
epididymis. A case report. Acta Cytol 42:775-780, 1998. 



Van Leeuwen L, Jacoby H, Charles B. Exfoliative cytology of amniotic fluid. Acta Cytol 
9:442-445, 1965. 



1833/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 27 - Cerebrospinal and Miscellaneous Fluids 

Vannucci RC, Baten M. Cerebral metastatic disease in childhood. Neurology 24:981-985, 

1974. 



Vassilakos P, Cox JN. Filariasis diagnosed by cytologic examination of hydrocele fluid. 
Acta Cytol 18:62-64, 1974. 



Wachtel EG. Exfoliative Cytology in Gynaecological Practice, 2nd ed. London, Butterworth 
& Co, 1969. 

Wasserstrom WR, Glass JP, Posner JB. Diagnosis and treatment of leptomeningeal 
metastases from solid tumors. Cancer 49:759-772, 1982. 

Watson CW, Hajdu SI. Cytology of primary neoplasms of the central nervous system. Acta 
Cytol 21:40-47, 1977. 

Weithman AM, Morrison G, Ingram EA. Meningeal metastasis of squamouscell 
carcinoma of the uterine cervix: Case report and review of the literature. Diagn Cytopathol 
3:170-172, 1987. 

Wentworth P, Wagar S, Unitt M. Atypical cells in spermatocele fluid [letter], Acta Cytol 
15:210-211, 1971. 

Wertlake PT, Markovits BA, Stellar S. Cytologic evaluation of the cerebrospinal fluid with 
clinical and histological correlation. Acta Cytol 16:224-239, 1972. 

Wiley RG (ed). Neurological Complications of Cancer. New York, Marcel Dekker, 1995. 

Windhagen A, Maniak S, Heidenreich F. Analysis of cerebrospinal fluid cells by flow 
cytometry and immunocytology in inflammatory central nervous system diseases: 
Comparison of low- and high-density cell surface antigen expression. Diagn Cytopathol 21: 
313-318, 1999. 

Witherspoon RP, Fisher LD, Schoch G, et al. Secondary cancers after bone marrow 
transplantation for leukemia or aplastic anemia. N Engl J Med 321: 784-789, 1989. 

Wolfson WL. Cytopathologic presentation of cerebral histiocytosis. Acta Cytol 23:392-398, 
1979. 



Yamamoto LJ, Tedder DG, Ashley R, Levin MJ. Herpes simplex virus Type 1 DNAin 
cerebrospinal fluid of a patient with Mollaret's meningitis. N Engl J. Med 325:1082-1085, 
1991. 

Yu GH, Staerkel GA, Kershisnik MM, Varma DG. Fine-needle aspiration of pigmented 
villonodular synovitis of the temporomandibular joint masquerading as a primary parotid 
gland lesion. Diagn Cytopathol 16:47-50, 1997. 



1834/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 27 - Cerebrospinal and Miscellaneous Fluids 



Zaharopoulos P. Hemoglobin crystals in fluid specimens from confined body spaces. Acta 
Cytol 31:777-782, 1987. 



Zaharopoulos P, Wong JY. Identification of crystals in joint fluids. Acta Cytol 24:197-202, 
1980. 

Zaharopoulos P, Wong JY. Cytology of common primary midline brain tumors. Acta Cytol 
24:384-390, 1980. 

Zaharopoulos P, Wong JY, et al. Extramedullary hand mirror cells in pathologic conditions 
of lymphoid tissue. Acta Cytol 34:868-874, 1990. 

Zeman D, Adam P, Kalistova H, et al. Cerebrospinal fluid cytologic findings in multiple 
sclerosis. Acomparison between patient subgroups. Acta Cytol 45:51-59, 2001. 



Zimmerman HM. Malignant Lymphomas. In Minckler J (ed.). Pathology of the Nervous 
System. New York, McGraw-Hill, 1971, pp 2165-2178. 



Zimmerman HM. Malignant lymphomas of the nervous system. Acta Neuropathol. 16:69- 
74, 1975. 

Zucker-Franklin D, Greaves MF, Grossi CE, Marmont AM. Atlas of Blood Cells. Function 
and Pathology. Philadelphia, Lea & Febiger, 1988. 

Zulch KJ. Primary melanotic tumors. In Brain Tumors: Their Biology and Pathology, 3rd ed. 
Berlin, Springer- Verlag, 1986, pp 391-393. 



1835/3276 



Koss' Diagnostic2SytdIe^yr&|Ued-liStBiJBaJ : tislife^lteB3^BGgtfi!th,BJnear Preparation, and Principles of Interpretation 



Editors: Koss, Leopold G.; Melamed, Myron R. 

Title : Koss ' Diagnostic Cytology and Its Histopathologic Bases, 5th Edition 
Copyright ©2006 Lippincott Williams & Wilkins 

> Table of Contents > II - Diagnostic Cytology of Organs > 28 - Techniques of Fine-Needle 
Aspiration, Smear Preparation, and Principles of Interpretation 

28 

Techniques of Fine-Needle Aspiration, Smear Preparation, and 
Principles of Interpretation 
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Although most cytopathologists and clinicians who use fine-needle aspiration (FNA) biopsy in 
their practices are aware of the relationship between expertise in microscopic interpretation and 
diagnostic accuracy, the importance of sample quality and smear preparation is less well 
recognized. Several studies have shown that training and experience in obtaining and preparing 
the samples play a major role in the efficacy of the method (Lee et al, 1987A and B; Palombini 
et al, 1988; Layfield et al, 1989; Ljung et al, 2001). It is much easier to interpret FNA samples 
microscopically if they are abundant, representative, and well prepared. Optimal samples will 
contribute greatly to a very high degree of diagnostic accuracy. Thus, operators who are well 
trained in the sampling technique of various body sites will serve patients better (Shah et al, 
1999; Rodrigues et al, 2000). 

The FNA sampling technique is essentially the same for all organ sites, and can be applied to 
both palpable and nonpalpable lesions. In the latter case, the needle is guided to the target 
area by the use of various imaging modalities. Immediate examination of the cell harvest at 
bedside, using a quick staining procedure, ensures that representative material is obtained, and 
thus reduces the number of samples necessary for diagnosis (see below). The main 
objectives of aspiration biopsy are to distinguish benign from malignant lesions, and to 
classify neoplasms and other pathologic processes. Well-prepared, representative 
material is necessary for these objectives to be consistently achieved. 

Critics of aspiration biopsy have emphasized the serious consequences of a false-positive 
diagnosis. The quality of the material plays a crucial role in avoiding this problem. The most 
common scenario for a false -positive diagnosis is that of a cytopathologist attempting to 
interpret scanty material that contains only a few abnormal cells. The situation may be further 
compromised by artifacts caused by improper smear preparation, and by the clinician's 
insistence on a definitive diagnosis. A diagnosis of cancer must be based on ample evidence 
present in several different areas of the slide or in multiple slides. If a conclusion cannot be 
reached because of scanty or poorly preserved material, a descriptive diagnosis followed by re- 
aspiration or another diagnostic procedure is appropriate. 

False-negative diagnoses most often are related to sample quality. The needle tip may 
not have been properly placed in the lesion, resulting in failure to obtain adequate material. The 
smears may show only benign structures from an area adjacent to the tumor. 

The precise classification of a neoplasm generally requires more abundant and better- 
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preserved material than does the differentiation between benign and malignant lesions. It is 
often necessary to study the architecture of cell clusters, as well as the nuclear and cytoplasmic 
features of individual cells. The success of the diagnosis depends on representative, ample, 
well-prepared material. Good judgment is particularly important for assessing specimens with 
unusual cytologic or clinical features. 

Knowledge of the clinical history and presentation of the target lesions is part of the cytologic 
evaluation. If the cytologic material does not match the clinical findings, additional procedures 
may be required. For instance, if the clinical findings identify a breast mass suggestive of 
cancer, but the aspirate smears show only a few benign cells, it is likely that the lesion was not 
sampled correctly and should be reaspirated. On the other hand, if the breast lesion sampled 
is nodular and oblong by palpation, and the needle tip encounters firm fibrous 
resistance typical of fibrocystic change, a moderate number of clusters of well organized 
benign breast cells can be considered diagnostic of a benign disorder. If aspiration biopsy is 
used to confirm a benign lesion that does not require surgical removal, the lesion must be 
followed, preferably by clinical examination for 3-6 months. If the sampled mass grows 
larger or becomes firmer, or if its outline changes, additional sampling or a surgical biopsy 
should be performed. In one study, 60% of benign breast masses disappeared within 2 years 
(Sainsburg et al, 1988). 

The purpose of this chapter is to provide an overview of the various aspects of the aspiration 
technique, such as indications for use, patient preparation, and possible side effects. Various 
sampling and smear preparation procedures will be described. The pitfalls of the technique and 
the means to avoid them will be discussed. 

EQUIPMENT, PATIENT SELECTION, AND PREPARATION 

Needles 

Ordinary disposable hypodermic needles with long bevels are well suited for aspiration. The 
needles may vary in size from 22 to 27 gauge (outer diameter from 0.65 to 0.5 mm) (Fig. 28-1). 

The choice of gauge is a matter of personal preference, and to some degree depends on the 
situation. For example, larger-diameter needles may be needed for the evacuation of extremely 
viscous fluid. The larger-bore needles collect somewhat more material from loosely structured 
cellular organs (such as the normal liver) or lesions (such as most melanomas, small-cell 
tumors, and lymphomas). On the other hand, the smaller-bore needles are more effective 
for sampling tissue with few epithelial cells and extensive fibrosis because they 
penetrate the stroma more easily and are more effective in securing the epithelial cell 
component. Typical examples of this situation include invasive lobular carcinoma and fibrocystic 
change with the dominant fibrous component in the breast. Specially designed nonmagnetic 
needles can be used to sample lesions visualized by magnetic resonance imaging (MRI). 

Longer needles, provided with a needle guide and a trocar, are required to reach deep-seated 
thoracic or abdominal lesions visualized by computed tomography (CT), ultrasound, or 
fluoroscopy. 

Syringes, Syringe Holders, and Other items of Equipment 

Slip Tip disposable syringes with an eccentric tip (Becton Dickinson & Co., Franklin Lakes, NJ) 
are recommended because of the ease of removing and reattaching the needle (Fig. 28-1). 

Leakage of air from these syringes has not been a problem in my experience. 
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Figure 28-1 Instrumentation needed for thin needle aspirates of palpable lesions, showing 
needles of various lengths, a syringe with an eccentric tip, and a Franzen single hand-grip 
syringe holder. 



A syringe holder can be used when a free hand is needed to stabilize the palpable target during 
sampling. Several types of syringe holders are available (some examples are shown in Fig. 28- 
2). Prices vary; however, most syringe holders are reusable and are durable enough to last for 
a lifetime. The syringe holder should hold the syringe firmly, be comfortable to hold and easy to 
clean, and not slip easily out of position. It should allow for removal of the needle and retraction 
of the plunger without the necessity of removing the syringe from the holder. 
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Figure 28-2 Examples of syringe holders for the fine-needle aspiration biopsy. 



A syringe holder that fits a 10-ml rather than a 20-ml syringe is easier to handle. The shorter 10- 
ml syringe decreases the distance between the hand and the target, making sampling easier. 

There is no significant advantage to the larger syringe, because only minimal suction (a vacuum 
of 1-2 ml) is sufficient to obtain the sample. A20-ml syringe may be more convenient when 
aspirating cysts containing fluid volume in excess of 10 ml. However, in the case of a large cyst 
that exceeds the capacity of the syringe, the needle tip can remain within the cyst while the full 
syringe is removed and replaced by an empty one. This procedure can be repeated as often as 
necessary until all of the fluid is evacuated. The needle, syringe, and the syringe holder 
must be assembled before the procedure is started. 

A pencil-grip syringe holder was developed by Tao and Smith (1999). The Tao Aspirator (Tao 
and Tao Technology, Inc., Carmel, IN) is easy to handle and offers a presetting of negative 
pressure to achieve adequate suction. 

A supply of clean microscopic slides, coverslips, alcohol scrubs, fixatives, ingredients for rapid 
stains, sterile gauze, and bandaids must be available before the procedure is initiated (Fig. 28- 
3). Slides with frosted ends are desirable for identifying patients with a pencil. 

Patient Selection 

One of the great advantages of aspiration biopsy with thin needles is that it can be applied to 
almost any patient regardless of physical status, except for clotting disorders in deep-seated 
targets. The procedure causes few and mostly insignificant side effects, and only slight 
discomfort. 

Contraindications 

Sampling of carotid body tumors and pheochromocytomas may cause syncope and 
episodes of acute hypertension 
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(McCorkell and Niles, 1985). If clinical symptoms and physical examination suggest a carotid 
body tumor, CT (or MRI) will often provide sufficient diagnostic information to proceed with 
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surgical removal (Olsen et al, 1987; Som et al, 1988). The same approach should be used in 
pheochromocytomas. 
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Figure 28-3 Equipment for fine-needle aspiration. There are bottles with 95% ethanol 
for fixation of smears and of toluidine blue stain. A box of cover glasses is used for smear 
evaluation at the bedside. Syringe, needles, alcohol swab, gauze for hemostasis, bandaid, 
gloves, a pencil for marking slides, and glass slides with paper clips to keep them 
separated when placed in fixative are essential parts of the equipment. 



There are very few other definite contraindications to FNA. Most often it is a matter of weighing 
alternative risks and choosing the safest diagnostic alternative. In many cases, the FNA in spite 
of certain risk factors, is the safest diagnostic procedure for a given patient. Some 
contraindications are controversial. Ovarian cyst aspiration, for example, is considered by some 
to be contraindicated because of the risk of leakage and associated dissemination of disease in 
the peritoneal surface (Trimbos and Hacker, 1993), while others recommend cytologic 
investigation of ovarian lesions (Kreuzer et al, 1985). Most would agree that FNA of prostate 
should not be done in patients with obvious prostatitis (Esposti, 1975). 



Serious complications in the aspiration of hydatid cysts, which may result in anaphylactic 
shock, have also been described. Hemorrhagic diathesis, extremely vascular lesions, and the 
patient's inability to cooperate may be considered contraindications to deep-seated FNA 
Likewise, severe emphysema, pulmonary hypertension, and conditions associated with severe 
hypoxemia are contraindications to FNA sampling of chest lesions (Green, 1982). 



Patient Preparation 

For most aspiration procedures, the only patient preparation needed is an explanation of the 
procedure and a discussion of possible side effects. Informed consent must be obtained. For 
superficial lesions, local anesthesia is optional, as the discomfort caused by its application 
is about the same as that of the aspiration itself. Furthermore, when very small targets are 
sampled, the injected anesthetic may make it more difficult to feel the mass and consequently to 
correctly place the needle. 
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Local anesthesia is routinely employed when sampling deep-seated targets with the aid of 
CT or ultrasonic guidance. These procedures tend to last longer and be more painful than 
aspiration of superficial targets: the needle has to travel a longer distance, several attempts 
may be needed to position the needle correctly, and the needle tip must often pass through 
muscle, which is especially sensitive to needle sticks. 

A simple disinfection protocol of wiping the skin at and around the biopsy site with an 
alcohol-soaked swab is sufficient for superficial lesions. For deep-seated lesions, it is common 
practice to cleanse a larger area of skin and use sterile gloves and draping. This facilitates the 
insertion of the highly flexible needle by allowing the operator to hold onto and stabilize the 
shaft during insertion. 

BASIC ASPIRATION TECHNIQUE 

The basic principles described in this section are applicable to aspiration biopsies of all organ 
sites. Technical considerations with regard to specific organ sites and specific clinical 
presentations will be discussed separately. 

The concept of aspiration using the system of thin needles and syringes is somewhat 
misleading, as it implies that cells are being sucked into the syringe. Suction alone will work 
only when the targeted lesion contains fluid. When the lesion is solid, the needle tip functions 
as a cutting instrument: as it is moved to and fro, tiny tissue fragments become dislodged 
and collected inside the needle. When suction is added to this procedure, the previously 
dislodged fragments are sucked into the needle and the tip of the attached syringe (Fig. 28-4). 

Except for fluids, the aspirate should not reach the barrel of the syringe, because it will 
be difficult to retrieve. 

Palpable Lesions 

Requirements for obtaining adequate samples via aspiration biopsy include target palpation, 
immobilization, and proper needle tip placement and movement. The following protocol 
is suggested when sampling palpable lesions: 

■ Palpation of the Target and Planning of the Procedure. The target should be carefully 
palpated, and its size and distance from the overlying skin should be assessed. These 
determinations govern the placement of the needle tip. In small lesions (I cm in diameter), it 
is generally desirable to aim for the center of the lesion. In very large lesions (>5 cm in 
diameter), there may be central necrosis, and thus the periphery is more likely to yield 
diagnostic material. In medium-sized lesions (2 to 4 cm in diameter), it is often 
advantageous to collect samples from two different areas: one to the 
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side of the center, and another one in the mirror-image position of the previous aspiration. 

This approach will yield a more representative harvest. Also, the second sample is extracted 
from an area not previously disturbed by the needle, thereby decreasing the likelihood of 
contamination with excessive amounts of blood. 

■ Immobilization of the Target. To collect an adequate sample, the target should not 
move with the needle. It is particularly important to immobilize lesions with dense 
stroma in order to facilitate penetration of the needle tip into the target. Lesions over 3 cm in 
diameter can be held in place with the thumb and forefinger. Smaller lesions (1 to 2.5 cm) can 
be more effectively immobilized between the forefinger and middle finger (Fig. 28-5). Note 
that the fingers should be placed very close to the lesion. Stretching the overlying skin tightly 
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across the lesion further helps immobilize the target. Very small lesions (<1 cm in diameter) 
are often difficult to stabilize and sample. To immobilize these small targets, they should be 
palpated with the tips of the forefinger and middle finger held tightly together. The target 
should be pushed as far as possible in one direction in the subcutaneous space. Then, 
without lifting the finger-tips, the overlying skin must be retracted. The pressure will cause 
the lesion to “pop up” under the skin surface in front of the fingertips (Fig. 28-6). Without 
moving the fingers, cleanse the skin with an alcohol swab or other disinfectant prior to 
aspiration. 

■ Insertion of the needle. Once the target has been secured, the previously assembled 
aspiration instrument must be picked up and the needle tip inserted into the target (Fig. 28- 
7A). Suction is applied by retracting the syringe plunger to the 1- to 2-ml mark. This level of 
suction is sufficient; however, more suction should not alter the outcome. It is best to find a 
position for the plunger that is comfortable, and to keep the suction at this level 
throughout the sampling period. Pumping the plunger up and down during the procedure 
should be avoided, as it detracts from essential needle movement and does not add to the 
quantity or quality of the sample. 

■ Aspiration procedure. Once suction has been applied, the needle tip must be moved 
back and forth (or up and down) within the boundaries of the target (Fig. 28-7C). If the 
target is not spherical, the longest axis possible for the needle tip movement should be used. 

To collect sufficient material for at least two smears, typically 15 to 20 needle movements 
are required. If significant amounts of blood appear at the hub of the needle, it is best to 
limit the number of needle movements to about five in order to avoid excessive dilution with 
blood. If the needle is not moved, usually only blood will be aspirated. If after about 10 
movements, blood starts to appear, the sampling should be ended for optimal results (see 
below for how bloody samples should be handled). It is usually best to move the needle in 
approximately the same plane, particularly in small targets. The needle will tend to 
travel in a slightly different 
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plane without a conscious effort on the part of the operator. In larger targets, the angle of 
the needle may be changed in small increments during sampling. Major changes in 
the direction of the needle must be avoided because they may cause bleeding, unless 
the procedure outlined below is carefully followed. Using this approach, optimal amounts of 
tissue will be collected in a short time with minimal bleeding and discomfort. At least one 
additional aspiration should be performed routinely to ensure representative sampling. 

However, if the first sample shows unequivocal evidence of a malignant tumor (by 
immediate assessment at the bedside), no further sampling is necessary unless 
material for special studies is required. 

■ Withdrawal of the needle. After collecting the sample, release the suction before 
withdrawing the needle (Fig. 28-7D,E). This allows the collected material to stay within the 
needle and syringe tip. If suction is maintained while the needle is withdrawn, the collected 
material will be sucked into the barrel of the syringe and will be difficult to expel. After the 
needle is withdrawn from the lesion, remove the needle from the syringe (Fig. 28-7F) and pull 
back on the plunger (Fig. 28-7G). Then reattach the needle (Fig. 28-7H) and expel the 
material onto a glass slide by pushing the plunger swiftly through the syringe (Fig. 28-8). In 
order to avoid splattering, the tip of the needle should rest on the slide. 

■ Changing the direction of the needle. Occasionally, a significant change in the direction 
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of the needle path may be desired during sampling. To accomplish this maneuver, the needle 
tip should be withdrawn from the target while it remains under the skin. The angle of 
the needle is changed before the needle is reinserted 
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into the target (Fig. 28-9). Suction need not be released. If the needle is not withdrawn 
before the direction is changed, the target may merely be pushed to the side and the 
intended redirection of the needle tip will not be accomplished. The patient may also 
experience unnecessary discomfort and bleeding. Dramatically changing the direction of the 
needle during sampling requires additional time and skill, and, in my opinion, does not 
improve the harvest in most cases; therefore, it is not recommended as a standard 
procedure. An example of a lesion for which a change in the direction of the needle may 
improve the harvest is an ill-defined area of thickening that requires extensive sampling. 

This situation occurs most commonly when sampling the breasts of postmenopausal women. 

Usually the needle will meet with only slight resistance upon insertion, corresponding to 
adipose tissue. By changing the angle of the needle gradually throughout the 
thickened area, the chances of sampling areas containing epithelial cells increase 
substantially. In fact, the needle tip may be used as a “palpating” probe to seek out areas of 
increased resistance that are more likely to contain epithelium and abnormal components 
than the surrounding fat tissue. 
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Figure 28-4 The needle tip is moved back and forth inside the lesion, dislodging and 
collecting small fragments of tissue. 
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Figure 28-5 Immobilization of small lesions (1 to 2.5 cm) using the forefingers and middle 
fingers. Stretch the overlying skin and hold it down firmly, preventing the lesion from 
moving during the procedure. 
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Figure 28-6 Method for immobilizing small (<1 cm), movable, well-defined subcutaneous 
lesions {A). B. Push the nodule under the skin and continue pushing until it will not move 
further. C. Without lifting the fingers, pull back, stretching the skin over the nodule. D. With 
the fingers still in place, clean the skin and insert the needle tip for sampling. 
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Figure 28-7 Aspiration sampling technique. A Place the needle tip in the lesion. B. Pull 
back the plunger to create suction and hold the plunger steady throughout the sampling 
procedure. C. Move the needle back and forth inside the lesion up to 10 to 20 times. D. 
Release suction by letting the plunger go. E. Withdraw the needle. F. Remove the needle 
from the syringe. G. Fill the syringe with air by pulling the plunger as far as it will go. H. 
Reattach the needle. 
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Figure 28-9 Redirection of the needle during sampling. After sampling one part of 
lesion ( A ), pull the needle tip back to the proximal surface of the lesion ( B ), redirect the 
needle ( C ), and advance the needle in order to sample a different part of the lesion ( D ). 



Nonpalpable Lesions 

The aspirations are performed under stereoscopic imaging guidance. The principles of 
aspiration described above for palpable lesions must be observed. 

ASPIRATION WITHOUT A SYRINGE 

Zajdela et al (1987) described a sampling technique that uses a thin needle without suction. 
The target is identified and immobilized as described above. Then the needle, held by the hub, 
is placed within the target and moved back and forth to collect small fragments of tissue. The 
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fragments are collected within the shaft of the needle. The hub-opening of the needle 
should be left uncovered during sampling. The main advantage of this technique is the 
ease with which the needle can be accurately positioned in the target. The thin needle is also 
easier to manipulate when it is not attached to a syringe. This simple technique also often 
enhances the differences in consistency between lesional tissue and the surrounding normal 
tissue. In addition, sampling without suction may reduce the amount of blood when highly 
vascular lesions or organs are sampled. Typically, the volume of the harvested material is 
usually smaller than that obtained by procedures that apply suction. However, the smaller 
volume may be more representative of the lesion. Sampling without suction may be especially 
useful in small, highly vascularized targets, such as the thyroid, and in other sites with abundant 
blood supply. This technique is not recommended for aspirating cystic lesions containing fluid. 

SIDE EFFECTS AND COMPLICATIONS 

Superficial Targets 

The most common complication associated with FNAof superficial targets is local hematoma in 
and around the mass. The bleeding may occur during the sampling or for a few minutes after 
withdrawal of the needle. The size of the hematoma can be minimized by applying firm pressure 
to the mass and the surrounding area immediately following the sampling. It is usually most 
effective to have an assistant apply the pressure. If no assistant is available, the patient should 
be carefully instructed how to apply pressure before the procedure is initiated. If the patient has 
a bleeding disorder or is taking any type of medication that interferes with blood clotting (such 
as Coumadin and nonsteroidal anti-inflammatory drugs, including aspirin), the post-aspiration 
pressure should be extended for up to 10 minutes. 

Any hematoma will make the palpable mass seem larger after the procedure, and typically the 
patient will experience minor discomfort, which usually peaks the day following the procedure. 
Thereafter, both the swelling and discomfort will gradually disappear, and are usually resolved 
within 3 to 7 days. Usually no intervention is needed, but on occasion a cold pack and/or an 
analgesic, such as acetaminophen, may be indicated. On extremely rare occasions, hematomas 
following 
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FNAmay be large and may cause transient nerve paresis (for example, in the recurrent nerve 
adjacent to the thyroid gland). 

Local infection is extremely rare and can be treated with antibiotics. No serious infections 
following FNAof superficial targets have been reported. 

On very rare occasions, FNAof superficial targets located near the chest wall, such as breast 
masses and lymph nodes in the axillary and supraclavicular locations, may cause 
pneumothorax (Chen, 1986). The patient typically experiences immediate pain and discomfort in 
the chest and/or shoulder. Most pneumathoraces are small and resolve spontaneously. 

Pneumothorax can be avoided by sampling with the needle positioned tangentially relative to 
the chest wall. 

Deep-Seated Targets 

The complication rates for deep-seated targets are higher than those for superficial targets, and 
occasional fatalities have been reported (Esposti et al, 1975; Livraghi et al, 1983; Droese et al, 

1984; Malberger et al, 1984). However, the rate of complications is still extremely low when 
compared with surgical or core needle biopsy procedures that carry a much higher risk. As with 
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superficial targets, bleeding is the most common complication. It is a more serious issue in the 
deep-seated targets, mainly because local compression cannot be applied to stem the bleeding. 

Serious bleeding is most likely to occur if the needle tip lacerates the liver or splenic capsule. 

The risk of laceration is significantly increased if the patient is not able to cooperate with 
breathing instructions. To minimize the risk of serious hemorrhage, the patient's coagulation 
parameters should be evaluated before the procedure. It is sometimes advisable to temporarily 
stop medication that interferes with coagulation to reduce the risk of hemorrhage. Although 
bleeding rarely has serious consequences, the patient should be told that the aspiration 
procedure may result in hemoptysis, hematuria, hematospermia, or bloody discharge from the 
rectum or vagina, depending on the location of the target of the FNA 

The Thorax 

Pneumothorax is the most common significant complication from FNA of targets within the 
thorax (Green, 1982). The vast majority of pneumothorax cases resolve spontaneously. 

Pneumothorax may also result from FNA in the upper abdomen if the needle tip accidentally 
penetrates the diaphragm and enters the pleural space. A rare but very serious complication 
when sampling the lung is systemic arterial air embolism (Aberle et al, 1987). 

The Abdomen 

In the abdomen, very rare but potentially serious complications include necrotizing 
pancreatitis (Evans et al, 1981), biliary peritonitis, bowel perforation, and localized 
peritonitis (Malberger et al, 1984). An obstructed and thus distended biliary system and 
intestine may be vulnerable to leaking and should be avoided. We observed a case of biliary 
peritonitis in a patient with distended Curvoisier gall bladder (Koss et al, 1992). However, in 
the vast majority of cases the penetration of bowel, vessels (including large arteries), and other 
abdominal structures with 22-gauge or thinner needles causes no significant damage. The hole 
created by the needle is smaller than those caused by sutures commonly used during 
abdominal surgery. 

Infections in Transrectai Sampling 

Although overall infection after FNA is exceedingly rare, it is a significant issue when performing 
transrectai FNA particularly of the prostate gland (Esposti et al, 1975). There is some evidence 
that prophylactic antibiotics administered before the start of the procedure are protective. Fever 
over 101°F (38.5°C) that develops after transrectai sampling should be treated promptly and 
aggressively. Sampling the prostate in patients with symptoms of acute prostatitis should not be 
done. 

Infarction 

Complete or partial infarction of tumors and lymph nodes as a result of FNA may occur but is 
very rare. Most common sites reported are thyroid masses, tumors of the salivary gland, and 
lymph nodes (Davies and Webb, 1982; Jones et al, 1985; Kern, 1988; Jarayan and Agarval, 

1989; Keyhani-Rofagha et al, 1990; Kini, 1996; Mukurnyadzi et al, 2000). We have also 
recorded a case of infarction of a lymph node. In most cases, the necrosis is not complete and 
a histologic diagnosis can be rendered. Us-Krasovec et al (1992) noted that tissue necrosis 
usually occurs if the lesion is sampled with multiple needle passes. 

Tumor Implantation 
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Implantation of tumor along the needle track has been reported for both 22-gauge and thinner 
needles used for FNAas well as for core needles, 18 gauge and larger. Larger-bore needles 
carry a much higher risk of causing tumor seeding, and it has been estimated that increasing 
the diameter of the needle by a factor of 2 increases the seeding risk by a factor of 60 (Roussel 
et al, 1989). The most common sites of tumor implantation in needle track include the chest wall 
(Sinner and Zajicek, 1976; Moloo et al, 1984), the thyroid gland (Hales and Hsu, 1989; 

Karwowski et al, 2002), the kidney (Kiser et al, 1986; Wehle and Grabstald, 1986), and the 
pancreas (Smith et al, 1980; Caturelli et al, 1985, Rasleigh-Belcher et al, 1985). Although 
seeding of tumor in the needle track is of concern, it is not known whether this complication 
significantly changes the disease outcome for these patients. DeMay (1996) provided a 
comprehensive summary of published cases with documented tumor implantation. 

Of more concern may be the possibility that tumor cells will be disseminated outside the primary 
tumor by FNA sampling, thus increasing the risk of metastatic disease. Two studies investigated 
the impact of FNAon long-term survival in patients with primary breast cancer (Berg and 
Robbins, 1962; Taxin et al, 1997). Neither study found any adverse effects of FNA 
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Diagnostic Problems in Histopathoiogy After Aspiration Biopsy 

LiVolsi and Merino (1994) described a distortion of histologic patterns in the thyroids, mimicking 
carcinoma, after aspiration biopsy. We have treated many thousands of patients and have not 
experienced this problem. However, infarction of the tumor or a lymph node after aspiration may 
cause interpretative problems, particularly in the diagnosis of malignant lymphoma. In such a 
case seen by us, a second biopsy of a lymph node was required to establish the diagnosis. 

BASIC SMEAR PREPARATION TECHNIQUES 

The goal of smear preparation is to allow optimal distribution of well-preserved cells and small 
tissue fragments on the slide. Several different basic smearing techniques have been 
described. All have their advantages and disadvantages, and will produce different artifacts. 

The choice of smearing technique is partly a matter of preference, and most operators favor 
one method over another. Here, a one-step smearing technique will be described in detail and 
other methods will be mentioned briefly. The description is based on slides with frosted ends. 

One-Step Technique 

The basic one-step smearing technique (Abele et al, 1985) is designed to process a harvest 
consisting of one or two droplets of semisolid tissue material. A small amount of blood (one or 
two drops) may also be included. The non-dominant hand steadies the needle as the needle 
tip, bevel down, is touched to the frosted (proximal) end of a clean slide. The harvest (or part of 
it) is expelled onto the slide in the form of a droplet (see Fig. 28-8). Next, the slide is picked up 
by its frosted end between the thumb and forefinger of the nondominant hand. The other 
fingers are used to create a steady platform beneath the slide. A clean slide is then held by its 
frosted end in the dominant hand (Fig. 28-1 0A). Its lower long edge is placed against the first 
slide at a 45° to 90° angle proximal to the droplet (Fig. 28-1 0B). This top edge of the slide is 
then lowered until it touches and then covers the droplet and the two slides are flush (Fig. 28- 
10C). At this point, the material is spread in one smooth motion by pulling the top slide along the 
entire length of the bottom slide (Fig. 28-1 0D). The movement should be smooth and fairly rapid 
but not hurried. It is very important to keep the two slides parallel to each other during 
smear preparation to avoid scraping the bottom slide (Fig. 28-11). As soon as the smear has 
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been prepared, the first (bottom) slide should be fixed. Any delay in fixation will result in air- 
drying artifacts. The second (top) slide used for smear preparation usually contains no 
diagnostic material and can be reused to make several smears from the same harvest. 




Figure 28-10 Basic smear preparation technique (one-step technique). A. Place the 
slide with the harvest in the nondominant hand. B. Place a clean slide at an angle, resting 
on the bottom slide. C. Rotate the top slide until the two slides are flush. D. Spread the 
material by sliding the top slide. 



When the droplet is large enough, the material can be divided to prepare additional smears. 

To divide the material, the two slides are initially positioned as for the one-step smear 
technique. The top slide is then gently rotated down until it just touches the droplet, thus picking 
up a portion of this material. The two slides are then separated. The top slide is kept in the 
dominant hand and is used to prepare a smear via the one-step method described above, using 
a new clean slide as the bottom slide. Finally, a smear is made of the original droplet, again 
using the one-step technique. 

An alternative method of smear preparation is to put a clean slide on top of the slide holding 
the expelled material and then pull the two slides apart sideways. Another variant of smear 
preparation involves placing a second slide over the slide holding the aspirated material and 
then lifting it 
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straight up. These two techniques are easier to master than the one-step technique, but in my 
experience the one-step technique results in better smears. 
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Figure 28-11 Method of smear preparation: the two slides must be kept flush throughout 
the smearing process to avoid scraping artifact. 



Material Diluted With Blood or Other Fluids 

Dilution of the diagnostic material with excess fluid (usually blood) is by far the most common 
reason for difficulty in smear preparation. Several techniques can be used to process such 
specimens. The goal is to separate tissue fragments from the fluid prior to smear preparation. 
Two techniques that can be used in a complementary fashion will be described in detail; others 
will be mentioned briefly. 

When expelling material diluted with fluid, it may be necessary to spread it over several slides. 
The slides containing most tissue fragments can be easily identified. The best slide should be 
selected first and held in the nondominant hand by its frosted end (Fig. 28-1 2A). The slide is 
tilted toward the preparer so that the fluid runs down along the long edge of the slide and the 
tissue fragments remain in the center (Fig. 28-1 2B). The short edge of a second clean slide is 
then used to remove these fragments (Fig. 28-1 2C,D). The second slide with tissue fragments 
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is placed at a 45° to 90° angle against a third clean (bottom) slide, rotated down until it is flush 
with the bottom slide, and then pulled along the length of the bottom slide along a parallel 
course (Fig. 28-12E-G; see also Fig. 28-11). This process may be repeated, collecting 
additional fragments from the original slide. 



A 



D 




G 

Figure 28-12 Concentration and smearing of the diluted harvest (A) part I. B. Tilt the slide. 
C,D. Use a clean slide to remove stranded fragments. E. Replace the bottom slide with a 
clean slide. F. Position the slides at an angle and rotate the top slide until it is flush with the 
bottom slide. G. Smear by sliding the top slide, keeping it flush with the bottom slide. 



Another method for handling material diluted by excessive fluid is a two-step technique 
(Abele et al, 1985). As in the previous method, the best slide (i.e, the slide containing visible 
fragments of tissue) is selected. This slide is held in the nondominant hand with its frosted end 
tilted down and away from the preparer (Fig. 28-1 3A). This allows the excess fluid to flow down 
toward the frosted area, leaving behind tissue fragments over the surface of the slide. A clean 
slide is then used to move the tissue fragments and remaining fluid, first toward the frosted end 
of the first slide and then back to the middle of the bottom slide (Fig. 28-13B-E). The top side is 
removed (Fig. 28-1 3F) and the tilt of the bottom slide is then increased slightly to allow the 
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remaining fluid to run off (Fig. 28-1 3G). Fragments of tissue have thus been collected in a row 
across the middle of the bottom slide, and most of the fluid has been drained. The fragments 
may then be smeared by the one-step technique, using a clean slide (Fig. 28-1 31-1,1). 

Excess fluid can also be removed with the use of a gauze pad to soak up part of the fluid 
before smear preparation. The harvest may also be placed in a watch glass, and a round 
coverslip may be used to retrieve the tissue fragments. 
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Figure 28-13 Concentration and smearing of the diluted harvest, part II. A. Tilt the slide 
with the harvest end toward the frosted end. B-E. Transport the fragments and remaining 
fluid toward the frosted end without lifting the slide or changing the angle; transport the 
gathered fragments to the middle of the slide. F. Lift the top of the slide. G. Tilt the bottom 
slide further to allow the fluid to run off. H. Place the top slide at an angle and rotate it until 
it is flush with the bottom side. /. Smear the fragments by sliding the top slide. Keep the two 
slides flush. 
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FIXATION AND STAINING OF ASPIRATED MATERIAL 

The most commonly used stains for smears of aspirated material are the Papanicolaou, 
hematoxylin-eosin, and Romanowsky-type stains, such as May-Gruenwald-Giemsa 
(Fisher Co.), Wright-Giemsa (Fisher Co.), and Diff-Quik (Allegiance) (see Chap. 44 for staining 
methods). Table 28-1 compares these stains. 

The Papanicolaou stain requires immediate fixation in alcohol before the smears start to dry. 
Ethanol (95%) is most commonly used; methanol in a 70% to 95% solution also produces good 
results. Smears intended for Romanowsky-type stains are air-dried before the staining 
procedure is initiated, and can be stored indefinitely in their unstained state. 

Of the Romanowsky-type stains, the May-Gruenwald-Giemsa and Wright-Giemsa stains, when 
applied by immersion, appear to yield the best results. The Diff-Quik and Wright-Giemsa stains, 
when applied by automatic Stainer, often fail to penetrate sufficiently into cell clusters. This 
problem can be corrected by increasing the staining time. 

Rapid Staining Techniques 

A rapid staining technique is valuable for a preliminary evaluation of material before the 
patient is released. The main purpose of rapid staining and microscopic review at the 
bedside is to ascertain that adequate material has been collected. This approach 
facilitates the decision as to whether to collect additional material for special studies in 
selected cases. In addition, in many cases a preliminary diagnostic assessment can be 
made. Several rapid stain options are available, including a fast version of the Papanicolaou 
method, the hematoxylin-eosin stain designed for frozen sections, Diff-Quik or May-Gruenwald- 
Giemsa stains with the staining time reduced to 2 minutes for each, and toluidine blue, which 
is by far the fastest. 

Briefly, the smear is immersed in alcohol for at least 15 seconds. One to two drops of toluidine 
blue solution (0.05 g toluidine blue powder, 20 ml 95% alcohol, and 80 ml distilled water, 
mixed and filtered before use) are applied to the smear, which is wet-mounted with a coverslip. 
After the stain is allowed to penetrate for 10 to 15 seconds, the slide is turned over onto a paper 
towel or other absorbent material with the coverslip in place, and excess stain is removed by 
applying moderate pressure to the slide. The slide is ready for a preliminary evaluation in 
about 1 minute. After microscopic evaluation, the slide is reimmersed in alcohol. The coverslip 
will fall off and the slide can be stained by the Papanicolaou or hematoxylin and eosin 
method. The alcohol will remove the toluidine blue from the cells. If an abbreviated version of 
the May-Gruenwald-Giemsa stain (such as the Diff-Quik) is chosen, the stain will be less 
intense than when applied in the standard manner; however, the smears may be restained 
using the standard protocol. For details regarding stain preparation and usage, see Chapter 44. 

Liquid Processing of Aspirates 

The collection of material in liquid media, and processing by one of the two FDA-approved 
methods (ThinPrep; CytycCorp., Boxborough, MA; and SurePath, TriPath Imaging, Inc., 
Burlington, NC) have been applied to aspirated samples. Michael et al (2001) noted that 
SurePath offers a somewhat better preservation of architecture of cell clusters and cellular 
integrity than ThinPrep. Kurtyn and Hoerl (2000) cautioned against the indiscriminate use of 
thinlayer technology. Serious reservations about the use of this technique were also expressed 
by Michael and Hunter (2000) 
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who also pointed out that the ThinPrep technique leads to artifacts and diagnostic pitfalls. 

Salhadar et al (2001) concluded that routine use of the ThinPrep technique for aspiration 
biopsy is diagnostically not justified. 



TABLE 28-1 COMPARISON OF MAY-GRUENWALD-GIEMSA (MGG), HEMATOXYLIN- 

EOSIN, AND PAPANICOLAOU STAINS 



Factors 


MGG 


Hematoxylin-Eosin 


Papanicolaou 


Preparation 
of material 


Air-drying 


Alcohol fixation 


Alcohol fixation 


Cytoplasmic 

features 


Brings out a variety of 
cytoplasmic granules 
and inclusions 


Offers little 

cytoplasmic 

differentiation 


Brings out 

cytoplasmic 

keratinization 


Nuclear 

features 


Chromatin features 
difficult to assess; air- 
drying may induce 
artifacts 


Tends to overstain 
nuclei unless 
carefully performed 


Excellent 
identification of 
nuclear features 


Nucleoli 


Readily visible as pale 
intranuclear structures 


Adequate, 
sometimes difficult 
to see in 
hyperchromatic 
nuclei 


Adequate, 
sometimes difficult 
to see in 
hyperchromatic 
nuclei 


Mucus and 
colloid 


Well visualized 


Require special 
stains 


Require special 
stains 


Familiarity 
to users 


Stain familiar to 
hematologists 


Stain familiar to 
tissue pathologists 


Stain familiar to 
cytopathologists 



However, cells collected in fluids are suitable for additional diagnostic procedures, such as 
molecular studies and proteomic profiles (Filie et al, 2001; Panizo et al, 2001). 

Preparation for Special Studies 

Aspirated material can be used in a number of special studies. Cell surface markers that are 
needed to characterize hematopoietic neoplasms can be identified on aspirated material. 
Most commonly, this is done using either flow cytometry or a cytospin technique. A 
quicker way to process aspirated material for cell surface markers is to use 
cytocentrifugation. For both techniques, the aspirated cells are suspended in a growth 
medium, such as RPMI (Tani et al, 1989; Sneige, 1990). Whichever technique is used, 
properly collected cytologic material will allow for a wide battery of cell surface markers 
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to be examined (see Chaps. 31 and 45). 

Evaluation of the estrogen and progesterone receptor content and molecular markers in 
breast cancer can be done on cell blocks with the use of staining techniques applied to 
histologic material (Masood et al, 1990). Dardick et al (1992) and Guindi et al (1994) 
described in detail the application of immunocytochemistry and electron microscopy to 
aspirated samples. The material can also be used for sophisticated molecular studies and 
proteomics (Fille et al, 2001; Panizo et al, 2001). 

Cell Blocks 

As an option in specimen preparation, cell blocks may be prepared. This is particularly useful 
when special studies, such as immunohistochemical studies, are required for complete 
evaluation of the lesion (Zito et al, 1995). In my experience, leftover material from the needle, 
collected by washing after preparation of smears, seldom produces useful information that adds 
to the diagnostic evaluation. Instead, I recommend using cell blocks in selected cases 
with a specific purpose. In such cases, I typically put aside one or several dedicated 
samples in order to ensure a rich, diagnostically meaningful specimen. The harvest 
may be placed in RPMI, a solution used for fluid-based cytology, or buttered 
formaldehyde. The specimen should be examined against a light source. The presence of 
fragments of tissue in the fluid ensures a good cell block preparation. I also find it helpful to 
include a few drops of blood in the specimen. The blood makes the specimen highly 
visible during processing of the paraffin block, and therefore less likely to be lost or 
cut suboptimally. For details regarding cell block processing, see Chapter 44. 

SPECIAL PROBLEMS IN ASPIRATION TECHNIQUE 

A basic rule that applies to all aspiration sites is that the patient should be in a comfortable 
position that provides the operator with optimal access to the target. This may vary with the 
target organ; hence, several different positions and approaches may be considered before the 
aspiration is performed. 

Thyroid Gland 

In most instances, sampling a mass in the thyroid gland is easiest if the patient is in a 
position that allows the skin and muscles of the neck to be relaxed. The patient should 
lie flat on the back, either without a pillow or with 
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a thin pillow under the head. A pillow under the neck or shoulders tends to stretch the tissues in 
the anterior portion of the neck, making it difficult to access the mass, especially if it is located 
deeply within either lateral lobe, away from the isthmus. However, if stretching the neck 
brings the mass forward and makes it easier to palpate, then this is the best position 
for the patient to be in. 

To make sure that the mass is in the thyroid, I find it helpful to feel the mass move up 
and down on swallowing before sampling. Immobilizing a target in the thyroid gland is best 
achieved by pushing the lesion against the trachea, using the volar aspects of the forefinger 
and middle finger. The sternocleidomastoid muscle should be pushed to a lateral position and 
should not be allowed to cover the target (Fig. 28-14A). Passing through layers of muscle when 
inserting the needle adds significantly to the discomfort of the patient, while making needle 
placement more difficult and uncertain. Also, small fragments of muscle may plug the needle, 
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jeopardizing subsequent sampling of the target. Ideally, the angle of the needle should be 
tangential to the trachea. This way, the needle will be less likely to penetrate the trachea, 
with resulting loss of the sample in the barrel of the syringe. The tangential approach also 
allows easier sampling of small and/or flat lesions close to the trachea. It is important for the 
patient to refrain from swallowing during the sampling. One way to achieve this is to 
ask the patient to swallow just before the needle is placed through the skin and into 
the target area. 

A common problem in sampling the thyroid is the presence of blood diluting the specimen. 

While it is often impossible to avoid some admixture of blood in the sample, several measures 
can be taken to minimize the amount. 



Figure 28-14 A Needle aspiration of the thyroid gland. The needle should be tangential to 
the trachea, and one should avoid passing through the sternocleidomastoid muscle. B. 
Needle aspiration of lesions located beneath the sternocleidomastoid muscle. The lesion 
must be stabilized by reaching around the muscle. Slide the thumb down slightly to expose 
the skin overlying the mass and then insert the needle. 



■ The needle should be moved back and forth in one plane only. Changing the plane of the 
needle, particularly when the needle is deeply embedded in the tissue, will increase the 
amount of blood in the specimen. 

■ If blood appears immediately upon entering the target, the needle should be moved back 
and forth only four or five times before it is withdrawn. 

■ Although the retrieved cellular component may be relatively sparse, there will be less blood in 
the sample, and acceptable diagnostic smears can be prepared. 

■ Since the first sample from any given area of a target usually contains the least amount of 
blood, it is often advantageous to perform two standard aspirations in different areas of 
masses measuring more than 1 .5 cm in their greatest diameter. This will increase the 
chances of obtaining representative material. 

■ Sampling with a thin needle without suction, as described above, usually decreases the 
admixture of blood. 

If, in spite of these precautions, the samples contain a significant amount of blood, the special 

preparation and smearing techniques described above should be used. A blood-rich sample 



A 




B 
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may also be submitted for processing as a cell block or a liquid-based preparation. For further 
comments on aspiration biopsy of the thyroid, see Chapter 30. 

Deep-Seated Neck Lesions 

It is not unusual for deep-seated neck masses to be at least partially covered by the 
sternocleidomastoid muscle. Patients with such masses often have an abnormal contour of the 
neck because the mass is pushing on the midportion of 
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the muscle. Although the mass can be palpated through the muscle, it is usually difficult to 
appreciate its size or determine its outline. Abetter way to palpate a deep neck mass is to place 
the thumb on the anterior aspect of the mass between the sternocleidomastoid muscle and the 
larynx, and the index and middle fingers on the posterior aspect of the mass behind the muscle 
(Fig. 28-14B). Access to the mass can be facilitated by having the patient turn his or her head 
in the direction of the mass, facing slightly downward to relax the muscle. When the mass 
has been palpated and immobilized, one can perform the aspiration by sliding the thumb down 
slightly, if necessary, to expose the skin overlying the mass. This approach allows better 
sampling and avoids painful penetration of the muscle. Collins et al (1998) reported an excellent 
correlation between FNAof neck masses and positron emission tomography (PET) in sampling 
deep-seated metastases. 

Small Targets Adjacent to Major Blood Vessels 

The most common example of a small target located near a major blood vessel is a small neck 
lymph node adjacent to the carotid artery. Sampling of these lesions must be done very 
carefully to avoid penetrating the wall of the vessel. Although the puncture of a vessel is not 
life-threatening, it may void the purpose of the aspiration, for several reasons: 

■ Penetration of an arterial wall is quite painful for the patient. 

■ If a significant amount of blood is aspirated, the cellular material is almost always lost. 

■ Bleeding into the adjacent tissue makes repeated sampling of a small target difficult, if not 
impossible; a delay of 10 to 14 days for the hematoma to resolve may be required before 
another aspiration can be attempted. 

■ There is also the theoretical possibility that a preexisting atheromatous plaque will be 
dislodged in the artery; however, to date there are no published reports of such an 
occurrence. Penetration of the blood vessel can be avoided by carefully identifying 
the vessel's outline and positioning the needle tangentially to it (Fig. 28-15). 

Breast 

Most solid breast masses are palpable with the patient lying down. This position is also the 
most convenient for sampling. Sometimes, however, a breast mass may be palpable only 
when the patient is sitting in an upright position. In such rare cases, the aspiration can be 
performed with the patient sitting either straight up or leaning slightly forward. An assistant can 
make the patient more comfortable and prevent her from moving backward during the biopsy by 
providing support to the shoulders. 

The nipple and the areola of the breast are most sensitive to pain from a needle stick. 

These areas should be avoided whenever possible. Masses in these areas can sometimes be 
pushed away from the nipple, immobilized, and sampled through adjacent skin. Subareolar 
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masses that cannot be relocated should be approached laterally with application of a local 
anesthetic (Fig. 28-16). When a breast mass is located close to the chest wall, there is the 
possibility that the needle will penetrate it and cause a pneumothorax. This can be avoided by 
moving the mass sideways so that it rests on a rib. This not only prevents penetration of the 
chest wall, it also provides good support for immobilizing the target lesion. If the target cannot 
be moved into a safer position, the angle of the needle should be adjusted: Instead of 
approaching the chest wall at an angle of 90°, a more tangential approach may be used (Fig. 

28-17). These techniques are applicable to any small mass located anywhere on the chest wall. 




Figure 28-15 Needle aspiration of small targets close to a vessel. The needle should 
be tangential to the vessel wall. 



Several reports have described the use of stereotactic mammography devices for sampling 
nonpalpable breast lesions (Nordenstrom et al, 1981; Azavedo et al, 1989) (also see Chap. 29). 

Briefly, the breast is compressed, as during a routine mammography, between two plates. The 
posterior plate is firmly fixed to its support and has an engraved, radiopaque millimeter scale 
that corresponds to a 50 x 

R1070 

50-mm window in the anterior plate. The breast is placed between the plates, with the lesion 
visible within the window. Two exposures are taken, 15° apart. The position of the lesion is 
entered into a computer, which calculates the correct angle and depth for the position of the tip 
of the needle. After the needle is inserted, two additional stereoradiographs are taken to confirm 
the correct placement. Once the needle is positioned accurately, a cell sample can be obtained 
by the customary aspiration technique. The procedure may be repeated to collect additional 
material. 
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Figure 28-16 Needle aspiration of lesions near the nipple. The movable target should 
be pushed away from the nipple and aspirated from the side. The areola must be avoided. 




Figure 28-17 Needle aspiration of small lesions in the chest wall. Position the needle 
at an angle tangential to chest wall, in order to avoid pneumothorax. 



High-resolution ultrasound is becoming more common as a diagnostic technique in breast 
and other organs (Bentz et al, 1998). It is also a very valuable tool that can be utilized to guide 
the needle tip into the target. It allows visualization of the needle tip, in real time, as it moves 
through the target and secures the sample. This approach provides additional evidence that the 
sample is truly from the correct target area. Ultrasound guidance is particularly suited for 
nonpalpable breast masses that are visible on ultrasound. For further comments on aspiration 
of the breast, see Chapter 29. 
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Cystic Lesions 

Cysts may occur in various organs and in many configurations, each of which requires a 
different approach. The most common cystic lesion sampled by aspiration is a benign 
monolocular breast cyst with a thin, fibrous capsule. The fluid is usually slightly opaque and 
ranges in color from light yellow (straw-colored) to dark green. This type of cyst should be 
followed clinically and no further therapeutic action is required if no palpable mass remains after 
the aspiration, unless there is a recurrence. If there is a residual mass after the fluid has been 
evacuated, it should be reaspirated or examined by a surgical biopsy. This applies to any 
aspiration site, not only the breast. If the breast cyst fluid contains blood that is not 
obviously the result of sampling trauma, a tissue biopsy should be performed, unless 
a neoplastic process can be diagnosed in the aspirated material. The thyroid gland also 
commonly harbors cystic lesions, whether benign or malignant. The aspirated fluid may show 
evidence of bleeding, but the epithelial component may be absent. If the cyst collapses after 
aspiration but recurs, it is advisable to remove it surgically. 

In the case of multiple or multiloculated cysts, several aspirates may be necessary in order to 
evacuate the fluid and allow for effective sampling of any adjacent solid areas. 

Intracutaneous Lesions 

The most common example of an intracutaneous tumor is recurrent or metastatic breast 
cancer, usually in a location close to the previous mastectomy scar. Because these lesions are 
very thin and contain only a relatively scanty cancer component, usually surrounded by a dense 
fibrous stroma, sampling can be difficult. Avery thin needle is usually best suited for the 
aspiration procedure, with 26- or 27-gauge needles being optimal. To complicate matters 
further, the skin is highly sensitive and sampling can be quite painful. Local anesthesia applied 
to the area of the lesion is effective. 

The position of the needle should be almost parallel to the skin surface. The needle tip 
should be inserted at the edge of the target and the needle moved back and forth through it, 
remaining within the thickened skin (Fig. 28-18). If the needle is inserted at a 90° angle to the 
skin, it inevitably will slip through the target into the subcutaneous tissue, resulting in a sample 
containing only fat. 

Large Lesions 

Necrosis generally occurs in the center of large lesions because of an inadequate blood supply. 
Therefore, if the first sample yields only necrotic debris, another sample, obtained tangentially 
to the edge of the mass, should be secured. This strategy is also helpful when the initial 
sampling yields squamous debris or mature squamous cells, which may represent metastatic 
squamous carcinoma. Still, a careful microscopic examination of the necrotic debris may yield 
valuable information in many cancers and in infectious processes such as tuberculosis. 

P.1071 



1863/3276 



Koss' Diagnostic2SytdIe^yr&|Ued-liStBiJBaJ : tislife^lteB3^0GgtE!th,BJnear Preparation, and Principles of Interpretation 




Figure 28-18 Needle aspiration of intracutaneous lesions. Use a 26-gauge or smaller 
needle. The needle should be placed tangentially in order to avoid penetration of the 
subcutaneous fat. 



Masses in the Axilla 

Axillary masses are difficult to aspirate, especially if they are situated high in the axilla and are 
movable and small. They are usually best palpated with the patient in an upright position with 
the arm relaxed and only slightly abducted (Fig. 28-19). The index and middle fingers are used 
to reach above the mass, press it against the chest wall, and pull it down, if possible, into a 
position more accessible to sampling. With the mass held firmly in this manner, the thumb of the 
same hand should be placed below the mass to further immobilize it and facilitate the 
aspiration. The operator should sit somewhat lower than the patient, facing the axillary area. An 
assistant may support the patient's arm, or the patient may place his or her hand on the 
operator's shoulder and let the arm hang as relaxed as possible. If the mass is palpable and 
accessible while the patient is lying down, sampling may be done in this position. 
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Figure 28-19 Needle aspiration of deeply seated axillary lesions. With the patient in 
the sitting position, allow the arm to hang relaxed. With the forefinger and middle finger, 
pull the lesion down against the chest wall. Smooth out the fat tissue with the thumb. The 
needle should be tangential to the chest wall. 



Lesions of Bone and Deep-Seated Soft-Tissue Masses 

A careful review of radiologic studies is necessary before attempting aspiration of lesions 
involving bone. Such lesions can be sampled easily by aspiration, provided that the cortex 
has been markedly thinned or eroded. If a thick layer of cortical bone covers the target, access 
may be gained by using various trocar-type instruments designed for this purpose. 

Soft-tissue masses are suitable targets for aspiration. However, it has been my experience 
that frequently the mass is deeper than it appears to be on initial clinical examination. Three- 
inch spinal needles are often useful in these situations. Occasionally, CT guidance is helpful 
even when the mass is clinically apparent. For further comments on aspirates of bone and soft 
tissue, see Chapters 35 and 36. 
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See Chapter 33 for lesions of the prostate, and Chapter 41 for lesions of the eye. 

FAILURE TO OBTAIN A REPRESENTATIVE SAMPLE: WHY IT OCCURS AND HOW 
TO CORRECT IT 

Excessive Blood 

A specimen diluted with a substantial amount of blood is likely to be inadequate for diagnosis. 

There are several ways to reduce the amount of blood. The first sampling of an area is the 
most likely to yield a good specimen, and it should be carefully planned. In subsequent samples 
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the amount of blood is likely to increase substantially. If the mass is 1 .5 cm or larger in diameter, 
one should consider sampling two or more areas. In this way, it is often possible to obtain two 
optimal samples. Bleeding is reduced if the direction of the needle is not changed when the tip 
is inside the target (see Basic Aspiration Technique section above). 

As discussed above, when sampling highly vascular organs, such as the thyroid gland, it may 
be impossible to avoid aspirating substantial amounts of blood in spite of good technique. The 
procedures to follow in aspiration of the thyroid are discussed above. The sampling technique 
without suction, also described above, is often effective in targets with an abundant blood 
supply. For samples containing a substantial amount of blood, special smearing techniques 
designed to concentrate the tissue fragments can be used (see above). 

Insufficient or Nonrepresentative Material 

Insufficient material may result from one of several causes, including incorrect needle 
placement. For instance, if the needle is placed at a 45° angle overlying a 1-cm mass situated 
0.5 cm under the skin surface, the needle tip will not enter the mass (Fig. 28-20). When 
choosing an angle other than 90°, the needle tip must be placed in a manner that will allow it to 
penetrate the lesion. Other common examples of incorrect needle placement include inserting 
the needle tip too deeply or too superficially. Sometimes, especially in the breast, a mass 
may seem to be deceptively large. For example, a mass may appear to be 3 cm in diameter on 
palpation; however, not infrequently, the solid core of the neoplasm will be less than half that 
size. In order to acquire a good specimen, the needle tip must be placed within that core (Fig. 

28-21). In this situation, it is often very helpful to use the needle tip as a sensitive indicator of 
changes in consistency. When the needle enters an area of increased resistance, it is likely that 
the tip is correctly positioned for sampling. Insufficient sampling also occurs when the 
target is not completely immobilized and the target is moving back and forth with the needle 
tip. To prevent this, firm pressure must be used, and the fingers holding the target should be 
very close to it (see Figs. 28-5 and 28-6). This is especially important with small targets 
measuring 1 to 2 cm in diameter. 




Figure 28-20 Placement of the needle depends on the angle used. The use of the wrong 
angle may result in a missed target. 
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Figure 28-21 Al-cm central core containing the diagnostic material in a palpable mass 
measuring 3 cm clinically. 



A target composed predominantly of dense connective tissue stroma may also present a 
sampling problem. In this case, as the needle penetrates the target, the consistency of the 
target resembles that of rubber. It is often difficult to make a 22- or 23-gauge needle travel back 
and forth through such a target. These targets often contain a relatively scant epithelial 
component, and frequently yield a “dry tap” or a very scanty cell harvest. Fibrocystic change in 
the breast is an example of a lesion that can have these characteristics, but breast cancers, 
especially of the invasive lobular or scirrhous type, can be very similar. As indicated above, 
smaller (25-gauge) needles will penetrate the dense fibrous tissue more easily. In the case of 
invasive lobular carcinoma, the center of the mass may be almost acellular. However, the 
periphery of the mass is usually richer in cells, making it possible to harvest diagnostic material. 

Air-drying artifacts occur when alcohol fixation is delayed, even for a few seconds. 

Specimens with scanty cellularity are especially sensitive to drying. To avoid air-drying, the 
container with the fixative should be at hand, open and ready to use. The decision as to 
whether to fix a smear in alcohol should be made before the smear preparation has been 
completed. The inspection of the slide should be delayed until after initial brief fixation. 

If spray fixatives are preferred, an assistant should be ready to apply the fixative as soon as the 
smear preparation has been completed (for description of fixatives, see Chap. 44). 

Blood clotting is a common problem. It distorts the architecture of cell clusters and may 
obscure microscopic 
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detail. To avoid clotting, the aspiration procedure must be fairly rapid. This requires practice in 
sampling and smear preparation techniques to the point where the motions follow each other 
naturally and there is no need to hesitate and recall what should be done next (see Model for 
Learning the Basic Sampling and Smearing Technique section below). When clotting occurs 
during smear preparation, alcohol fixation is generally preferable to air-drying because it allows 
better visualization of the cells in the sample. 

Crush artifact is another problem that usually has one of two causes. Crushing occurs when 
too much pressure is applied to the material during smear preparation. Crushing also occurs if 
the smear preparation technique, performed with two slides, is faulty and the slides form a slight 
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angle during smearing instead of being parallel (flush) with each other. The result is scraping 
rather than smearing of the harvest (see Fig. 28-11). Crush artifact may also occur if the sliding 
movement begins with the slides parallel to each other, but the top slide is angled before the 
smear is completed. This results in a satisfactory smear at the top end of the slide, but crushed 
cells and decreased cellularity at the bottom. This artifact is usually apparent when the smear is 
inspected with the unaided eye. 

If single cells and clusters of cells overlap to the extent that they interfere with 
interpretation, insufficient pressure may have been applied during smearing. This is a much 
less common problem than excessive pressure. Difficulty in separating fluid from tissue 
fragments occurs when the two-step technique is used and the bottom slide is insufficiently 
tilted toward the frosted end. This tilt must be maintained throughout the procedure. 

MODEL FOR LEARNING THE BASIC SAMPLING AND SMEARING TECHNIQUE 

Fresh animal livers, available in food stores, can serve as a safe and useful tool for learning 
the basics of both sampling and smear preparation. Beef and pork livers are preferable to 
chicken livers because there is less likelihood of air pockets and plugging of the needle by 
fibrofatty tissue. Asimple model can be prepared by placing a quarter-pound piece of liver 
into a single or double latex glove, which is then tied off. Since no real aspiration targets are 
present in this model, lesions of different sizes and at different depths will have to be imagined. 

It is often helpful to outline the size of a target on the glove with a marker or pen. Important 
things to consider during the practice sessions include proper placement of the nondominant 
hand to stabilize the “target,” the location of the needle tip during sampling, and the number of 
needle excursions. 

As far as smear preparation is concerned, the liver is a suitable practice material because it has 
properties very similar to those of many cancerous tissues. The aspirated sample is suitable for 
the one-step smear technique and for dividing material for multiple smears. For practice in 
handling diluted material, a few drops of tap water can be mixed with the tissue fragments on 
the slide after they are expelled from the needle. Experience can also be gained by sampling 
fresh tissues from surgical pathology procedures. An added bonus is the acquisition of 
histologic reference materials from various lesions. 

Common problems that can be corrected with this model include a tendency for the needle to 
penetrate somewhat deeper with each excursion so that the tip ends up beyond the target. 

Another problem is the lateral pressure on the instrument, which can be identified by wrinkling 
of the glove surface and slight bending of the needle. Lateral pressure is hazardous to the 
operator because if the needle accidentally slips out of the patient, it may stick one of the 
fingers holding down the target. This is especially dangerous when dealing with patients who 
are carriers of hepatitis or human immunodeficiency virus (HIV). 

Performing actual aspiration biopsies and preparing smears of the resulting harvest from living 
patients is more demanding than working with animal livers. The patient requires considerable 
attention, and once sampling is under way, time is of the essence. 

To become skilled at sampling and smearing, it is necessary to perform many biopsies on 
patients. However, the process can be accelerated considerably by conducting repeated 
practice sessions with animal livers before attempting the procedure in a clinical setting. 



APPROACH TO THE INTERPRETATION OF THE ASPIRATED SAMPLE 

Several factors are important in the interpretation of the aspirated sample: 
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■ Accurate knowledge of clinical data 

■ Sex and age 

■ Clinical signs and symptoms 

■ Anatomic location of the lesions 

■ Relationship of the lesion to adjacent structures and organs (i.e., is the lesion freely movable 
or attached?) 

■ Roentgenologic or ultrasound findings 

■ Laboratory data (these data must be obtained either directly from the patient or from clinical 
colleagues) 

■ Gross appearance of the sample 

■ Cystic lesions will yield fluid in various amounts and of variable color and levels of turbidity. 

■ Solid lesions will yield only material contained in the needle and the tip of the syringe. As the 
material is expressed on the slide, the color of the first droplet may be significant; malignant 
tumors or other cellular lesions will often appear as granular, grayish material. A bloody 
appearance of the droplet may indicate dilution with blood. The consistency of the droplet 
may also vary: thyroid lesions rich in colloid, or lesions rich in mucus may yield gluelike, 
viscous material. 

Low-Power Review 

As the first step in assessing the smears by low-power viewing, it is important to answer the 
following questions: 
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■ Does the smear contain cellular material other than blood? 

■ Is the smear rich in cells? 

■ Are the cells lying singly or in clusters? (If clusters are present, their general configuration is 
of value, as discussed elsewhere in this book.) 

High-Power Review 

In smears that are judged satisfactory after preliminary viewing, a high-power examination is 
required to establish the definitive diagnosis. 

TRANSLATING CYTOLOGIC PATTERNS INTO HISTOLOGIC PATTERNS 

For a pathologist, a cardinal step in the mastery of aspiration cytology is the ability to translate 
the cytologic patterns into histologic tissue patterns of diagnostic value. Acytologic preparation 
obtained by aspiration may be compared with a jumbled puzzle in which the components must 
be fitted together by the observer to form a familiar picture. Furthermore, a histologic section 
has an essentially flat, two-dimensional quality, and represents a thin cross section of a tissue 
or organ. The cytologic preparation from an aspirated sample is often three-dimensional, as it 
usually contains structured fragments of tissues that were removed in toto from their setting and 
subsequently squashed between the slide and the coverslip. Single detached cells usually 
accompany the tissue fragments. The mere quantitative relationship between the tissue 
fragments or clusters and single detached cells is in itself a source of important information. In 
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general, a cytologic pattern requires synthesis of the evidence, whereas a histologic section 
requires analysis of the evidence. 

A common property of cancer cells is their poor adhesiveness (see Chap. 7). Consequently, 
aspirates of malignant tumors often contain large populations of cancer cells 
selectively removed from the target. Thus, rich cellularity of smears and cell dispersion are 
the hallmarks of cancer. Aspirates of benign targets are usually less cellular and contain 
fewer single cells. Still, there are numerous exceptions to the rules; hence, a careful 
examination of the entire evidence is required. In general, it is advisable to study not only the 
make-up of the cell clusters but also the individual detached cells before a diagnostic 
conclusion is reached. The understanding of the messages contained in cell clusters and single 
cells is discussed at some length below. 

The diversity of organ sites that can be aspirated places severe demands on the interpreter of 
the cell samples. A great variety of microscopic patterns must be mastered to differentiate the 
normal from the abnormal, and to classify the abnormal according to diagnostic categories of 
clinical value. Thus, basic training and experience in histology and surgical pathology 
are essential prerequisites that must be met before aspiration cytology is attempted. 

Benign Tissues 
Ducts and Acini 

Tissues that contain ducts and glands, such as the breast, the prostate, the salivary glands, 
and the pancreas, are among the targets most often aspirated. The principal characteristics of 
benign ducts and acini in aspirates are summarized in Figure 28-22AB. The following features 
must be emphasized: 

■ There is a generally good adherence of cells, forming flat sheets or clusters. 

■ The cell borders are well demarcated, with formation of the “honeycomb” pattern, often 
accompanied by evenly distributed, centrally located nuclei. 

■ The nuclei are of uniform size, with fine chromatic structure and absence of molding. 

■ The nucleoli are absent or small. 

■ Myoepithelial cells in the form of small, dark, oval nuclei, within and outside of clusters, are 
often present. When occuring singly, the myoepithelial cells are typically seen as bare nuclei 
devoid of cytoplasm. 

Multilayered Epithelia 

The principal characteristics of aspirated multilayered epithelia are shown in Figure 28-22C. 

Squamous epithelium or the urothelium (transitional epithelium), when aspirated, shed well- 
demarcated cells, either singly or in small clusters. The following features must be emphasized: 

■ The cells vary in size, depending on their derivation (cells from superficial layers are 
generally larger and have a more abundant cytoplasm than cells from deeper layers). 

■ The nuclei are uniform in size and have finely granular chromatin. Nucleoli are generally not 
visible. 

Note that the nuclei of superficial squamous cells tend to be pyknotic. Superficial urothelial cells 
(umbrella cells) are often multinucleated, and the individual nuclei may be large and contain 
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nucleoli (see Chap. 22). 

Connective Tissue 

As Figure 28-22D indicates, the spindly cells of aspirated connective tissue typically appear as 
single cells or compact, multilayered clusters. The nuclei of fibroblasts are generally oval and 
may contain small nucleoli. The cytoplasm is delicate. Fragments of connective tissue with 
fibroblasts bound by collagen may be observed in some situations. In general, the amount of 
connective tissue stroma is scanty, but there are some exceptions to this rule. 

Capillaries and Other Small Vessels 

In aspirates, the capillaries (as shown in Fig. 28-22E) appear as three-dimensional, sausage- 
like, elongated tubular structures, 
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measuring 10 to 30 pm in diameter and filled with blood cells. Under some circumstances, 
branching capillaries with a mantle of fibroblasts may be observed. 



B#ntgn Epithelial Structures 



Histology Cytology 
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Figure 28-22 Comparison of histologic patterns with cytologic patterns in aspirates of 
some benign tissues. A Acini. Left, Schematic presentation of a cross section of a gland 
acinus with myoepithelial cells surrounding glandular cells. Right, In smears whole acini 
appear as sharply outlined, cohesive, multilayered clusters of cells of even sizes. The 
myoepithelial cells (MEC) may either be found within the squashed acini or appear as 
dispersed, comma-shaped, dark nuclei outside of the cell clusters. Fragments of acini 
appear as small cell clusters with sharply demarcated cell borders forming a honeycomb 
pattern. The myeopithelial cells are seen either outside or within these cell clusters. B. 
Ducts. Left, Schematic presentation of a cross section of a duct with MEC. Right, In 
smears the ducts appear as flat epithelial structures in a honeycomb pattern or as 
detached fragments in which the cells are arrayed in parallel rows. Depending on the 
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caliber of the duct, the cells are either cuboidal or columnar in shape. The MECare seen 
either within or outside of cell clusters. C. Multilayered epithelium. Left, Schematic 
presentation of histology. Right, The presentation in smears depends on the type of 
epithelium. The cells may either form cohesive clusters or appear singly. The size of the 
individual cells depends on the level of the epithelial maturation. Superficial squamous or 
urothelial cells are significantly larger than cells from the deeper layers. D. Connective 
tissue. Left, Schematic presentation of fibroblasts in a tissue section. Right, In smears, 
detached fibroblasts mayeither appearsingly or form loosely-structured clusters. Smooth 
muscle has a similar presentation. E. Capillaries. Left, Schematic presentation of a cross 
section of a capillary with blood cells in the center. Right, In smears the capillaries in 
aspirates appear as tubular structures crowded with blood cells. 



Malignant Tumors 

Adenocarcinomas 

Figure 28-23A.B summarize the principal cytologic features of adenocarcinomas. The 

presentation depends on the degree of differentiation, but in general, adenocarcinomas share 

certain common characteristics: 

■ There is formation of large, three-dimensional cell clusters composed of several layers of 
superimposed cells. Monolayered clusters (sheets of cells) may also occur in well- 
differentiated tumors. 

■ In papillary adenocarcinomas, the clusters tend to be spherical or oval, and may show 
palisading of peripheral cells. 

■ Individual tumor cells, which are almost invariably present, may have a cuboidal or columnar 
configuration, with clear or vacuolated cytoplasm. 

■ The nuclei, enlarged to various degrees, may show only moderate hyperchromasia and a 
moderately coarse arrangement of chromatin. Distortions of nuclear shape may be observed. 

Large, sometimes multiple, nucleoli are common. 

■ Products of cell secretion include intra- or extracellular mucus and large intracytoplasmic 
vacuoles. Psammoma bodies or concentric proteinaceous structures that are commonly 
calcified may be observed in a variety of papillary carcinomas. 
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Histology Cytology 





Figure 28-23 Comparison of histologic and cytologic patterns in aspirates of 
adenocarcinoma. Top, Gland forming carcinomas. The cancer cells form irregular clusters 
with many detached cuboidal or columnar cells. Cytoplasmic vacuoles may be observed. In 
some tumors the cancer cells form rosette-like clusters ( arrowhead ). Bottom, Papillary 
carcinomas are characterized by multilayered spherical or oval (“papillary”) clusters of 
cancer cells. 



Solid Carcinomas 

The main cytologic features of solidly growing carcinomas are shown in Figure 28-24. The 

following must be emphasized: 

■ Cancer cells are more likely to appear singly than in clusters. 

■ The cell clusters have no particular structural arrangement and may be mono- or 
multilayered. 

■ The individual cells are of variable shape and configuration, and in squamous carcinomas 
may be very bizarre. 

■ In some tumors, notably the epidermoid and urothelial cancers, the cytoplasm of individual 
cells is sharply demarcated. In squamous carcinoma, the cytoplasm may show marked 
eosinophilia suggestive of keratin formation. The keratin formation may be sufficiently 
abundant to change the affected cells into an anucleated squame or a “ghost cell.” In other 
tumors, the cell borders are often indistinct, and in clusters cannot be identified. 

■ The nuclei are markedly enlarged and hyperchromatic, and have a very coarse chromatin 
pattern. Nuclear molding is common. Large nucleoli may be present, particularly in poorly 
differentiated cancer cells. 
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Histology Cytology 




Figure 28-24 Comparison of histologic and cytologic patterns in aspirates of solid 
carcinomas composed of large cells. The cancer cells are either dispersed or form small 
clusters. This tumor type is usually easily identified in smears. 
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Anaplastic (Poorly Differentiated) Carcinomas 

The principal features of anaplastic carcinomas (shown in Fig. 28-25) are as follows: 

■ Cancer cells may range in size from very large to very small, depending on the tumor type. 

■ Most cancer cells are dispersed, but small-cell clusters are nearly always present. 

■ The cytoplasm of the tumor cells is often poorly preserved and appears scanty. 

■ In small-cell-type carcinomas (oat-cell carcinomas), there are nearly always two types of 
nuclei: larger, better preserved vesicular nuclei, and small pyknotic nuclei. 

■ The nuclei are nearly always hyperchromatic. 

■ In small-cell carcinomas, the cells in clusters show molding. This feature is helpful in 
separating anaplastic carcinomas from lymphomas. 

■ The nucleoli are usually not prominent. 

■ The tumor cells are very fragile, particularly in small-cell carcinomas, and are often destroyed 
during smear preparation, forming a “crushing artifact” or streaks of DNA 

Malignant Lymphomas 

The cytologic features of malignant lymphomas are described in Chapter 31 . The key features 
of lymphomas are the scarcity of cell clusters, the absence of nuclear molding, and the 
presence of lymphoglandular bodies (see Chap. 31). 

Soft-Tissue Sarcomas 

The great variability of configuration of soft-tissue sarcomas precludes any generalization in 
reference to their cell patterns. In general, spindle-cell sarcomas will display elongated cells, 
singly and in jumbled clusters. The nuclear features are quite variable and not necessarily 
indicative of tumor prognosis. 
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Other forms of sarcomas may display some characteristic features, such as osteoid formation in 
osteosarcomas, fat in liposarcomas, and cross-striations in rhabdomyosarcomas. Pigment 
formation in malignant melanomas and related tumors is diagnostically very helpful, if present. 



Histology Cytology 




Small cell type with 
central necrosis 




Figure 28-25 Comparison of histologic and cytologic patterns in aspirates of anaplastic 
(poorly differentiated) carcinomas. Top , Small-cell carcinomas are often characterized in 
smears by a dual population of cells: cancer cells with relatively large nuclei and cancer 
cells with small, pyknotic nuclei. The pattern is characteristic of oat cell carcinoma of the 
lung. Bottom, Large-cell carcinomas are characterized by dispersed, large cancer cells. 
Nuclear molding may be observed in small clusters. 



ORGANIZATION OF AN ASPIRATION SERVICE 

Performance of the Aspiration 

The needle aspiration technique for palpable lesions originated with clinicians in the United 
States and Europe. However, two different pathways of interpretation emerged. Initially, in the 
United States the smears, obtained by clinicians or radiologists, were usually interpreted by 
pathologists. In Sweden and other European countries, however, they were interpreted by the 
same person who performed the aspiration, perhaps because in the past, no pathologists were 
available to perform this service (Koss, 1980b; Soderstrom, 1980). Both pathways offer certain 
advantages. Acareful clinical history and first-hand knowledge of the palpatory findings may 
assist in the interpretation of the aspirated sample. If the person performing the aspiration is a 
clinician, he or she is at the mercy of the histopathologist who interprets the tissue patterns. 
The interpretation of the cell sample by pathologists offers the benefit of comparison of the cell 
and tissue patterns, but often deprives the pathologist of the benefit of detailed clinical findings. 

The current trend among pathologists is to combine all three functions: performing the 
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aspiration of palpable lesions, and interpreting the cell sample and the tissue. Fellowships in 
cytopathology, which are offered by many institutions in the United States, train young 
pathologists in both the aspiration technique and smear interpretation. However, with the 
introduction of aspiration biopsy of nonpalpable lesions requiring roentgenologic or ultrasound 
guidance for precise targeting, the radiologists, other ultrasound specialists, and, in some 
instances, gastroenterologists 
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and specialists in nuclear medicine have remained active participants in the aspiration 
procedures. 

The Aspiration Clinic 

Many institutions have now organized an aspiration clinic run either by cytopathologists who 
perform the procedure and interpret the material, or by a team consisting of radiologists, 
physicians, or surgeons who perform the aspiration, and a cytopathologist who interprets it. 

Such aspiration clinics offer the benefit of a centralized outpatient area that may be equipped 
with appropriate examination tables and equipment required for a variety of aspiration 
procedures. A small laboratory facility with appropriate stains and a microscope is also available 
for testing the adequacy of the samples and, at least in some cases, for an immediate 
diagnosis. The aspirated material is referred to the central laboratory for further processing. In 
most instances, patients with palpable lesions require only a short recuperation period before 
being sent home. The final diagnosis is available to the referring physician or surgeon (and the 
patient) sometimes within minutes, but usually within 2 to 3 hours after aspiration. In hospitals, 
in order to make the aspiration procedure available at all times on very short notice (not unlike a 
frozen section), it is advisable to designate a person as being “on call” and to provide this 
person with appropriate equipment. 

The system implemented at Montefiore Medical Center consists of a cart containing slides, 
bottles with fixatives, rapid stains, an assortment of necessary instruments, and a microscope. 

The cart is manned by a cytopathology staff member or fellow, or a pathology resident who is 
on call from 8 a.m. to 5 p.m., the customary hours during which aspirations are performed. It is 
the duty of the person in charge to obtain the essential clinical and roentgenologic data that 
may prove important in the interpretation of the material, to pass preliminary judgment on the 
adequacy of the aspirated sample, and to prepare the material for final processing and 
interpretation. This system has proven to be effective over a period of 15 years. 
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29 

The Breast 



Cancer of the breast is the most important malignant disease affecting women in the 
industrialized world. It is the principal cause of cancer morbidity and mortality in the United 
States, with 192,200 new cases and 40,200 deaths estimated for the year 2001 (Greenlee et al, 

2001). The most important risk factor is a history of breast cancer in close relatives. A small 
number of patients come from families that have mutations of the breast cancer genes 
BRCA1 and BRCA2, and perhaps other genes as well (Lakhani et al, 1998; Loman et al, 1998, 

2000; Haber, 2000; Hedenfalk et al, 2001; Ziv et al, 2001). The risk of breast cancer is 
minimally increased in women who take hormonal contraceptives, but this risk is no longer 
present 10 years after cessation of medication (Collaborative Group on Hormonal 
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Factors in Breast Cancer, 1996). However, treatment with estrogen and progestin for symptoms 
of menopause constitute an important risk factor, regardless of whether the treatment is of short 
or long duration (Chlebowski et al, 2003; Li et al, 2003b). Heritability of mammographic 
densities has also been tentatively suggested as a risk factor (Boyd et al, 2002). 

Breast cancer has a well known and much studied natural history. The morphologically 
recognizable initial stages of breast cancer are carcinomas in situ that are confined to breast 
ducts or lobules, or both. It is evident that a major upheaval in cell proliferation genes, such as 
p53, must occur before the tumor develops, but very little is known about these early events 
(Haber, 2000). Invasive breast cancer is derived from carcinoma in situ; however, the 
precise rate of progression is unknown. Once invasion has occurred, breast cancer can 
metastasize to regional axillary lymph nodes and beyond. 

Staging reflects the extent of the spread of breast cancer. According to the TNM (fumor, 
lymph /7odes, /7?etastases) classification system, carcinomas in situ are classified as Tis; 
tumors that are limited to the breast and are no larger than 2 cm in diameter are T1; larger 
tumors limited to the breast are T2 or T3, and tumors with evidence of metastatic spread are T4 
(Rosen, 2001). The concept of sentinel lymph node (SLN), i.e., the axillary lymph node 
most likely to harbor metastatic cancer, as identified by tracing substances (a blue dye 
or radioactive colloid, or both, injected into the breast), has become important in assessing 
treatment options (Giuliano et al, 1994, 1995; Fraile et al, 2000; McMasters et al, 2000). An 
SLN containing metastatic cancer documents that the disease has spread beyond the breast 
into the homolateral axillary lymph nodes. 

The behavior and prognosis of breast cancer are generally stage related. Early-stage 
cancer that is limited to the breast has a better prognosis than cancer that has spread to the 
lymph nodes. However, for reasons that are not well understood, the behavior is 
unpredictable in many instances (Li et al, 2003). Some early-stage, low-grade carcinomas 
may progress rapidly, and, vice versa, patients with metastatic cancer at discovery may have 
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excellent long-term survival. Possible factors in the prognosis of breast cancer are discussed 
further on in this chapter. 

Prior to the 1980s, the principal mode of diagnosis of breast cancer was the appearance of a 
palpable breast lump, discovered by either the physician or the woman herself. With the 
introduction of mammography and ultrasonography, and the recognition that nonpalpable 
cancer of the breast may be identified by these diagnostic modalities, it has become a mantra in 
medical practice that early diagnosis of mammary carcinoma offers women a choice of 
therapeutic options and the best chance for cancer-free survival (Fisher, 1999). The value of 
mammography as a screening mode for breast cancer detection has been brought into question 
by a metaanalysis of the results of several clinical trials (Gotzsche and Olsen, 2000; Olsen and 
Gotzsche, 2001). Asignificant controversy over this issue has resulted from these studies. A 
more recent analysis from Sweden reported that mammography reduced mortality from breast 
cancer by 21% (Nystrom et al, 2002). Astudy in Finland indicated that the prognosis of breast 
cancer discovered by screening mammography is better than that of lesions of similar size 
discovered by palpation (Joensuu et al, 2004). Magnetic resonance imaging (MRI) of the 
breast has been recommended as the optimum mode of breast cancer detection in women with 
mutations of breast cancer genes 1 and 2 (Warner et al, 2004). 

There is good evidence that for women with small breast cancers (less than 3 cm in diameter), 
the survival options have increased significantly with the use of various forms of adjuvant 
therapy, such as radiotherapy, after local excision of the tumor (lumpectomy) and 
chemotherapy, administered either before or after surgery (National Institutes of Health, 2000). 
Prophylactic mastectomy has been shown to be of value in very high risk women (Meijers- 
Heijboer et al, 2001; Ghosh and Hartmann, 2002; Ryan et al, 2003). 

The failure to establish a diagnosis of breast cancer in a timely fashion may result in dire 
consequences for the patient and the physician. Dedicated breast cancer centers have been 
created to provide women with reassurance if no disease is found, and with early diagnosis and 
treatment if breast cancer is suspected. Breast cancer in males is uncommon and is not a 
public health problem. Regardless of the sex of the patient and the method used to discover the 
lesions, cytologic techniques play an important role in the diagnosis of mammary 
carcinoma. 

METHODS OF INVESTIGATION OF THE BREAST 

The breast may be subjected to self-examination or to palpation by a health provider, resulting 
in the discovery of a breast “lump.” Mammography serves to reveal nonpalpable abnormal 
densities. Especially suspicious are those with ragged borders or clusters of 
microcalcifications, both of which require further diagnostic clarification. Ultrasonography 
may also be used for tumor detection, and is particularly helpful in separating solid from cystic 
lesions. Magnetic resonance imaging (MRI) has been shown to be an effective technique 
for the detection of breast cancer, although it has a lower specificity than mammography 
(Weinreb and Newstead, 1995). 

The stereotactic technique of needle aspiration of nonpalpable lesions detected by 
mammography was first developed at the Karolinska Hospital in Stockholm (Bolmgren et al, 

1977). The initial procedure was quite complex and required taking three films of the breast, 
using a special table with the breast positioned in an aperture in the table top and compressed 
to facilitate imaging. The position of the lesion was calculated by means of a computer. A 
cannula (1 mm thick, with an internal stainless steel needle) was inserted into the mammary 
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tissue and cellular material obtained, as described in Chapter 28. After the sampling was 
performed, a small stainless steel suture was threaded into the lesion, and the path between 
the lesion and the skin was marked by injection of India ink to serve as a marker for surgical 
removal of the lesion, if warranted. Since these early efforts, new machines for stereotactic 
aspiration 
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of small, mammographically-detected breast lesions have become available, but the 
fundamental principles have remained the same. Within recent years, ultrasound techniques 
have been used for the same purpose. None of these methods guarantees the discovery of all 
breast lesions (Kerlikowske et al, 1995). Helvie et al (1991) pointed out that about 7% of 
women undergoing guided-needle biopsies or wire-localization procedures suffer from a 
vasovagal reaction, which in some cases may be severe and require treatment. 

Current practice requires that any lesion that is considered even remotely suspicious on 
clinical examination, mammography, sonography, or MRI should be examined 
microscopically to avoid missing a cancer. The rate of falsepositive screening 
mammograms in women between the ages of 40 and 69 has been estimated at 23.8% on 
multiple screenings, and at 13.4% on clinical examination with a colossal cumulative false- 
positive result of 49.1% after 10 annual examinations (Elmore et al, 1998). Consequently, 
a large proportion of breast biopsies are negative for tumor. There are several competing 
approaches to breast biopsy: 

■ Surgical excisional biopsy 

■ Core needle biopsy 

■ Biopsy by aspiration or fine-needle aspiration (FNA) 

The selection of the optimal method of biopsy depends greatly on the clinical circumstances, 
the mammographic or ultrasound findings, the skill of the operator, and the confidence of the 
physician or surgeon performing the cytopathological examination. Of the three approaches, the 
excisional biopsy is the most traumatic and expensive, but it offers the best diagnostic 
material, particularly for proving the absence of a malignant tumor. Excisional biopsy of very 
small lesions may cause significant problems for localization, unless a marker guiding the 
surgeon is placed in the breast during a visualization procedure (see above). If the excised 
lesion is histologically benign, the scar tissue will tend to make subsequent mammographic 
checks more difficult. 

The core needle biopsy, which may be performed under ultrasound guidance, is less 
traumatic but it may miss the critical lesions, and, in the case of doubt, may still have to be 
followed by an excisional biopsy (Parker et al, 1993). All tissue biopsies require fixation, 
embedding in paraffin, and cutting and staining of sections, and therefore are expensive and 
time-consuming. 

Needle Aspiration Biopsy (FNA) 

As discussed in Chapter 28, FNA can be performed with only a needle (Zajdela et al, 1987) or 
with a needle, syringe, and reusable syringe holder. It does not require elaborate tissue 
processing and is therefore the least expensive method of diagnosis (Layfield et al, 1993). 

The savings per 1,000 FNAs, in comparison with surgical biopsies, have been calculated at 
$250,000 to $750,000 (U.S.) (Rimm et al, 1997). An FNA does not require anesthesia or 
hospitalization, and it takes only a few minutes to perform. It is therefore the most 
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rapid and most versatile of the three approaches. A preliminary judgement as to the 
adequacy of the sample, and in many instances the diagnosis, can be made within minutes, 
thus alleviating the anxiety that any woman inevitably experiences when informed that she has 
a mammary lesion. A rapid diagnosis of a malignant tumor may also allow the patient to 
participate in the choice of therapies, some of which lead to preservation of the breast [i.e., 
local or segmental resection (lumpectomy)], followed by radiotherapy and chemotherapy. In 
many instances these treatments can replace a mastectomy, with equivalent results. Thus, FNA 
may save anxiety, trauma, time, and money. FNA is particularly valuable when the level 
of clinical suspicion is low, either because of the type of abnormality involved or the young 
age of the patient. Under these circumstances, the odds that the lesion will be benign are very 
high, and thus the health care provider may be hesitant to recommend a traumatic and costly 
tissue biopsy. The availability of a competent FNA team may provide an important diagnostic 
option. Dawson et al (1998) reported excellent results in breast cancer diagnosis in women age 
35 or younger. Cohen et al (1987) and Ljung et al (2001) emphasized that expertise in the 
procurement of the FNA sample is as important as sample interpretation in achieving the 
correct diagnosis in 97% to 98% of patients. 

Aspiration biopsy (FNA) of mammary lesions has become a quasi-routine clinical procedure in 
many hospitals and clinics, often replacing a preoperative tissue biopsy. The procedure may be 
used in the diagnosis of palpable lesions that may be either solid or cystic, or nonpalpable 
lesions detected by mammography, ultrasonography, or MRI. At the time of this writing, tiny 
lesions (measuring 3 to 5 mm in diameter) can be detected by these techniques and can be 
sampled by surgical excision, a core biopsy, or aspiration cytology. 

For the best results, palpable breast lesions should be aspirated by a skilled, trained 
pathologist who can obtain the patient's history directly from the patient. Sanchez and Stahl 
(1996) suggested that asking the patient to indicate the location of the lesion is more 
reliable than actual palpation, which may require the use of soap or cream to localize small 
lesions. The actual aspiration procedure is described in Chapter 28. It is the consensus of most 
observers that in most cases, two to four passes of the needle are required to harvest 
optimal diagnostic material (Pennes et al, 1990). Aspiration biopsy has also been shown to be 
useful after segmental resection because it allows the separation of benign sequelae of the 
procedure from recurrent carcinoma (Ku et al, 1994). 

Smears or cell block material from patients with breast cancer are also suitable for ancillary 
examinations of possible prognostic value, such as quantitation of steroid receptor- 
binding [estrogen (ER) and progesterone (PR)], proliferation antigen (e.g., Ki 67), and DNA 
ploidy analysis and detection of gene expression (e.g., HER-2; see below). 

Although FNA is the most cost-effective approach to the diagnosis of palpable breast 
lesions, as discussed above, the procedure does involve certain diagnostic failures, as 
discussed below and again under Results. Obviously, “total reliability” in diagnosing breast 
cancer cannot be achieved 
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with any approach. The issue should be openly discussed with women who are led to believe 
that breast cancer is always diagnosable, and that a failure to do so is a punishable offense 
that belongs in a court of law (Koss, 1993). 

Limitation of the Aspiration Biopsy 

Given an adequate sample and an experienced interpreter, FNA is highly reliable for the 
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diagnosis of cancer. If, however, the FNA is judged to be “atypical” or “suspicious,” the 
procedure should be repeated, another opinion should be sought, or the lesion should 
be excised for histologic examination. Breast aspiration is a serious responsibility for the 
pathologist, and a false-positive diagnosis may result in an unnecessary mutilation of the 
patient, not considering the legal consequences. Whatever caveats have been expressed in 
this regard in the preceding chapters, they must be repeated and reinforced again in reference 
to the breast. Once breast tissue is removed, it cannot be replaced. 

If the smear is considered negative for tumor, lingering doubts may remain as to whether the 
sample was representative of the aspirated lesion and was appropriately interpreted. In 
such cases, the “triple test” may be of help. The triple test consists of a comparison of the 
clinical and mammographic findings with the results of the FNA (Hahn et al, 1980; 

Hermansen et al, 1987; Kaufman et al, 1994; Vetto et al, 1995; Morris et al, 1998; Salami et al, 

1999). If all three are negative for tumor, the reliability of negative cytologic findings approaches 
100%; however, missed diagnoses can occur occasionally, even with several passes of the 
aspiration needle. Perhaps for this reason, at the time of this writing (2004), core tissue 
biopsies are preferred to needle aspiration biopsies by some physicians when the 
lesion is diffuse and likely to be benign. Still, core biopsies may also fail, as discussed 
below under Results. 

A proposed protocol for patient management, which includes the triple test, was established 
during the consensus conference sponsored by the National Cancer Institute (1997) (Diagram 
29-1). 

Aspiration biopsies may sometimes impact subsequent tissue biopsies. Lee et al (1994) 
observed hemosiderosis, hemorrhage, and, rarely, partial necrosis of breast tissue in 17 of 184 
patients. 

Intraoperative Cytology 

Intraoperative cytology, which is briefly described in Chapter 1, may add to or, in some cases, 
replace a frozen section. Touch or scrape smears are easy to interpret in cases of obvious 
cancer, but may cause problems if the lesion is difficult to interpret (Esteban et al, 1987; 

Oneson et al, 1989; Silverberg, 1995). The technique has been applied to sentinel lymph 
nodes (Viale et al, 1999; Llatjos et al, 2002). Sauer et al (2003) reported that imprint cytology 
of sentinel lymph nodes is rapid and reliable, provided that the screening is done by 
experienced personnel. 

Nipple Secretions 

Before FNA biopsy found widespread acceptance, the principal cytologic approach to lesions of 
the breast was the study of spontaneous secretions of the nipple. 

This method is still valid, but only rarely leads to the diagnosis of occult intraductal 
carcinoma. Efforts have been made to aspirate the breast ducts by means of a specially 
constructed breast pump (Papanicolaou et al, 1958) or by visualization, cannulation, and 
aspiration of individual ducts (Sartorious and Smith, 1977; Sartorious et al, 1977), thus 
creating artificial nipple secretions. Ductography, a procedure that involves injecting the ducts 
with a radio-opaque substance to determine any abnormalities in the configuration of the 
lactiferous ducts, is particularly useful in assessing intraductal lesions, whether benign or 
malignant (Cardenosa and Eklund, 1991). The recent development of an extremely thin two- 
way catheter has made it possible to perform efficient lavage of individual breast ducts 
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(Dooley et al, 2001; O'Shaughnessy et al, 2002). The cytology of nipple secretions and ductal 
lavage is discussed in the closing pages of this chapter. 



ANATOMY AND HISTOLOGY OF THE NORMAL BREAST 

The female breast is composed of 15 to 20 modified sweat glands. In the resting 
(nonlactating) adult breast, the glandular portion is composed of clusters of small secretory 
lobules or acini (lobular units), connected by small ducts to the main excretory or 
lactiferous ducts opening into the nipple (Fig. 29-1). The stroma is composed of loose 
connective tissue and fat. After menopause, the lactiferous apparatus of the breast undergoes 
atrophy and the stroma becomes more fibrous. 

Each acinus or lobule in the resting state is composed of small cuboidal cells that line the 
lumen of the glands, which often contain inspissated secretions. An interrupted layer of flat 
myoepithelial cells with clear cytoplasm surrounds the glandular cells. During pregnancy, 
the secretory lobules undergo marked hypertrophy and produce first the collostrum and, 
after delivery, milk. 

The small ducts are lined by a layer of small cuboidal cells, with an outer interrupted layer 
of myoepithelial cells. The large lactiferous excretory ducts are lined by one to two 
layers of cuboidal cells that may assume a more columnar configuration as they 
approach the nipple. The myoepithelial cells form an outer flat layer of cells with clear 
cytoplasm in the distal part of the secretory ducts. The lining of the smaller ducts may 
undergo apocrine metaplasia, resulting in an epithelium composed of larger cuboidal cells 
with eosinophilic cytoplasm (see below). Soderquist et al (1997) studied proliferation of the 
mammary epithelium in aspirated samples from 47 healthy young volunteer women. They 
documented that the proliferation was dependent on the phase of the menstrual cycle: it 
was somewhat higher in the luteal phase, and correlated with serum levels of progesterone. 
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Diagram 29-1 Protocol for patient management proposed by the National Cancer 
Institute Consensus Conference on the Uniform Approach to Breast Fine-Needle Aspiration 
Biopsy, 1996, Andrea Abati, M.D., Conference Coordinator. (From Am J Surg 174:371-385, 
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1997. Courtesy of Dr. Andrea Abati, Bethesda, MD.) 



Schematic representation of the 
female breast 




Figure 29-1 Schematic representation of the components of the female breast. 



The nipple is composed of rather thick epidermis. Cells with clear cytoplasm, which react 
with antibody to low-molecular-weight keratins (CK 7), are present in normal nipples and may 
represent an intraepithelial extension of lactiferous duct cells (Toker, 1970; Yao et al, 2002). 

Accessory breast tissue may develop along the linea lacta, a breast anlage that stretches 
from the axilla to the inguinal region. It may be mistaken for a lymph node, particularly in the 
axilla, and may be recognized by its cytologic presentation (Dey and Karmakar, 1994). 

The male breast consists of only sparse ducts surrounded by scarce fat and connective 
tissue. The lobular apparatus is absent. 

CYTOLOGY OF NORMAL BREAST 

Normal breasts are virtually never aspirated. Thus, the configuration of normal cells is learned 
from aspirates of benign lesions. The most common component observed in aspiration 
biopsies and other sources of breast cells, such as nipple secretions and ductal lavage, is cells 
derived from ducts. These cells may appear singly (usually as cuboidal, sometimes 
columnar cells of various sizes, depending on the caliber 
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of the duct of origin) or as cohesive clusters composed of cells of equal sizes. In flat 
clusters, the duct cells show discernible cell borders (honeycomb clusters) (Fig. 29-2). 
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The cuboidal cells derived from the lining of small ductules are much smaller and are 
characteristically arranged in small clusters or sheets. The nuclei of ductal cells are of 
equal sizes, spherical, and vesicular in configuration, and sometimes containing very small, 
barely visible nucleoli. Nuclear folds or creases may be observed in such cells. Single ductal 
cells have a clear, somewhat eosinophilic cytoplasm that sometimes shows vacuoles, and the 
same nuclear features as cells in clusters. 




c 



Figure 29-2 Benign ductal cells in breast aspirate. A. Note the good adhesion of 
component cells of equal sizes. The “honeycomb” arrangement of the cells is well shown. 
B,C. Benign ductal cells obtained via ductal lavage. B. Small columnar cells. C. Flat cluster 
with “honeycombing” of component cells. The arrow points out the myoepithelial cells at 
the periphery of the cluster of ductal cells. ( B,C : Courtesy of Dr. B.-M. Ljung, San 
Francisco, CA) 



The ductal cells frequently undergo apocrine changes that may be either focal or 
extensive (Fig. 29-3AB). The aspirated apocrine cells, which occur singly or in small 
clusters, are larger than normal ductal cells and have abundant, finely granular 
cytoplasm that is eosinophilic in smears prepared according to Papanicolaou, or slate gray 
or bluish in smears stained with a hematologic stain. The apocrine cells have spherical, 
often dense nuclei that vary in size. Occasionally, prominent nucleoli may be seen. Apocrine 
cells with large nuclei, particularly in the presence of nucleoli, may be misinterpreted as cancer 
cells (Fig. 29-3C,D). The apocrine cells resemble the oncocytes that occur in salivary glands 
and Hurthle cells in the thyroid (see respective chapters). 

Mucus-producing ductal cells, resembling goblet cells, are occasionally found in breast 
aspirates, especially in fibrocystic disease. They are the dominant cell type in gelatinous or 
colloid carcinoma (see below). Secretory ductal cells with clear cytoplasm also occur in 
aspirates from breasts with fibrocystic disease. 

Normal acinar cells are very rarely seen in aspirates from a normal, nonpregnant female 
breast, and they should never be seen in a male breast. Occasionally, a cluster of small 
cuboidal cells is reminiscent of acini. However, complete lobular units, forming 
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approximately spherical, tight, lobulated dense structures, may be observed in ductal 
lavage specimens (Fig. 29-4A). In breast aspirates obtained during pregnancy and 
lactation, the lobular units can be readily recognized (Fig. 29-4B). Also during pregnancy and 
lactation, the acinar cells become much larger and show abundant, vacuolated cytoplasm 
and spherical, often dark nuclei with clearly visible large nucleoli that may cause 
diagnostic difficulties, as discussed below (see Fig. 29-21). 

Myoepithelial cells are recognizable as small, spindly, sometimes curved, dark 
homogeneous bipolar nuclei with very scanty cytoplasm that may either adhere to epithelial 
fragments (see Fig. 29-2) or appear singly (Fig. 29-5). In very well processed, air-dried 
aspiration smears, slender wisps of elongated cytoplasm at both ends of the oval nucleus 
may be observed occasionally (Fig. 29-5D). The presence and recognition of myoepithelial 
cells is of major diagnostic significance (see below). 

The stroma of the breast is composed of fat and loose or fibrous connective tissue, which may 
be observed as tissue fragments. Clusters of fat cells are recognizable by their spherical 
shape; clear, vacuolated cytoplasm; and small, compact peripheral nuclei (see Fig. 29- 
10C). The cells of connective tissue are slender, short fibroblasts with small, elongated 
nuclei. These cells often form clusters or bundles, particularly in diffuse fibrosis of the breast 
(fibrous mastopathy, see below) (Fig. 29-6). 
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Figure 29-3 Ductal cells with apocrine features. A. Breast duct showing the transition 
between the regular ductal epithelial lining and the lining with apocrine change. B. Breast 
ducts with apocrine metaplasia. C. Comparison of clusters of ductal cells with and without 
apocrine features. The larger size and eosinophilic cytoplasm of the apocrine cells are 
evident. D. Note scattered myoephithelial cells in background. Cluster of apocrine cells. 
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Figure 29-4 Lobular units. A Ductal lavage of a nonpregnant woman; shows a lobulated 
structure composed of a cluster of densely packed lobules. B. Breast aspirate of a young 
pregnant woman; shows numerous dispersed lobules. (A: MGG stain.) (A Courtesy of Dr. 
B.-M. Ljung, San Francisco, CA) 
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Figure 29-5 Myoepithelial cells. The small, slender, sometimes curved “bipolar” nuclei 
are much smaller in fixed, Pap-stained smears ( A,B ) than in air-dried Diff-Quik-stained 
smears ( C,D ). D. One of the nuclei shows spindly delicate cytoplasm. ( B,D : High 
magnification.) 
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Figure 29-6 Fibrous stroma of breast. A Fibroblasts in loose matrix. B. Disorderly 
cluster of small spindly cells from fibrous mastopathy. 



Another common component observed in breast aspirates is the foam cell, or large 
macrophage with vacuolated cytoplasm, which is described in detail in reference to breast cyst 
content (see Fig. 29-13). 

The lesions of the female breast listed in Table 29-1 will be discussed in that order. 
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TABLE 29-1 CLASSIFICATION OF LESIONS OF THE FEMALE BREAST 

Inflammatory lesions 

Acute and chronic inflammatory processes 
Lesions caused by trauma 
Fat necrosis 

Reaction to foreign bodies 

Lesions resulting from breast augmentation or reduction procedures 
Benign proliferative disorders 
Cysts 

Fibrous mastopathy and other fibrous lesions of the breast 
Rare benign lesions 
Benign tumors 
Fibroadenoma 
Lactating adenoma 
Intraductal papilloma 
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Rare benign tumors 
Malignant tumors 

Carcinomas of various types (see Table 29-3) 
Sarcomas 

Rare tumors and tumorous conditions 
Metastatic tumors 



INFLAMMATORY LESIONS 

Acute and Subacute Mastitis and Abscess 

Acute or subacute mastitis and abscess of the breast, which are caused by common pathogenic 
bacteria, are usually very painful for a patient with a history of recent pregnancy and lactation. A 
case of mastitis caused by actinomycosis, in a middle-aged woman, was reported by Pinto et 
al (1991). The reasons for aspiration of the breast are the presence of a palpable mass or 
reddened skin that may mimic an inflammatory carcinoma. 

An aspirate from diffuse suppurative mastitis or a breast abscess usually consists of semisolid, 
purulent material containing numerous inflammatory cells, such as granulocytes, 
lymphocytes, mono- and multinucleated macrophages, and necrotic material. In subacute 
mastitis, macrophages and lymphocytes prevail. The diagnosis is usually easy. Sometimes, 
however, large sheets of atypical epithelial cells with somewhat enlarged nuclei and 
small nucleoli, and macrophages with enlarged nucleoli present problems for the 
inexperienced examiner. Nevertheless, careful analysis of the acute inflammatory background in 
the smear, and the absence of single cancer cells should reveal the benign nature of such 
aggregates (Fig. 29-7). It is a sound principle to not render an unequivocal diagnosis of 
mammary carcinoma in the presence of marked acute inflammation. 
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Figure 29-7 Breast abscess. The smear shows numerous polymorphonuclear leukocytes, 
scattered ductal cells, and necrotic material. 



Plasma Cell Mastitis 

Plasma cell mastitis is a rare form of breast inflammation that may be associated with palpable 
induration and retraction of the skin, thus mimicking a carcinoma. The active lesions show 
periductal inflammatory infiltrates composed of lymphocytes and plasma cells. The 
ducts are often filled with inspissated secretions. 

The nature of the aspirates of these lesions depends on the stage of disease: during the acute 
stage, clusters of ductal cells and a mixed population of inflammatory cells are seen. The 
presence of plasma cells is conspicuous. The lesion may undergo spontaneous healing 
and fibrosis, and the inflammatory component will be reduced. The cytologic significance of this 
lesion is the presence of inflammatory atypia in ductal cells, which, in view of the 
disturbing clinical presentation, may be misinterpreted as cancer (Koss et al, 1992). 

Subareolar Abscess 

Subareolar abscess is a rare disease that affects women and men who develop a painful 
subareolar mass. 

A lesion of unknown etiology results from or leads to marked squamous metaplasia of the 
lactiferous ducts, which become obstructed and form a subcutaneous mass. Afistulous tract 
may result from inadequate treatment (for a recent summary see Lester, 1999). The aspirates of 
these lesions yield ductal cells, atypical squamous cells, and anucleated squames, which 
are a reflection of squamous metaplasia of breast ducts. Also present are foreign body giant 
cells, which are a reaction to squamous debris (Fig. 29-8). Similar observations have been 
reported by Galblum and Oertel (1983) and Silverman et al (1986). The lesions must be 
surgically excised because they will not heal under conservative treatment. 

Chronic Inflammatory Conditions 
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Tuberculosis 

Tuberculosis of the breast is much more common in developing countries than in the 
industrialized world. In a study from India, Shinde et al (1995) examined 100 cases, some 
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of which resulted in ulceration of the breast and required amputation. The histology of the 
disease is discussed in Chapter 19. Tuberculosis of the breast may mimic mammary 
carcinoma with lymph node metastases because of the presence of a firm breast mass and 
enlarged, palpable lymph nodes (Woyke et al, 1980). Aspiration of the breast mass reveals a 
typical cytologic picture of tuberculosis with granulomas composed of epithelioid cells 
and multinucleated giant cells of Langhans type, sometimes accompanied by eosinophilic 
necrotic material, reflecting caseous necrosis (Fig. 29-9). Because of the possibility of 
confusion with other forms of granulomatous inflammation of the breast, a confirmation of the 
diagnosis by demonstration of acid-fast Mycobacterium tuberculosis and by culture is 
advised. 
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Figure 29-8 Subareolar abscess. Aspirate of a painful breast nodule adjacent to the 
nipple in a 44-year-old woman. Epithelial cells stained with Diff-Quik (A) and Pap stain ( B ). 
In A the cells are columnar or oddly shaped. In B, the cytoplasmic stain suggests 
squamous derivation. C. Multinucleated giant cell. D. Tissue section showing squamous 
metaplasia of a breast duct surrounded by inflammatory infiltrate. 



In a unique case, we also observed a group of epithelioid cells in the nipple discharge from 
a 28-year-old woman known to have tuberculosis of the breast (Fig. 29-9C). Also in India, Nayar 
and Saxena (1984) observed several cases of tuberculosis of the breast, wherein epithelioid 
and giant cells of Langhans type were observed in smears of nipple secretions. 

Sarcoidosis 

Sarcoidosis is discussed at length in Chapter 19. Noncaseating granulomas diagnosed as 
sarcoidosis were reported by Gansler and Wheeler (1984) in association with a medullary 
carcinoma of the breast. Focal granulomatous reaction to malignant tumors may occur in 
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various locations, and cannot be considered as a manifestation of sarcoidosis in the absence of 
systemic manifestations of the disease. 

Idiopathic Granulomatous Mastitis 

Idiopathic granulomatous mastitis (also known as granulomatous lobulitis) is a rare, self- 
limited disorder of unknown etiology that affects the breasts of young women (Kessler and 
Wolloch, 1972; Fletcher et al, 1982). Histologically, the lesion consists of noncaseating 
granulomas, micro-abscesses, and inflammatory infiltrate surrounding the lobular areas of the 
breast. Like tuberculosis, the lesion may mimic breast cancer. The cytology of these lesions 
in aspirates is identical to that of tuberculosis, except for the absence of acid-fast bacteria 
and caseous necrosis (Macansh et al, 1990; Kumarasinghe, 1997). 

Mastitis Caused by Fungi 

Infrequent cases of inflammation of the breast caused by fungi have been observed. Houn and 
Granger (1991) reported a case caused by histoplasmosis, documenting the presence of the 
fungus in an aspirate. A case of aspergillosis 
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was reported by Govindarajan et al (1993). Undoubtedly, other cases of this type will be 
reported. 




Figure 29-9 Mammary tuberculosis. Aspiration smear (A) and tissue biopsy ( B ) from the 
breast of a 43-year-old woman thought to have mammary carcinoma with axillary lymph 
node metastases. A Granuloma composed of tightly packed elongated epithelioid cells and 
a giant cell of Langhans' type. B. Corresponding tissue section showing multiple 
granulomas. C. Nipple discharge in a 28-year-old woman with tuberculosis of the breast. A 
cluster of epithelioid cells is shown. 



Sclerosing Lymphocytic Lobulitis 

Sclerosing lymphocytic lobulitis is an uncommon disorder of the breast that is associated with 
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diabetes mellitus or autoimmune diseases, such as Sjorgen's syndrome. It consists of 
fibrosis of perilobular tissue associated with a dense lymphocytic infiltrate. The lesions, which 
have been compared with chronic lymphocytic thyroiditis or Hashimoto's disease, may form 
palpable masses and thus mimic cancer of the breast. Aspiration biopsies of a few of these 
lesions have been reported (Abele and Miller, 1994; Miralles et al, 1998). The principal finding 
was the presence of numerous benign lymphocytes and occasional epithelial fragments. 

The principal point of differential diagnosis is malignant lymphoma of the breast, as 
described below. 

LESIONS CAUSED BY TRAUMA 
Fat Necrosis 

Fat necrosis is often observed in women with pendulous breasts that have been subjected to a 
trauma. Sanchez and Stahl (1996) refer to it as “grandmothers' disease” because it is so 
often observed in grandmothers who sustain a trauma as a result of hugging their 
grandchildren. However, other forms of trauma, including surgery, may also cause the disorder. 

The affected area presents clinically as a firm mass that is partly fixed to the surrounding 
tissues, thus mimicking carcinoma. 

Aspirates from fat necrosis may contain amorphous material; fat and inflammatory cells 
such as neutrophiles, lymphocytes, macrophages, and epithelioid cells; and foreign 
body giant cells in various proportions. Whereas the fat cells in aspirates from the normal 
breast occur in clusters, in fat necrosis they are enlarged and dissociated (Fig. 29-10). Their 
cytoplasm is often vacuolated, and it may not always be possible to distinguish these cells from 
large foamy phagocytes. Ductal cells may be enlarged but have a normal nucleocytoplasmic 
ratio. The macrophages may be quite atypical and show large, multiple nuclei with 
prominent nucleoli that may be mistaken for cells of a not further specified malignant tumor 
(Fig. 29-11). Knowledge of the patient's clinical history, and the characteristic background of the 
smears with amorphous material and fat cells should be sufficient to prevent errors in diagnosis. 

Reaction to Foreign Bodies 

Foreign bodies may be introduced into the breast by prior surgical procedures (such as 
suture material). The smears show a typical foreign body reaction with multinucleated giant 
cells, some of which contain fragments of the foreign material, against a background of 
inflammatory cells. Some necrotic material may be present in the smears. 
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Figure 29-10 Fat necrosis. A. Spontaneous fat necrosis. The smear shows numerous fat 
cells, seen here as empty spaces, surrounded by macrophages with granular cytoplasm. B 
and C. Fat necrosis after surgical intervention. B. Multinucleated giant cell, a common 
finding in fat necrosis. C. Fragments of fatty tissue with inflammation and beginning 
fibrosis. (A Diff-Quik stain.) (A Courtesy of Dr. Miguel Sanchez, Englewood Hospital, 
Englewood, NJ.) 




Figure 29-11 Two different aspects of atypia in fat necrosis. A Cluster of ductal cells 
with enlarged nuclei. B. Markedly atypical macrophages with enlarged, irregular nuclei. 
(Diff-Quik stain.) (Courtesy of Dr. Miguel Sanchez, Englewood Hospital, Englewood, NJ.) 
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Figure 29-12 Breast reduction. Aspirate of a palpable breast nodule occurring in the scar 
after breast reduction surgery in a 38-year-old woman. A Large epithelial cells of uneven 
sizes with eosinophilic cytoplasm and large nuclei and nucleoli. B. Biopsy of the breast, 
showing atypia in the apocrine epithelium of the duct. 



Consequences of Breast Augmentation or Reduction 

Breast augmentation procedures involving the insertion of silicone implants may result in a 
reaction to leakage of silicone that may cause palpable lumps in the breast. If the reaction is 
also observed in axillary lymph nodes, as described by Tabatowski et al (1990) and Santo- 
Briz et al (1999), it may clinically mimic breast cancer. Cytologic examination of such lesions 
may be very helpful in the differential diagnosis. The smears show multinucleated giant cells 
containing birefringent granular material. 

Breast reduction procedures may also result in palpable lumps caused by reaction to suture 
material, focal fat necrosis, and fibrosis of mammary parenchyma, which may affect the 
breast ducts. In one such case, the FNA aspirate disclosed a foreign-body reaction and large, 
markedly atypical duct cells with enlarged, irregular nuclei and prominent nucleoli. Excision 
of the breast tissue disclosed focal atypia of ducts, but no evidence of cancer (Fig. 29-12). 

BENIGN PROLIFERATIVE DISORDERS 

Cysts of the Breast 
Pathology and Histology 

Single or multiple cysts of various sizes, which are readily identified by sonography, are the 
most common cause of a palpable swelling of the breast. When seen by the surgeon, the 
cysts may appear bluish in color; hence the term blue dome cysts is sometimes used to 
describe them. For the most part, cysts are a manifestation of fibrocystic disease (see below) 
and represent a dilatation of obstructed breast ducts. Most cysts are lined by a single layer of 
cuboidal or flattened epithelium, which rarely will become multilayered, and 
occasionally will form papillary projections. All of the cyst, or parts of it, may be lined by 
apocrine epithelium. The lumens of the cysts are filled with fluid, usually inspissated, 
containing desquamated and large cells with vacuolated cytoplasm, known as foam cells. 
Most of the foam cells are undoubtedly macrophages (Krishnamurthy et al, 2002), but some 
may represent modified duct epithelial cells, as proposed in previous editions of this book and 
in Papanicolaou's et al (1958) experimental work. 
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After aspiration, benign breast cysts should no longer be palpable. If there is a residual 
mass, a reaspiration or tissue biopsy is suggested to rule out the presence of a mammary 
carcinoma. 

Cytology 

Aspiration of breast cysts is a common practice. The aspirated fluid, which ranges in volume 
from 1 to 10 milliliters, can be clear or opaque, yellow, brown, green, or blood-stained. In 
general, clear fluids can be discarded because they will exceedingly rarely indicate an 
important lesion. However, opaque and bloody fluids should be submitted for cytologic 
investigation. The fluid must be spun down in a centrifuge, and the sediment must be 
prepared in the form of smears. 

Usually the fluid from benign breast cysts is fairly rich in vacuolated mononuclear or 
multinuclear “foam cells” of various sizes, and contains various numbers of benign ductal 
cells (occurring singly or in small clusters) that are often poorly preserved. In cysts with 
papillary proliferation of the lining, the epithelial cells are usually more abundant and larger 
(Fig. 29-13). Cysts for which cytologic analysis of the fluid suggests papillary proliferation 
should be excised for histologic study. 

If there is apocrine metaplasia, cells with granular cytoplasm, prominent nuclei, and nucleoli 
may be present. Spherical (“papillary”) clusters of apocrine epithelial cells can be observed 
(Fig. 29-14). Some apocrine cells may display very dark, sometimes quite large 
homogeneous nuclei with prominent nucleoli (Fig. 29-15). So long as the nuclei are 
spherical or oval, it is likely that they are benign. However, such cells may be mistaken for 
cells of apocrine carcinoma, wherein the degree of nuclear atypia is usually much greater (see 
below). 
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Figure 29-13 Breast cyst contents. A. Macrophages, some binucleated, with foamy 
cytoplasm. B. Exceptionally large “foam” cells. C. Clusters of epithelial cells, some of which 
have aprocrine features. 
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Figure 29-14 Benign cysts with apocrine lining. A Cyst fluid sediment with a large 
number of clusters of apocrine cells. B,C. Higher-power views of the clusters to 
demonstrate the granular eosinophilic cytoplasm and nuclei of variable sizes, some of 
which contain nucleoli. 
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Figure 29-15 Benign cyst fluid. A Atypical apocrine cells with hyperchromatic nuclei of 
variable sizes. B. Atypical apocrine cells with prominent nucleoli. C. Apocrine metaplasia in 
dilated duct, corresponding to cells shown in B. 



Several observers have reported the presence of laminated ring-like structures of various 
sizes, known as Liesegang rings in cyst fluid (Gupta et al, 1991; Gupta and Naran, 1993; 
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Gupta, 1996b). Raso et al (1998) analyzed these structures and concluded that they represent 
precipitable organic substances (see Fig. 25-13). It has been suggested that Liesegang rings 
may be the cause of mammographic opacities. 

Primary carcinoma originating in the cyst lining is exceedingly uncommon. The 

aspiration in such cases contains cancer cells, singly and in clusters. They are in every respect 
similar to cells of duct carcinoma, as described below. 

The differential diagnosis of common cysts includes a mucocele-like lesion, which is a cystic 
structure filled with mucus, as first described by Rosen (1986). These lesions and their 
malignant variant are discussed below along with mucinous (colloid) carcinoma. Another very 
rare point of differential diagnosis is the cystic hypersecretory ductal carcinoma, which may 
mimic a benign cyst (for a recent summary see Schmitt and Tani, 2000). This lesion is 
discussed below along with rare malignant tumors of the breast. 

Fibrocystic Disease 
Histology 

Fibrocystic disease of the breast is a common disorder in premenopausal women. It is caused 
by sequential proliferation and atrophy of the ducts and lobules, in synchrony with the 
menstrual cycle, and subsequent fibrosis of parenchyma of the breast. The fibrotic process 
may cause havoc with the distribution of the ducts, which may then become obstructed and 
form cysts (see above), or show major disturbances in the pattern of duct distribution. 

The fibrotic process also involves the lobular units, causing their atrophy. 

The epithelium of the ducts may also show proliferation or hyperplasia in the form of a 
multilayer lining that may become focally papillary, with partial replacement of normal 
epithelial cells by oncocytes. The fibrotic process may also involve the lobular units. A number 
of entities that are clearly related to each other may result from these events. They have been 
described as adenosis, microgladular adenosis, sclerosing adenosis, duct hyperplasia 
with epithelial proliferation, and dilatation (ectasia) of ducts. Excessive focal proliferation 
of the fibrous stroma may result in the so-called stromal nodules. All of these changes reflect 
an imbalance among the acini, ducts, and stroma, and may be observed side by side in the 
same breast. All may cause a palpable thickening or mass, and abnormalities in mammograms 
leading to biopsies. Small deposits of calcified secretions may be observed in such lesions 
that may appear on mammograms as microcalcifications. Rarely, within some of the small 
ducts, one may observe an accumulation of homogeneous eosinophilic spherical 
structures surrounded by small ductal cells, a condition known as collagenous spherulosis 
(Johnson and Kini, 1991; Sola-Perezet al, 1993) (Fig. 29-16). Highland et al (1993) studied the 
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spherical structures by immunochemistry and electron microscopy, and concluded that they may 
represent a reduplication of the basement membrane. 
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Figure 29-16 Collagenous spherulosis. A At high magnification, the aspiration smear 
shows small, homogeneous eosinophilic spherical bodies, measuring approximately 10 pm 
in diameter, surrounded by a single layer of small cuboidal cells (high magnification). B. 
Corresponding tissue section showing a small breast duct containing the homogeneous 
bodies surrounded by small cuboidal duct cells. The lesion must be differentiated from an 
adenoid cystic carcinoma. (Photographs courtesy of Dr. Sudha R. Kini, Ford Hospital, 
Detroit, Ml.) 



Cytology 

Regardless of what has been written on the subject of cytology, it is not possible to 
differentiate cytologically the various subgroups of benign proliferative breast 
processes from one another. Acomparison with corresponding tissue sections may be 
misleading because the smear does not necessarily reflect all of the several types of 
abnormalities present side by side. Stanley et al (1993), Sidawy et al (1998), and Lee and 
Wang (1998) reached similar conclusions. 

The most commonly aspirated lesions are small cysts, which occur in about 40% of women 
with fibrocystic disease, as shown in 509 consecutive cases with histologic confirmation 
(Franzen and Zajicek, 1968). Cytology of breast cysts is described above. 

Otherwise, the usually scanty smears contain the benign components of breast in various 
proportions, depending on the type of mastopathy involved. The most common 
component is epithelial cells that form flat, cohesive clusters and are accompanied by 
spindle-shaped, “bipolar” myoepithelial cells (see Figs. 29-2 and 29-5). Apocrine cells or 
oncocytes, some of which show large hyperchromatic nuclei, occur singly or in small, 
cohesive flat sheets (see Fig. 29-3). Various numbers of foam cells may be present (see 
Fig. 29-13). Sometimes fragments of stroma, composed of loosely structured bundles of 
spindly, elongated fibroblasts with benign nuclei, may be observed (see Fig. 29-6). Necrotic 
material may be present in cases with marked dilatation of ducts, containing inspissated 
secretions (duct stasis and inflammation). In the previous edition of this book, Zaijcek 
pointed out that in air-dried smears prepared with hematologic stains, dark-staining nuclei and 
a “dirty” appearance of the cytoplasm are additional signs by which epithelial cell clusters 
aspirated from benign intraductal proliferation can be identified. In this respect, the air-dried 
smears are superior to wet-fixed smears. In a study of patients with fibrocystic disease, Linsk et 
al (1972) observed larger sheets of epithelial cells in 4% of the patients, and stromal fragment 
in only 2%. Both findings have also been observed in fibroadenomas (see below). 
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The proliferation of duct epithelium with formation of intraductal papillary structures can be very 
marked in very young women with cystic disease of the breast (juvenile papillomatosis). In 
such young patients, whose breasts are very rarely aspirated, the epithelium may be abundant 
and the smear pattern may mimic a fibroadenoma (Ostrzega, 1993). 

In the rare collagenous spherulosis, the spherical structures (measuring 10 to 20 pm) are 
metachromatic and surrounded by small epithelial cells (Fig. 29-16). These findings may mimic 
adenoid cystic carcinoma, which is a very uncommon malignant lesion in the breast, as 
discussed below (Johnson and Kini, 1991; Tyler and Coghill, 1991; Highland etal, 1993; Sola- 
Perezetal, 1993). 

We have never seen myospherulosis or small cystic structures (measuring 5 to 7 pm in 
diameter) that contain skeletons of red blood cells. Such cells are usually a consequence of a 
surgical procedure and were observed in breast aspirates by Shabb et al (1991). 

In about 95% of the aspirates of benign proliferative lesions of the breast, it is relatively simple 
to recognize that the process is benign, based on the arrangement of epithelial cells in orderly 
flat sheets and the presence of “bipolar” myoepithelial cells. In a relatively small number of 
these cases, diagnostic problems may be encountered. Such dilemmas occur when the 
epithelial cells in smears show enlarged nuclei and visible nucleoli (see Fig. 29-20). 

Depending on the proportion of such cells, the smears are considered as “atypical” and 
sometimes as suspicious. Another source of possible error is the presence of complex 
tubular structures (Fig. 29-17) that may occur in smears derived from atypical ductal 
hyperplasia, the rare micro-glandular 
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adenosis, or tubular adenoma, and may mimic tubular carcinoma as described below 
(Silverman et al, 1989; Shet and Rege, 1998). Under these circumstances, an outright 
diagnosis of cancer should not be made, because the abnormal cells or clusters usually 
appear in the company of clearly benign cells and myoepithelial cells, whereas in 
smears of most carcinomas, the population of malignant cells is “pure.” Further, in most benign 
cases, the proportion of detached, single abnormal cells is very small, whereas they are 
common in cancer (see below). 




Figure 29-17 Atypical ductal cells in fibrous mastopathy. A complex tubular cluster of 
benign ductal cells mimicking tubular carcinoma (see also Fig. 29-33). The presence of 
such clusters requires histologic examination of the lesion, which sometimes has the 
pattern of atypical ductal hyperplasia ( B ). 
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Over the years, numerous papers have analyzed the patterns of smears in proliferative disease 
of the breast, leading to one inescapable conclusion: in a very small number of these cases, 
diagnostic errors will be made. For further discussion of errors in cytologic diagnosis, see 
below. 

Fibrous Lesions 

Fibrosis of the stroma of the breast may assume various forms (McMenamin et al, 2000). When 
the fibrosis is very extensive and composed of firm, collagenous tissue, the aspirates may be 
difficult to perform and will be very scanty (Bardales and Stanley, 1995). Because similar 
conditions may prevail in scirrous carcinoma of the breast (see below) they may be a cause for 
concern. Still, the cells in aspirates of fibromatosis such as small spindly fibroblasts or 
occasional fragments of epithelium (see Fig. 29-6) are usually clearly benign (el-Naggar et 
al, 1987; Zaharopoulos and Wang, 1992; Lopez-Ferrer et al, 1997). Two cases of extremely 
rare breast fibromatosis with spherical intracytoplasm ic inclusion bodies of unknown 
derivation or significance were described by Pettinato et al (1994). 

A source of diagnostic confusion may be nodular (pseudosarcomatous) fasciitis, a benign, 
self-limiting subcutaneous lesion that is usually caused by trauma and is uncommon in the 
breast. In such lesions, a rich population of atypical spindly cells (some with large nuclei and 
prominent nucleoli) may occur, and may be confused with a spindle cell sarcoma (Dahl and 
Akerman, 1981). An example of this type of lesion is shown in Figure 6-10. The complete 
involution of such a lesion after aspiration biopsy was described by Stanley et al (1993b). 

Another possible source of diagnostic difficulty is the very rare low-grade fibromatosis-like 
carcinoma (Sneige et al, 2001), which is likely to shed spindly cells in aspirated material. The 
spindle cell lesions of the breast are exceptional. If the diagnosis of FNAis not crystal clear, it is 
wise to withhold a final opinion and request a tissue biopsy. 

BENIGN NEOPLASMS 

Fibroadenoma 

Histology 

Fibroadenomas are encapsulated benign breast tumors that occur predominantly in young 
women. They are characterized by the proliferation of connective tissue stroma and the 
ductal epithelium. 

Clinical examination characteristically reveals a firm, freely mobile, well circumscribed 
mass that in younger patients may be confused with a cyst or a lipoma, and in the elderly 
may be confused with a carcinoma. Two histologic variants of fibroadenoma are generally 
recognized: pericanalicular fibroadenomas consist of ducts surrounded concentrically by 
connective tissue, whereas the intracanalicular type results from invagination and distortion 
of ducts by proliferation of subepithelial connective tissue (Figs. 29-1 8D and 29-1 9D). This 
classification has no prognostic value. The amounts of the fibrous and epithelial components 
vary from case to case. Hyalinization and calcification of the lesions are common, especially 
in elderly patients. Large fibroadenomas with marked proliferation of stroma are often 
classified as cystosarcoma phyllodes, or phyllodes tumors (see below). Rarely, primary 
ductal or 
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lobular carcinomas (in situ or invasive) may occur within fibroadenomas, as shown in 
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Figure 29-18 Fibroadenoma in a 32 -year-old woman. A Clusters of epithelial cells with 
protruding borders (staghorn clusters). B. Under higher magnification, the orderly 
arrangement of the epithelial cells in flat clusters is shown. There are numerous “bipolar” 
myoepithelial cells. C. Fragment of stroma containing sparse spindly cells. D. Tissue 
section of fibroadenoma of the intracanalicular type, corresponding to B and C. 



Cytology 

The aspirates of fibroadenomas are characterized by numerous large sheets of benign 
mammary epithelium, sometimes arranged in angulated (staghorn) clusters and, in 
most cases, fragments of loose connective tissue stroma, either homogeneous or 
composed of small spindly cells. The bipolar myoepithelial cells are abundant (Fig. 29- 
18). In air-dried smears processed with a hematologic stain, the sheets of epithelial cells are 
larger, more complex, and multilayered, and the cells tend to surround empty circular 
spaces, suggestive of gland formation. The stroma of the lesion appears as a 
homogeneous, magenta-staining structure. Other components of these smears are discussed 
above (Fig. 29-19). In the rarest cases, the presence of multinucleated giant cells may be 
observed (Fig. 29-20D). These findings, in combination with a well-circumscribed mass, are 
strongly suggestive of a fibroadenoma. However, in some fibroadenomas, the smears 
contain only a scanty population of epithelial cells and very few, if any, stromal fragments. Such 
smears are similar to those observed in diffuse proliferative fibrocystic breast disorders, as 
discussed above (Linsk et al, 1972). The differential diagnosis usually rests on clinical and 
mammographic findings of a localized nodule vs. diffuse thickening of the breast. 

Occasionally, clusters or scattered epithelial cells with markedly enlarged nuclei 
containing visible and enlarged nucleoli may occur in a fibroadenoma (Fig. 29-20). These 
fortunately very rare cases pose a diagnostic dilemma between a fibroadenoma with atypia 
and a mammary carcinoma, possibly occurring within the fibroadenoma. In such cases, 
a histologic study of the lesion is mandatory. 
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Galactocele and Lactating Adenoma 

Palpable, nodular lesions in the breasts of pregnant or lactating women require prompt 
attention because they may represent a galatocele, a benign adenoma, or a carcinoma. 

Galactoceles are cysts filled with droplets of collostrum or milk, and clusters of large 
epithelial cells with dropletfilled cytoplasm that mimic foam cells (Novotny et al, 1991). 

Raso et al (1997) described a case of crystallizing galactocele with milky fluid and the 
presence of crystals. 

Aspiration biopsy of the breast in lactating adenoma yields features typical of the lactating 
breast: numerous, densely packed lobular units, either in clusters or as isolated 
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spherical structures, with myoepithelial cells at the periphery. Some of the clusters break 
up in the process of smear preparation and form flat sheets of cells with cytoplasm 
studded with large vacuoles, representing collostrum, and spherical nuclei of equal 
sizes, each containing one or more prominent, large, sometimes irregular nucleoli (Fig. 

29-21). In some cases the fragile cytoplasm of the cells disintegrates, and only nuclei 
stripped of cytoplasm (naked nuclei) are observed. The cytoplasmic debris forms a hazy 
background on the smear. It is the presence of the large nucleoli that may mislead an 
uninformed observer into believing that cancer is present. This error must be avoided at all 
costs, as it may have tragic consequences. Zajicek (1974, 1977) pointed out that certain 
superficial similarities in cell distribution in smears, and the presence of large nucleoli exist 
between cells derived from acini of a lactating breast and cells of medullary carcinoma. This 
similarity is spurious because the degree of cellular and nuclear abnormality in medullary 
carcinoma (described below) is significantly greater than that observed in cells derived 
from a lactating breast. Still, this example does call attention to the dangers of cytologic 
diagnosis of mammary carcinoma during pregnancy and lactation, particularly because 
duct cancers may also occur in such women (Novotny et al, 1991). 




Figure 29-19 Fibroadenoma in a 39-year-old woman, with Diff-Quik stain. A 

Numerous clusters of epithelial cells and myoepithelial cells in the background. B. Under 
higher magnification, the complexity of the multilayered cluster is evident. The circular 
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empty spaces are not an artifact; they mimic gland formation and correspond to the ducts in 
the tumor. C. Fragments of stroma, staining magenta, surrounded by numerous epithelial 
cell nuclei. D. Tissue section of fibroadenoma of the pericanalicular type, corresponding to 
A-C. 



Nipple Papillomatosis (Florid Papilloma of the Nipple) 

Nipple papillomatosis characteristically involves the terminal lactiferous ducts. This benign 
entity forms an intricate network of proliferating ducts and tubules that may be mistaken 
for a carcinoma in a histologic section. The lesion often causes a visible deformity of the 
nipple. 

Usually the cytology of such lesions is easily classified as benign, inasmuch as the cuboidal or 
columnar epithelial cells form cohesive sheets, akin to those seen in fibroadenomas, 
which are usually accompanied by myoepithelial cells (Koss et al, 1992). Similar 
observations have also been reported by Mazzara et al (1989) and Pinto and Mandreker 
(1996). 

Granular Cell Tumor (Myoblastoma) 

The granular cell tumor (myoblastoma) is an uncommon, firm, benign tumor of the breast. It may 
reach a substantial 
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size (2 to 3 cm) and clinically mimic a carcinoma. It is important to recognize in the aspiration 
smear (and in the histologic section, for that matter) the characteristic large cells with 
abundant granular cytoplasm and fairly monotonous, generally spherical small nuclei 
without distinguishing features (Fig. 29-22). In smears, a break-up of the cytoplasm is a 
common feature that results in “naked” nuclei. The lesion should not be confused with a large- 
cell duct carcinoma or the exceedingly rare myoblastomatoid carcinoma (Cohen et al, 1997). An 
exceptional case of coexisting granular cell myoblastoma and infiltrating duct carcinoma was 
reported by Al-Ahmadi et al (2002). 
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Figure 29-20 Fibroadenoma with atypia. A A 39-year-old patient. B. A 38-year-old 
patient. Two examples of clusters of atypical epithelial cells with prominent nucleoli. C. 

Fibroadenoma in a 28-year-old patient who was 6 months pregnant. Note the slight nuclear 
enlargement. D. Multinucleated giant cell in a smear of a fibroadenoma — a rare but benign 
finding. 



Miscellaneous Benign Tumors 

The breast may be the site of a variety of benign soft-tissue tumors that may also occur in 
other organs. Some of these tumors may be recognized in aspiration smears, and others may 
be described after the lesion is identified in histologic sections. These tumors are discussed at 
length in Chapter 35. 

Myofibroblastoma 

The myofibroblastoma is an uncommon benign lesion of the breast. It was first recognized by 
Wargotz et al (1987) as a distinctive nodular tumor composed of interlacing bundles of 
fibroblasts and smooth muscle cells, thus mimicking other fibrous tumors. This tumor is more 
common in male than in female breasts. Nguyen et al (1987), Ordi et al (1992), Dei Tos et 
al (1995), and Lopez-Rios (2001) described aspiration biopsy findings in male patients. The 
presence of naked nuclei with grooves accompanying loosely structured clusters of 
benign spindly cells is found in smears of this rare lesion. It is doubtful that an accurate 
diagnosis of this tumor can be established from aspirates. 

Adenomyoepithelioma 

Adenomyoepitheliomas are extremely uncommon tumors composed of bundles of spindly cells, 
presumed to be myoepithelial cells, with an admixture of epithelial tubules and glands (Rosen, 

1 987). A malignant variant of this tumor has been described ( Loose et al, 1 992). Birdsong et al 
(1993), Nilsson et al (1994), Valente et al (1994), and Laforga (1998) each described the 
cytology and histology of one such case. Kurashina (2002) described two cases (one benign 
and one malignant). Birdsong et al (1993) observed clusters of metachromatic stromal cells 
in association with epithelial cells. The smears were similar to findings in phyllodes 
tumors (see below). Kurashina (2002) described 
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bundles of spindly cells with an admixture of epithelial cells. In the malignant case, the 
nuclei of the spindly cells showed enlarged, hyperchromatic nuclei with visible nucleoli. The 
tumor obviously mimics all other fibrous changes in the breast. Although we have had no 
personal experience with this tumor, we doubt that it can be accurately recognized in a cytologic 
sample. 
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Figure 29-21 Lactating adenoma in a pregnant patient age 30. A Overview of a large 
cluster of lobular units. B. Two densely packed lobular units with myoepithelial cells 
attached to the periphery. C. Higher magnification of two lobular units. Note the attached 
and detached comma-shaped myoepithelial cells. D. Broken-up lobular unit. Note the large 
epithelial cells with vacuolated cytoplasm and prominent nucleoli. The background of the 
smear shows fragments of vacuolated cytoplasm. 



Pleomorphic Adenomas 

Pleomorphic adenomas, which are common in salivary glands, may occasionally occur in the 
breast and may clinically mimic a carcinoma (Kanter and Sedeghi, 1993). Their histologic and 
cytologic presentation is identical to that of the salivary gland tumors, described in Chapter 32. 

Other Benign Tumors 

Hemangiomas cannot be recognized in aspiration biopsies. The smears contain blood, 
sometimes with a few spindly stromal cells. 

Lipomas yield only clusters of fat cells, either of normal configuration or somewhat enlarged. If 
significant nuclear abnormalities are present, the possibility of a liposarcoma must be 
considered. 

Neurilemomas (schwannomas) may occur in the breast. For a discussion and illustration of 
these tumors, see Dahl et al (1984) and Chapter 37. Fisher et al (1990) described a 
neurilemoma in an aspirate of the breast. 

Skin Tumors 

Virtually all diseases and tumors of the skin may affect the breast (Koss and Robbins, 1976). 
Benign tumors of the skin sweat glands, such as eccrine spiradenoma (Bosch and Boon, 
1992) and hydradenoma (Kumar and Verma, 1994) have been observed in breast aspirates 
(see Chap. 34). 



Table 29-2 summarizes the principal cytologic observations in most common benign lesions of 
the breast. 
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TUMORS THAT MAY NOT BE RECOGNIZED AS EITHER BENIGN OR 
MALIGNANT 

Phyllodes Tumor (Cystosarcoma Phyllodes) 

Histology and Clinical Data 

Phyllodes tumors represent less than 1 % of palpable tumors of the breast. The ancient name 
of these tumors is based on the gross appearance of tumor nodules shaped like leaves (from 
Greek, phyllon = leaf). Although the term sarcoma was originally attached to them, these 
tumors represent large fibroadenomas of uncertain behavior, hence the currently preferred 
term phyllodes tumor. Clinically, the tumor presents as a large, fairly we 1 1 -demarcated mass, 
sometimes with a history of rapid enlargement. Histologically, the tumors resemble a 
fibroadenoma with the salient feature of an increase of the periductal stroma. The stroma 
may be composed of benign fibroblasts, identical to those of a fibroadenoma (benign 
phyllodes tumor), or large and sometimes bizarre malignant cells with frequent mitoses 
(malignant phyllodes tumor). Some observers add an intermediate category, the borderline 
phyllodes tumor, which has increased cellularity and only slight atypia of the stroma (Bhattari 
et al, 2000). Apocrine metaplasia, keratin cysts, and bony metaplasia have been observed 
in these tumors (Stanley et al, 1989; Insabato et al, 1990; Agarval et al, 1991). Regardless of 
their designation as benign, borderline, or malignant, all phyllodes tumors receive the same 
treatment: unless the tumor shows evidence of local invasion or metastatic spread at the time 
of surgery, it is treated by wide local excision. 
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Figure 29-22 Granular cell myoblastoma. A,C. Tumor in a 32-year-old woman. A. Air- 
dried MGG-stained smear showing a population of large cells with pale granular cytoplasm 
and spherical nuclei. Cytoplasmic fragments are seen in the background. B. Alcohol-fixed, 
Pap-stained smear from a 30-year-old woman. The granularity of the cytoplasm is better 
shown. C. Tissue section corresponding to 4 showing sheets of tumor cells with granular, 
eosinophilic cytoplasm. (Case courtesy of Dr. Miguel Sanchez, Englewood Hospital, 
Englewood, NJ.) 
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TABLE 29-2 PRINCIPAL CYTOLOGIC FEATURES OF COMMON BENIGN LESIONS OF THE 

FEMALE BREAST IN FNA 
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Numerous 
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Large cells 


myoblastoma 










with granular 
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Aspiration smears are characteristically highly cellular and are dominated by sheets of 
epithelial cells (identical or similar to those seen in fibroadenomas) and fragments of spindly or 
polygonal stromal cells, some showing nuclear atypia. The degree of nuclear atypia 
present in stromal cells varies from case to case. In some tumors, the nuclei are 
monomorphic and identical to or only slightly larger than the nuclei in ordinary 
fibroadenoma. In other cases, the nuclei vary considerably in size and shape and may 
show hyperchromasia, with fairly numerous mitoses, suggesting a malignant 
neoplasm. In rare cases, bizarre cancer cells may be observed, corresponding to 
cystosarcomas with fully malignant stroma (Fig. 29-23). Agarval et al (1991) reported the 
presence of keratin debris in a case with keratin inclusion cyst. Stanley et al (1989) reported 
the presence of apocrine cells. Lee et al (1998) reported a case of a malignant phyllodes 
tumor with liposarcomatous stroma, confusing the cytologic picture still further. 

Smears from a phyllodes tumor pose two diagnostic dilemmas: 

■ Is the lesion an ordinary fibroadenoma or can it qualify as a phyllodes tumor? 

■ In cases with marked abnormalities of stromal cells, is it a phyllodes tumor or a carcinoma? 

Although it may not be possible to distinguish between fibroadenoma and phyllodes tumor by 
FNA, a cellular stroma with plump spindle cell nuclei suggests the latter. 




Figure 29-23 Phyllodes tumor with malignant stroma. A. Bizarre malignant cells 
derived from the stroma of a phyllodes tumor, shown in B. (A Giemsa stain, high 
magnification. B: H&E.) 



Deen et al (1999) were unable to differentiate benign or borderline phyllodes tumor from 
fibroadenomas, but recognized two malignant phyllodes tumors because of bizarre nuclei in 
tumor cells and the absence of myoepithelial cells. In principle, the cytologic picture of 
stromal cells is fairly characteristic and should readily permit differentiation from carcinoma, 
except in the very rare cases of metaplastic spindle cell carcinoma (Sneige et al, 2001). 
Nevertheless, the differential diagnosis between phyllodes tumor and carcinoma may cause 
significant difficulties. Thus, two experienced observers, Dusenbery and Frable (1992), 
pointed out that in aspirates with scanty stroma, the lesions may be confused with a carcinoma. 
Clearly, the cytologic diagnosis of phyllodes tumor is fraught with many pitfalls that 
can only be resolved by excision of the tumor and histologic assessment. 



Papillary Tumors (Duct Papilloma and Papillary Carcinoma) 
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Histology and Clinical Data 

Another group of breast tumors that may cause significant diagnostic problems is the papillary 
tumors. The main secretory ducts are the most common sites of these neoplasms, which are 
often associated with nipple discharge that is sometimes hemorrhagic, as described and 
illustrated below. Benign duct papillomas may be single or multiple, and can be 
visualized by ductography (Cardenosa and Eklund, 1991). Under development is fiberoptic 
ductoscopy, which allows a direct visualization of the lesion (see the end of this chapter). 
Histologically, the lesion is composed of a branching connective tissue stalk surrounded by 
folds of benign epithelium of the ductal type. Papillomas and papillary carcinoma, which may 
occur in the lining of breast cysts or in ducts, are similarly constructed and show various 
levels of epithelial cell abnormalities. A firm diagnosis of invasive papillary carcinoma can 
be rendered only on the basis of histologic material showing invasion of parenchyma of the 
breast beyond the confines of the duct of 
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origin, or the presence of carcinoma in the adjacent ducts. As is the case with phyllodes tumor, 
benign and malignant intraductal papillary tumors receive the same treatment, which consists of 
a wide excision of the lesion, followed by radiotherapy. The palpable lesions can be 
aspirated. 




Figure 29-24 Benign papilloma. A Aspirate of a palpable mass in a 45-year-old woman 
showing a cohesive cluster of ductal cells in papillary configuration. B. Overview of the 
histologic aspect of the papillary lesion. 



Cytology 

Aspiration of benign papillary duct lesions usually yields a droplet of clear fluid or blood, and 
contains epithelial fragments. The smears usually show cuboidal or columnar ductal 
epithelial cells, which mainly form large cohesive clusters (Fig. 29-24). In single cells, the 
cytoplasm may show vacuoles that may range from small to very large, occupying a large 
portion of the cytoplasm. Transitional forms between normal epithelial cells and vacuolated cells 
can be observed. Clusters of apocrine cells, some showing chromatin clumping and pyknotic 
nuclei, and sometimes myoepithelial cells, may also be observed. 

In the experience of this laboratory, malignant papillary tumors are rare. Aspiration smears 
contain cell clusters that may be very similar to those observed in benign papillomas (see Fig. 
29-34). Isolated malignant cells are infrequent. There is an occasional nuclear enlargement 
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in epithelial cells, and sometimes evidence of mitotic activity (Koss et al, 1992; Bardales 
et al, 1994). Dawson and Mulford (1994) noted that increased cellularity and the absence of 
apocrine cells in smears favors a malignant lesion. These authors also pointed out that 
infarcted papillomas may shed highly abnormal cells, and are the source of significant 
diagnostic difficulty. In a previous publication, we suggested that a reliable cytologic 
diagnosis of a papillary carcinoma cannot be made, and that all papillary lesions observed 
in cytologic material should be excised for histologic examination (Koss et al, 1992). We have 
no reason to change this opinion. There are rare exceptions to this rule, such as when the 
smear shows clear-cut evidence of carcinoma and the malignant lesion has a papillary 
configuration (see Fig. 29-34). Masood et al (2003) concluded that core needle biopsies are not 
superior to aspiration cytology in solving this dilemma. The very uncommon solid papillary 
carcinoma of the breast is discussed below with intraductal carcinomas. 

CARCINOMAS 

Classification 

For the purpose of cytologic diagnosis, a simple classification of mammary carcinomas is 
provided in Table 29-3. The histology of these tumors is discussed below for each tumor 
type. Not all of these types and subtypes of mammary cancer can be securely 
identified in aspirates. Some are easy to diagnose and others may present substantial 
difficulties. 

General Cytologic Presentation 

Aspirates obtained directly from most (but not all) mammary carcinomas yield an abundant 
pure population of cancer cells, singly and in clusters. In most cases, the smear 
background is clear, with no evidence of inflammation or necrosis. Depending on the 
tumor type, cancer cells can vary enormously in size, from very large to very small (barely 
larger than lymphocytes). Usually, cells of approximately the same type predominate in 
each individual tumor. 

In some cancers, cluster formation is dominant, whereas in others the cells are mainly 
dispersed (Fig. 29-25). These patterns may be of prognostic significance (see below). Not all 
breast cancers shed abundant cancer cells: the fibrosing (scirrhous) duct cancer may yield 
only a scanty population of cancer cells. The special presentations of some types of 
mammary carcinoma are discussed below. 

Clusters of aspirated cancer cells in breast cancer are often three-dimensional (i.e., 
composed of several superimposed layers of cells). These clusters are loosely arranged, and 
consequently the cells at the periphery of the cluster tend to become detached. This cell 
arrangement differs 
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from cell clusters in benign lesions of the breast, which are generally tight and often flat 
(compare Figs. 29-17 and 29-18 with Fig. 29-25). The presence of single, detached cancer 
cells is of great diagnostic value, and in their absence a diagnosis of breast cancer should 
be made with extreme caution. Isolated cancer cells vary in configuration and usually 
display the customary evidence of cancer, i.e., changed nucleocytoplasmic ratio and 
nuclear abnormalities such as irregular nuclear contour, hyperchromasia, and, mainly, 
large and multiple nucleoli. The tumors may be classified as to their nuclear grade, with 
grade I showing monotonous smaller nuclei, grade III showing large nuclei with prominent large 
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nucleoli, and grade II being intermediate between the two extremes. The prognostic significance 
of nuclear grading is discussed below. The absence of myoepithelial cells is an important 
diagnostic clue. If such cells are present in the smear, extreme caution is advised before 
one makes a diagnosis of cancer. 



TABLE 29-3 CLASSIFICATION OF MAMMARY CARCINOMAS 

Carcinomas of mammary ducts 

• Infiltrating duct 

• Solid and gland-forming 

• Scirrhous 

• Inflammatory 

• Medullary 

• Colloid or mucous 

• Mucocele-like lesion 

• Signet ring type 

• “Apocrine” 

• Tubular 

• Papillary 

Intraductal carcinoma (in situ carcinoma of ducts) 

• Solid type 

• Comedo type 

• Solid papillary carcinoma 

Carcinoma of mammary lobules 

• Infiltrating lobular carcinoma 

• Lobular carcinoma in situ 

Mixed types of carcinomas (ductal and lobular, ductal and colloid, etc) 
Rare types of mammary carcinomas 

• Spindle cell carcinoma 

• Adenoid cystic carcinoma 

• “Metaplastic” carcinoma 

• Carcinoma mimicking giant cell tumor of bone 

• Secretory (juvenile) carcinoma 

• Other extremely rare types 
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In about 80% of mammary carcinomas, the diagnosis can be made in a secure fashion, based 
on the general cell features outlined above. In about 20% of mammary cancers, usually of the 
well-differentiated types, the cancer cells are smaller and their nuclei are more 
homogeneous. In such cases, a confident cytologic diagnosis of cancer based on needle 
aspirates may not always be possible. It is particularly advisable to not make the cytologic 
diagnosis of mammary carcinoma in the presence of inflammation, except on 
overwhelming evidence. 

There are significant differences in the appearance of the cancer cells, depending on 
the method used to process the smears. In air-dried, methanol-fixed smears 
processed with a hematologic stain, the cells tend to be larger and the details of nuclear 
abnormalities, such as the distribution of chromatin and the presence of nucleoli, are difficult to 
assess. These smears have the advantage of almost instantaneous availability, and in 
most cases are adequate for diagnosis. In alcohol-fixed, Papanicolaou-stained smears, the 
cells are about 20% smaller but the nuclear details are much more visible. Several hours are 
required for processing of this material. In this text, many of the breast carcinomas are shown in 
both modes of processing, side by side, to allow for comparison (see Figs. 29-25, 29-26, 29-27, 

29-28, 29-29, 29-30, 29-31 and 29-32). 

Carcinomas of the Mammary Ducts 

Infiltrating Duct Carcinoma: Solid and Gland-Forming Types 
Histology 

The solid and gland-forming types of infiltrating breast carcinoma are by far the most common 
varieties of breast cancer. The tumors may occur in any quadrant of the breast. The palpable 
tumors are firm, not movable, and composed of sheets and strands of large cancer cells 
infiltrating the stroma of the breast. Gland formation by tumor cells is common. Aconnective 
tissue reaction may render the tumors particularly hard to the touch, resulting in the scirrous 
variant of duct cancer. Some tumors that are occasionally diagnosed as argyrophilic 
carcinomas may mimic carcinoids, and may react positively with silver stain (hence the 
name) or stains documenting endocrine activity. However, the behavior of these tumors is 
typical of duct cancer. The tumors may be confined to the ducts as intraductal carcinoma in 
situ (DCIS) (see below). 

Cytology 

Infiltrating duct carcinomas usually have the classic cytologic presentation, as described above 
(Fig. 29-25). Other variants are shown in Figures 29-26 and 29-27. The large cancer cells may 
be approximately spherical, but are sometimes elongated or even columnar in configuration. 

The cells may be predominantly dispersed, form large clusters, or mimic glandular 
structures. Occasionally the cells are arranged in a single file, but this arrangement is more 
often seen in lobular carcinoma (see below). The nuclei are usually (but not always) large, 
irregular, and coarsely granular, and usually contain visible nucleoli of various sizes. It may 
be noted that peripheral placement of the nuclei, mimicking large plasma cells, is 
common in cells of duct carcinoma (see Figs. 29-26 and 29-28). Mucus vacuoles are also 
commonly seen in the cytoplasm of cancer cells, and usually have a strongly positive 
reaction with mucicarmine. 
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Figure 29-25 Basic cytologic pattern of mammary duct carcinoma. Comparison of 
Papanicolaou (AC) and Diff-Quik ( B,D ) stains. AB. Dispersed pattern. C,D. Cluster 
formation. Note the large abnormal nuclei in all smears. 



Diagnostic difficulties may occur with exceptionally well differentiated tumors of low nuclear 
grade that may shed cells in sheets and show only slight nuclear enlargement. This may be 
observed in tumors mimicking carcinoids (Ni and Bibbo, 1994). In such cases, it may be 
extremely helpful to search for a few classic cancer cells and mitotic activity, and to pay close 
attention to nuclear abnormalities, such as nucleoli. 




Figure 29-26 Duct carcinomas discovered by mammography. A. Smear from a 72- 
year-old patient. The large cancer cells are either approximately spherical or columnar. B. 
Tissue section from the same patient showing ductal carcinoma in situ. Elsewhere the 
tumor was invasive. 



Scirrhous Variant of Duct Carcinoma 

Because of marked fibrosis, the aspirate may yield only a few cancer cells, usually with 
peripheral nuclei. If this cancer cell population is not contaminated by benign cells, the 
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diagnosis may be made with reasonable confidence. If, however, scanty abnormal cells are 
associated with benign epithelial cells, it is advisable to request a tissue biopsy. 
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Figure 29-27 Infiltrating duct carcinoma, high-grade tumor. Comparison of air-dried Diff- 
Quik (A) and alcohol-fixed Papanicolaou-stained ( B ) smears. Loosely structured clusters of 
large cancer cells with marked nuclear abnormalities are better seen in B. C. Core tissue 
biopsy of the breast. 




Ductal Carcinoma In Situ 
Histology 

Depending on the size and number of the ducts involved, the tumors may be palpable or 
incidentally discovered by mammography, often because of the presence of microcal- 
cifications. 

Ductal carcinoma in situ is a form of breast cancer that is confined to ducts. It exhibits several 
patterns. The most common of these are the solid and comedo patterns (the latter shows 
necrosis in the center of the duct). Less common are the micropapillary and apocrine 
patterns (Lagios, 1990). Scott et al (1997) documented that diagnostic reproducibility among 
expert pathologists is higher for the common types and less satisfactory for the rare types. 
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Figure 29-28 A Breast cancer cells with peripheral placement of nuclei, mimicking plasma 
cells. This is a common feature in breast cancer. B. Smear from a 61 -year-old patient, 
obtained under stereotaxic guidance. The very large cancer cells are mainly of columnar 
shape. Their large nuclei are located at the periphery of the cells, which gives them a 
“plasmacytoid” appearance. {B: Diff-Quik.) 



Patchefsky et al (1989) documented that the probability of invasion is related to the type of 
intraductal lesion involved, with comedo-type DCIS forming larger lesions and being the most 
likely to progress to invasive cancer. Another 
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feature studied by Patchefsky et al (1989) was nuclear grading, which is divided into three 
levels of abnormalities: low, intermediate, and high. Not surprisingly, tumors with high-grade 
nuclear abnormalities were comedo-type and solid DCIS, which are the lesions most likely to 
progress to invasive cancer. Dinkel et al (2000) attempted to correlate the type of 

microcalcification in mammograms (linear, or finely or coarsely granular) with the grade 
of DCIS. Although linear calcifications were more likely to be associated with high-grade 
lesions, the overall correlation was poor. 

A rare and peculiar form of intraductal carcinoma is the solid papillary carcinoma, first 
identified by Maluf and Koerner (1995). These tumors occur mainly in elderly women and have 
a good prognosis. The tumors are composed of sheets of small cancer cells containing islands 
of connective tissue (presumably the papillary core of the tumor). 

Some of the unusual features of these tumors are the endocrine differentiation of tumor cells 
and the presence of lakes of mucus. This intraductal tumor may be associated with invasive 
colloid carcinoma. 

Cytology 

It is a matter of considerable controversy whether ductal carcinoma in situ can be distinguished 
from invasive carcinoma in aspiration smears. In our opinion, the cytologic distinction of 
intraductal carcinoma in situ from an invasive cancer is not reliable. In its classic 
presentation, smears from high-grade ductal carcinoma in situ are composed of spherical, 
rather compact clusters of large cancer cells with few dispersed cells (Fig. 29-29). In 
the comedo type, necrotic material may be present. Lilleng and Hagmar (1992) noted that 
in aspiration smears, only the presence of fat infiltrated by cancer cells must be considered as 
definitive evidence of invasion. Thus, excision of the lesion is mandatory to confirm the 
absence of invasion. McKee et al (2001) suggested that the presence of myoepithelial 
(bipolar) cells is suggestive of noninfiltrating carcinoma; however, in our experience the 
difference between carcinoma in situ and infiltrating carcinoma can only be established by 
careful examination of tissue evidence. Pure intraductal carcinoma and intraductal 
carcinoma with invasion have the same cytologic presentation. 
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Figure 29-29 Infiltrating duct carcinoma masquerading as duct carcinoma in situ. A 

Low-power view of a smear. Only compact clusters of cancer cells are seen. B. Higher- 
magnification view of one of the clusters. The cluster is compact and shows nuclei of very 
similar sizes. C. Ductal carcinoma in situ, adjacent to invasive carcinoma shown in D. ( B : 
Diff-Quik stain.) 



In a more recent study, conducted in Norway, Bofin et al (2004) attempted to separate benign 
intraductal hyperplasia from atypical intraductal hyperplasia, DCIS, and invasive duct cancer in 
aspiration smears. Although they performed an elaborate multinomial logistic regression 
analysis of 19 criteria, the authors were only able to reliably separate benign from malignant 
lesions. They were unable to separate atypical ductal hyperplasia from DCIS or invasive 
cancer. 
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Atypical ductal hyperplasia had the same cytologic features as DCIS and invasive 
carcinoma, which strongly suggests that it is at least a precursor lesion of DCIS, and, even 
more likely, an early malignant lesion of mammary ducts of uncertain behavior. 

Some of these lesions may be incidentally observed in ductal lavage (see the closing pages of 
this chapter). The histologic analysis of such lesions may also be controversial. Bofin et al 
(2004) confirmed that cytologic differentiation of atypical ductal hyperplasia from DCIS is 
exceedingly difficult to achieve. 

A peculiar form of solid ductal carcinoma in situ is the low-grade cribriform carcinoma. 

Although these lesions are sometimes bulky, they are rarely associated with invasive 
behavior. Histologically, the lesions are of low nuclear grade and may show cytoplasmic 
evidence of endocrine activity. Lilleng et al (1992) described the aspiration cytology of three 
cases of this lesion, and pointed out the presence of large, cohesive sheets of small 
malignant cells, some with central gland-like structures with relatively few cancer cells 
occurring singly. The nuclei, although somewhat enlarged and hyperchromatic, were nearly 
identical and therefore of a very low grade. A similar case was described by Ayata and Wang 
(1999). 

Experience with the cytologic presentation of the rare types of DCIS, such as the 
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micropapillary type, is very limited (Khurana et al, 1997). 

The cytologic presentation of a few cases of solid papillary carcinoma was described by 
Boran et al (1998), Tse and Ma (2000), and Yin and Schinella (2002). The common finding was 

dispersion of numerous but relatively small tumor cells with somewhat enlarged but 
otherwise unremarkable nuclei. Plasmacytoid tumor cells with peripheral nuclei were 
noted. 

Obviously, it is difficult to recognize and cytologically classify the rare types of intraductal 
carcinomas at least in part because of the very limited experience with these lesions. 

Inflammatory Carcinoma 

In this important and aggressive form of mammary carcinoma, duct cancer cells infiltrate the 
lymphatics of the skin, rendering the breast swollen, red, and hot to the touch, thus 
mimicking an inflammatory process. Aspiration biopsy is the ideal means of diagnosing this 
disease. Sanchez and Stahl (1996) recommend the use of a small-caliber needle introduced 
into the breast parallel to skin surface. In the aspirate, abundant cancer cells of various 
sizes can be readily recognized. Similar observations were reported by Akhtar (1996). A tumor 
with a previously hopeless prognosis can now be aggressively treated with chemotherapy, with 
much better survival. 

Medullary Carcinoma 
Histology 

These fleshy tumors are often circumscribed, may mimic grossly a fibroadenoma, and are 
usually of a softer consistency than classic duct carcinomas. The tumors are composed of 
large sheets of very large cancer cells with conspicucous nuclear abnormalities. A 
lymphoid component at the periphery, and within the tumor itself, is often present (medullary 
carcinoma with lymphoid stroma). The tumors appear to have a better prognosis than the 
conventional duct cancers. 

Cytology 

The aspirates of the tumor are rich in large, undifferentiated cancer cells, with irregular 
coarsely granular nuclei and often very large nucleoli, arranged singly and in loose 
clusters (Fig. 29-30). Abnormal mitotic figures are sometimes conspicuous. The presence of 
lymphocytes is mandatory for recognition of tumor type. As discussed in reference to breast 
changes in pregnancy, Zajicek pointed out that certain similarities may sometimes exist 
between the smear pattern of cancer cells derived from this tumor type and cells derived 
from lactating breast. The degree of cellular and nuclear abnormality in medullary carcinoma 
is significantly greater than that observed in cells derived from a lactating breast. Still, this 
observation calls attention to the dangers of cytologically diagnosing mammary 
carcinoma during pregnancy and lactation. 

Colloid (Mucinous) Carcinoma 
Histology 

Colloid tumors, which usually occur in elderly women and often achieve a large size, are 
characterized by abundant lakes of mucus surrounding clusters of cancer cells. In some 
tumors, the search for cancer cells may be difficult because of the dominance of mucus. The 
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prognosis for this type of breast cancer is significantly better than that for ordinary duct 
carcinoma. Avery rare variant of this tumor, true signet-ring carcinoma of the breast (which 
is similar to intestinal tumors), has a poor prognosis (Sanchez and Stahl, 1996). 

Cytology 

The characteristic features of this tumor are abundant mucus forming the background of the 
smear, and dispersed clusters of cancer cells. The clusters, which are usually composed of 
several dozens of cells, are cohesive and show only slight nuclear abnormalities, such as 
nuclear enlargement and small nucleoli. Small clusters and single isolated cancer cells may 
be observed in some tumors. The diagnosis is based on the presence of mucus bathing the 
clusters and is easier to obtain in air-dried smears stained with hematologic stains, 
wherein the mucus stains pink, red, or purple. In fixed Papanicolaou-stained smears, the 
mucus appears as a gray -staining amorphous substance in the background of the smear, 
and a positive mucicarmine stain may be needed to confirm the diagnosis (Fig. 29-31). 

Unless close attention is paid to the presence of mucus, this type of mammary carcinoma may 
be difficult to diagnose because of the relatively trivial nuclear abnormalities in the cohesive 
clusters of cancer cells. The diagnosis requires a close correlation with clinical findings. 

A rare true signet-ring carcinoma of the breast with poor prognosis shows large cancer 
cells with vacuolated 
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cytoplasm (Fig. 29-32AB). These cells must be differentiated from similar but much smaller 
cancer cells that occur in lobular carcinoma, as described below (Kamiya et al, 1998). 




Figure 29-30 Medullary carcinoma. A,B. Clusters of large cancer cells with scattered 
small, mature lymphocytes in the background. The pictures illustrate the differences in 
morphologic presentation between an air-dried Diff-Quik-stained smear {A) and fixed Pap- 
stained material ( B ). C. Highpower view of a smear from a similar case, showing a tripolar 
mitosis. D. Histologic aspects of the lesion showing solid clusters of cancer cells and a 
lymphocytic component. 
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Mucocele-Like Lesion 

An important, although infrequent, point of differential diagnosis of colloid carcinoma is 
mucocele-like lesions, which were first described by Rosen (1986) as a mucusfilled benign 
cyst resembling the mucoceles of other organs. Subsequently, Hamele-Bena and Rosen (1996) 
reported that a malignant variant of this lesion may occur, sometimes in the form of a ductal 
carcinoma and sometimes as a cancer occurring within the cyst. 

Cytology 

There are several reports in the literature describing the relatively minor differences in 
cytology between the benign and malignant variants of the mucocele-like lesion and 
colloid carcinoma (Fanning etal, 1990; Bhargava, 1991; Sneige, 1993; Wong and Wan, 

2000). Both types of lesions are characterized by the presence of abundant mucus. The 
colloid carcinoma usually has a much larger cell population than the mucocele-like lesion, 
whether benign or malignant. In two cases of the malignant mucocele-like lesion, Wong and 
Wan (2000) observed cell clusters with minimally enlarged nuclei but no clear evidence of 
malignant transformation. It is evident that all breast lesions containing abundant mucus 
should be excised for histologic examination because aspiration cytology of these 
lesions may be highly misleading. 

“Apocrine” Carcinoma 

There is considerable doubt as to whether duct cancers of this type deserve a separate 
classification. Still, in practice, one is confronted every once in a while with a mammary 
carcinoma composed of large cancer cells with eosinophilic, granular cytoplasm, 
resembling benign apocrine cells (Fig. 29-32C.D). It is sometimes difficult to differentiate benign 
from malignant apocrine cells, inasmuch as the benign apocrine cells may display large, usually 
dark nuclei and nucleoli of substantial sizes, whereas in apocrine carcinoma the nuclei are 
large and contain sizable, often multiple nucleoli. There is also a significant variability in 
the sizes of the cancer cells and their nuclei and nucleoli. The smears from carcinomas 
usually show at least some cancer cells of the classic type (Koss et al, 1992). Further, the 
clinical presentation of apocrine carcinoma is that of breast cancer, whereas benign apocrine 
cells usually occur in clinically benign lesions and in younger women. Still, in 
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the case of doubt, a tissue biopsy should be requested for confirmation of the diagnosis. An 
unusual and very rare variant of apocrine carcinoma is the myoblastomatoid carcinoma. The 
cytology of this rare tumor was described by Cohen et al (1997) as showing cohesive clusters 
of atypical cells with granular and finely vacuolated (“foamy”) cytoplasm. 
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Figure 29-31 Colloid (mucinous) carcinoma. A. Typical cohesive cluster of cancer cells 
with only slight nuclear abnormalities. B,C. Mucicarmine stain to document the presence of 
mucus bathing the clusters. D. Tissue section showing the histologic bases of the cytologic 
findings. 



Tubular Carcinoma 
Histology 

These relatively uncommon tumors are composed of well differentiated, sinuous, open 
tubules infiltrating the stroma and fat of the breast (Fig. 29-33D). With an experienced eye, 
the diagnosis can be made under low microscope power because the pattern of growth of this 
lesion is so characteristic, whereas the abnormalities of cancer cells are usually trivial. Small 
tubular carcinomas are detected by mammography with surprisingly high frequency. 

Cytology 

The cytologic diagnosis of tubular carcinoma is one of the most difficult tasks in aspiration of 
the breast. The tumor cells form cohesive, three-dimensional, complex, often branching 
and angulated tubular clusters of epithelial cells, resembling somewhat the structures 
sometimes seen in fibroadenoma (see Fig. 29-1 9B). The diagnosis of carcinoma can be 
established if the tubular structures are surrounded by fat in the background of the smears, 
corresponding to the tumor tubules infiltrating fat in histologic sections. The nuclear 
abnormalities in tubular carcinoma are relatively trivial: the spherical nuclei are enlarged 
but not hyperchromatic, and contain visible, small nucleoli. This classic and diagnostic 
presentation of tubular carcinoma is unfortunately not always seen. In other cases, the tubular 
structures may be less complex and may mimic to perfection a fibroadenoma (Fig. 29-33A,B). 
In one such case, the presence of myoepithelial cells made it impossible to diagnosis 
carcinoma (Fig. 29-33C) (Koss et al, 1992). In a study involving 34 such cases, Bondeson and 
Lindholm (1990) experienced diagnostic difficulties in about 50% of the cases. Dawson et al 
(1994) described their experience with 24 such lesions, mostly detected by mammography, and 
failed to recognize it in all but one suspicious case. These diagnostic difficulties were also 
emphasized by Fischler et al (1994). Clearly, the clinical and mammographic presentation of the 
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lesion is very important in debatable cases, and all suspicious lesions should be excised. 

De la Torre et al (1994) compared the cytologic presentation of 33 tubular carcinomas with that 
of 12 radial scars, lesions thought to be precursors of breast cancer. The mammographic 
presentation of tubular carcinomas and radial 
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scars may be similar as a central point of convergence of linear thickenings (scars). The 
aspirates of radial scars also contained angular tubular structures, invariably accompanied 
by myoepithelial cells. Thus, there are great radiologic and cytologic similarities between the 
two lesions that require histologic clarification. It is also of note that only 19 of 33 tubular 
carcinomas in De la Torre et al's (1994) important study were unequivocally recognized as 
malignant, which usually was the case when the tubular carcinomas were accompanied by 
duct cancers (12 of 33 cases). In 10 cases, a diagnosis of “atypical” (four cases) or 
“suspicious” (six cases) was established. In four cases of tubular carcinoma, the lesion was not 
recognized at all because of the presence of myoepithelial cells, as discussed above. 




Figure 29-32 A,B. Duct carcinoma with large cells with a signet-ring configuration caused 
by a large cytoplasmic mucus vacuole pushing the nucleus to the periphery. Compare with 
much smaller cancer cells of similar configuration observed mainly in lobular carcinoma 
(see Figs. 29-36 and 29-37). C,D. Apocrine carcinoma of breast. C. Smear of an apocrine 
carcinoma stained with H&E. Note eosinophilic cytoplasm. The variability in the size of the 
cancer cells and their nuclei is well shown. D. Duct carcinoma in situ with apocrine cells, 
corresponding to C. (. A,B : Diff-Quik and Papanicolaou stains.) ( C,D : Courtesy of Prof. S. 
Woyke, Szczecin, Poland.) 



Papillary Carcinoma 

The difficulties in the differential diagnosis between intraductal papilloma and intraductal 
papillary carcinoma are discussed above. In aspiration smears, the abnormalities are very 
difficult to recognize because the cells show virtually no nuclear abnormalities (Fig. 29-34). For 
comments on “solid papillary carcinoma,” see above. Another variant, termed invasive 



1932/3276 




Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 29 - The Breast 

micropapillary carcinoma, was described by Khurana et al (1997). It is doubtful that these 
variants could be recognized on aspiration smears. 

Carcinomas of the Breast Lobules 
Infiltrating Lobular Carcinomas 

As Li et al (2003a) reported, the incidence rates of these tumors are increasing, while the 
incidence of ductal cancers remained unchanged from 1987 to 1999. 

Histology 

Infiltrating lobular carcinomas are characterized by strings of small cancer cells arranged in 
single files that are separated from each other by bands of connective tissue (Fig. 29-35). 

Clusters of small cancer cells are usually scattered throughout the tumor, sometimes forming 
glands. In some cases, foci of lobular carcinoma in situ may be observed. On close 
inspection, the small cancer cells often display peripheral nuclei and small, mucin-containing 
cytoplasmic vacuoles, which are better seen in aspirated material. A mucicarmine stain or 
periodic acid Schiff (PAS) stain, which reveals the cytoplasmic vacuoles, is often helpful for 
accurately classifying the tumor. The edges of lobular 
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carcinoma virtually always infiltrate the stroma of the breast. Occasionally, cancerous ducts, 
which are similar to those observed in ductal carcinoma, are present. The prognosis for 
infiltrating lobular carcinoma is similar to that for infiltrating duct carcinoma. 




Figure 29-33 Tubular carcinoma. A Complex cluster of small cells mimicking epithelial 
cells in a fibroadenoma (see also Figs. 29-17 and 29-18). B. Another example of tubular 
carcinoma. Gland-like spaces are surrounded by small cancer cells (see also Figure 29- 
19B). C. The same case as in B. Bipolar myoepithelial cells were present in the 
background of the smear, rendering the diagnosis of cancer vs. fibroadenoma virtually 
impossible. D. Tissue section corresponding to A Note the infiltration of fat by tubular 
tumor structures. 
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Figure 29-34 Papillary carcinoma. A. Aspiration smear showing a cluster of cells with 
enlarged but clear nuclei of equal sizes and tiny nucleoli, forming a gland-like structure. B. 
Corresponding tissue section showing invasive papillary carcinoma. 



Cytology 

Some of these tumors are difficult to aspirate because there is considerable fibrosis, which 
results in diagnostic problems caused by scanty evidence of cancer. In most cases, a 
population of small, fairly monotonous cancer cells is 
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observed, with at least some cells showing cytoplasmic vacuoles on close inspection (Fig. 

29-36). The cells are either dispersed or form clusters and single files. The nuclei, often 
granular and of similar sizes, are usually smaller than those of duct cancer. The coarse 
granularity of chromatin, which is often observed in duct carcinoma, is rarely observed. 




Figure 29-35 Lobular carcinoma. Low- and high-power views of tissue sections of an 
infiltrating lobular carcinoma. A Concentric circles of small cancer cells in single file. B. 
The small size of the cancer cells is evident. 



In fixed material, a characteristic feature of lobular carcinomas (primary or metastatic) is the 
presence of cytoplasmic vacuoles with a central condensation of mucus in small cancer 
cells (Fig. 29-37 A, B). This is best demonstrated with mucicarmine stain. In air-dried May- 
Gruwald-Giemsa (MGG)-stained smears, the mucus stains a violet-reddish color. The terms 
magenta cells and target cells have been used to describe this phenomenon (Fig. 29-37C). 
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This feature is less visible in Diff-Quik-stained smears. Occasionally, such mucus inclusions 
may also be observed in ductal carcinomas, although the cancer cells are usually much larger. 

It has been claimed by de las Morenas et al (1995) that the only objective differences 
between ductal and lobular carcinomas are the size of the nuclei (smaller in lobular 
carcinoma) and the granularity of chromatin (more frequent in duct cancer). These authors 
failed to study the cytoplasmic features that often clearly distinguish the two types of mammary 
cancers. To be sure, coexisting ductal and lobular carcinomas are fairly common. In such 
cases, both tumor types should be reported. 




Figure 29-36 Lobular carcinoma. A Cluster of small cancer cells. B. The cells form a 
single file or are dispersed. An intracytoplasmic mucus inclusion is shown in one cell 
(arrow). (Mucicarmine stain.) 



In tissue sections, one may document the differences between ductal and lobular carcinoma by 
immunostaining for cytokeratin 8 and the adhesion molecule E-cadherin. The latter is 
expressed by ductal, but not lobular, carcinomas (Lehr et al, 2000), an observation that has also 
been extended to lobular carcinoma in situ (Goldstein et al, 2001). There are as yet no 
comparative studies in aspirated cell samples. 

Variants of Lobular Carcinoma 

Vdovenko et al (2001) described a case of lobular carcinoma with prominent, coarse 
cytoplasmic granules representing phagosomes on electron microscopy. Dabbs et al (1994) 
and Auger and Huttner (1997) described a pleomorphic variant of infiltrating lobular 
carcinoma as showing greater cellularity and more pleomorphic nuclei. Aso-called 
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solid variant of this tumor, characterized by dissociated cancer cells, has also been described 
(Antoniades and Spector, 1989; Fleming and Tang, 1994). The very rare tubulolobular 
carcinoma, which combines features of both lobular and tubular carcinomas, was described by 
Boppana et al (1996). 
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Figure 29-37 Lobular carcinoma. The cytoplasmic mucus inclusions with a central dot 
(target cells) are well shown with mucicarmine stain (A), high magnification ( B ), and May- 
Grunwald-Giemsa (MGG) stain (C). The term magenta cells is sometimes used to 
describe the MGG-stained cells. ( C : Courtesy of Dr. B.-M. Ljung, San Francisco, CA) 



Lobular Carcinoma In Situ 
Clinical Presentation and Histology 

The lesion known as lobular carcinoma in situ was so named many years ago by my former 
chiefs, Foote and Stewart (1941, 1946) of Memorial-Sloan Kettering Cancer Center, who 
described it as a precursor lesion of mammary carcinoma. The microscopic lesions were 
incidentally observed in breast biopsies, and the examined women were not treated. During a 
follow-up study of over 20 years, it was documented that women with this lesion in the breast 
were at a high risk for breast cancer that could develop in the same or the contralateral 
breast (Fig. 29-38). Subsequent studies have confirmed that lobular carcinoma in situ is often 
bilateral and is a risk factor for invasive cancer (Rosen et al, 1978). However, the chances of 
cancer were considered remote, and some observers rechristened the lesion as atypical 
lobular hyperplasia. However, recent comparative genomic hybridization studies have 
documented strong genetic similarities (e.g., loss of chromosome 16q) between infiltrating 
and in situ lobular carcinomas (Etzell et al, 2001). Thus, the malignant nature of this lesion 
is no longer in doubt. At the time of this writing (2004), most of these lesions are discovered 
by microcalcifications observed in mammography. The choice for the patient is whether to have 
the lesion removed or to receive tamoxifen therapy in the hope that the lesion will not progress. 

The lesion consists of enlarged lobules filled with cells that are larger than normal, with 
enlarged nuclei and sometimes vacuolated cytoplasm (Fig. 29-38). Small deposits of 
calcified material are often observed within the lobules, accounting for some of the 
microcalcifications observed in mammograms. 

Cytology 

The diagnosis of lobular carcinoma in situ is very rarely made on aspirates. The finding 
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of these small lesions is usually incidental. We have observed a few such cases, one of which 
originated in a fibroadenoma. The cell population has the same features as those of 
infiltrating lobular carcinoma. In the case that originated in a fibroadenoma, we also 
observed myoepithelial cells adjacent to cancer cells (Fig. 29-39). In other cases, lobular 
carcinoma in situ was an incidental finding adjacent to infiltrating lobular carcinoma or duct 
carcinoma in situ. 

Table 29-4 summarizes the cytologic features of most common types of mammary carcinoma. 

Rare Types of Mammary Carcinoma 
Lipid-Secreting Carcinoma 

Lipid-secreting carcinoma is a rare variant of duct carcinoma, first described by Aboumrad et al 
(1963), that can be recognized in smears. In histologic sections, the cancer cells secrete lipid in 
the form of cytoplasmic vacuoles of various sizes that give a positive reaction with fat stains. 

The cytology of a few such cases has been described (Aida et al, 1993; Insabato et al, 1993). 

Cancer cells with single or multiple cytoplasmic vacuoles of various sizes have been 
observed in aspiration smears. The true nature of the vacuoles must be demonstrated with a 
positive fat stain. 
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Figure 29-38 Lobular carcinoma in situ. Progression to invasive cancer. A Biopsy of the 
original lesion seen in 1943 and not treated. B. Biopsy of the same breast 21 years later. 
Lobular carcinoma in situ is accompanied by extensive invasive lobular carcinoma. 
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Figure 29-39 Lobular carcinoma in situ originating in a fibroadenoma in a 36-year-old 
woman. A,B. Somewhat overstained aspiration smears. The arrangement of cancer cells in 
small clusters and single file is seen in A B. Loosely structured cluster of small cancer 
cells. C. Histologic appearance of a fibroadenoma with lobular carcinoma in situ. (Case 
courtesy of Dr. Jennifer Alexander, Kingston, Jamaica.) 
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TABLE 29-4 PRINCIPAL CYTOLOGIC FEATURES OF COMMON TYPES OF 
CARCINOMAS OF THE FEMALE BREAST IN FNA 

Size and configuration of 

malignant cells Special features 



Duct 

carcinoma 


Large cells in clusters or 
dispersed 


Nuclear grades vary 


Lobular 

carcinoma 


Smaller cells often in single file 


Cytoplasmic mucous inclusions 
(“target cells,” “magenta cells”)'* 


Medullary 

carcinoma 


Large dispersed 


Lymphocytic background 


Colloid 

carcinoma 


Large, tightly packed in clusters 


Abundant mucus in background 


Tubular 

carcinoma 


Convoluted, complex tubular 
structures composed of small 


If myoepithelial cells are present, 
the diagnosis cannot be made 
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cells 



★ May occasionally occur in ductal carcinoma 



Mammary Carcinoma With Osteoclast-Like Giant Cells 

Mammary carcinomas contain large giant-cells with small nuclei that mimic to perfection 
normal osteoclasts. These cells may be observed in aspiration smears, and were recently 
observed in a very well differentiated cancer (Fig. 29-40). We have observed such cells in a 
poorly differentiated metaplastic carcinoma (Koss et al, 1992). Gupta et al (1991, 1992b, 
1996a) described tumors with epithelial giant cells (one of which occurred in a pregnant 
patient) that probably represented the same or a similar entity. 




Figure 29-40 Mammary carcinoma with osteoclast-like giant cells in an 89-year-old 
patient. A Aspiration smear. Large, pale, multinucleated giant cells with small, even nuclei 
mimicking osteoclasts are adjacent to cohesive clusters of well differentiated cancer cells. 
B. Tissue section of the same case. Well differentiated adenocarcinoma with giant cells 
apparently formed in the fibrous stroma of the tumor. 



Adenoid Cystic Carcinoma 

Adenoid cystic carcinoma, which is rare in the breast, shares certain morphologic and 
ultrastructural features with identical tumors that are common in the salivary glands (Koss et al, 

1970). The cytology of the tumor is described at length in Chapter 32. The cytology of cases 
occurring in the breast was described by Zaloudek et al (1984), Galed-Placed and Garcia-Ureta 
(1992), and Stanley et al (1993c). 

Secretory Carcinoma (Juvenile Carcinoma) 

Secretory carcinoma (juvenile carcinoma) is an uncommon tumor that was first observed as a 
palpable breast mass in children, and was described as being similar to mammary 
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cancer occurring in female dogs (McDivitt and Stewart, 1966). The malignant nature of the 
tumor was limited to an occasional metastasis to the axillary lymph node, but the prognosis was 
excellent. It has been subsequently shown that the tumor may also be observed in young 
adults, with a similarly good prognosis (Tavassoli and Norris, 1980). 
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The histologic structure of this tumor is peculiar, inasmuch as it consists of cystic papillary 
and tubular structures composed of large, vacuolated epithelial cells lodged within a 
loosely structured stroma. Secretory eosinophilic material, which stains positive with the PAS 
reagent, is also found in the stroma of the tumor. 

Cytology 

There have been several reports regarding the cytologic presentation of secretory carcinoma in 
aspirates from the breasts of children and young adults (Akhtar et al, 1983; d'Amore et al, 

1986). Secretory carcinoma is characterized by the presence of large vacuolated cells with 
large nuclei and occasional nucleoli, and deposits of secretory material in the 
background of the smear. Vesoulis and Kashkari (1998) compared the cytologic findings with 
those in a lactating breast. The similarities may indeed be troubling if the tumor is observed in 
women of childbearing age, rather than in a child. However, the clinical and gross appearance 
of the tumor does not correspond to that of a lactating breast. 

Squamous Carcinoma 

Primary squamous carcinoma of the breast is extremely rare. These tumors may form a cystic 
cavity, as do squamous carcinomas in other organs, which may cause a serious diagnostic 
mishap on aspiration biopsy. In cavitating tumors, the aspirated fluid is either acellular or 
may contain squamous debris that cannot possibly be recognized as cancer and is 
diagnosed as fluid from a cyst. When the lesion occurs in a young patient, as in a case seen 
by us, the delay in diagnosis may be fatal. The differential diagnosis also includes subareolar 
abcesses, as described above (see Fig. 29-8). However, whereas subareolar abcesses are 
always painful, squamous cancer presents as an indolent lump. In solid carcinomas of this type, 
squamous cancer cells are observed in aspirates. For a description of these cells, see 
Chapters 11, 20, and 21. 

Mucoepidermoid Carcinoma 

Mucoepidermoid carcinomas are common in the salivary glands, but they may also occur in the 
breast. Sporadic cases of low- and high-grade tumors have been described (Pettinato et al, 

1989; Krigman et al, 1996). The cytology of the breast aspirates is similar to that of tumors of 
the salivary glands (see Chap. 32). 

Small-Cell Carcinoma 

Small-cell carcinomas are exceedingly rare malignant tumors of the female and male breast. 

They resemble oat cell carcinomas of the lung, and are often associated with either ductal or 
lobular carcinomas (for a summary see Shin et al, 2000). In two such cases, Hoang et al (2001) 
observed molecular features shared by duct cell carcinoma of the breast and oat cell 
carcinoma of the lung. Sebenik et al (1998) described the cytologic findings in a breast aspirate 
from an elderly woman as being very similar to pulmonary oat cell carcinoma (see Chap. 20). 

Molding of small cancer cells was noted, as was the presence of cytoplasmic fragments 
that were similar to lymphoglandular bodies, which are commonly observed in malignant 
lymphoma (see Chap. 31). 

We observed a case of occult small-cell carcinoma of the breast with liver metastases. The 
cytology mimicked to perfection other small-cell tumors, and origin in the lung was first 
suggested. However, there was no evidence of lung cancer, and a further search disclosed a 
breast lesion 2 cm in diameter (Fig. 29-41 ). In Chapter 26 we describe a case of metastatic 
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basaloid mammary carcinoma, also composed of small cells (see Fig. 26-30). 

Spindle Cell Carcinoma 

It may be argued whether this uncommon entity is a variant of duct carcinoma, a metaplastic 
carcinoma, or a fibrosarcoma masquerading as a carcinoma. An example of this rare tumor is 
shown in Figure 29-42. The tumor is composed of sheets of spindly cells. This make-up is 
reflected in smears. A positive immunostain for keratin is helpful in classifying the tumor as a 
carcinoma. 

Metaplastic Carcinoma 

These highly aggressive malignant tumors combine the features of a carcinoma with those 
of a well differentiated sarcoma, such as lipo-, osteo-, and chondrosarcoma or well 
differentiated fibrosarcoma (Sneige et al, 2001). The cytologic features of such rare tumors 
have been described elsewhere (Koss et al, 1992) and are being sporadically reported by 
others. The principal point in the diagnosis of such tumors is the recognition of two or more 
populations of malignant cells. This can be performed only on excellent samples that are 
representative of the tumor. Johnson and Kini (1996) reported 10 such cases. There was a 
preoperative accurate diagnosis in five of the cases, and in two of them the clinical presentation 
was that of an inflammatory carcinoma. Similar observations were reported by Nogueira et al 
(1998), who diagnosed a mammary carcinoma in six of nine cases, and suggested that 
malignant cystosarcoma phyllodes were present in two patients. 

Cystic Hypersecretory Ductal Carcinoma 

Cystic hypersecretory ductal carcinoma is a very rare tumor of the breast that was first 
described by Rosen and Scott (1984). The lesion, which may achieve a very large size, mimics 
benign cysts. Histologically, it consists of large cystic spaces filled with a colloid-like 
substance. Although the cysts are predominantly lined by flattened cells of uncertain nature, 
parts of the lining and the adjacent cyst wall contain duct carcinoma (in situ or invasive) with a 
papillary or cribriform pattern. 

The cytology of these lesions has been discussed in a few case reports (Colandrea et al, 

1988; Lee et al, 1999; Kim et al, 1999). Schmitt and Tani (2000) reported a case with a false- 
negative diagnosis, and summarized the published experience. The diagnosis is size- 
dependent. The only case in which the tumor was recognized as malignant on initial aspiration 
was reported by Lee et al (1999), in a study involving a patient with a small lesion (2 cm in 
diameter). In all other cases with large lesions (some up to 8 cm in diameter), the primary 
diagnosis was that of cyst content. Schmitt and Tani (2000) stressed that the finding of large 
deposits of colloid-like substance in aspirated material should alert the observer that the 
relatively sparse and inocucous-appearing cluster of epithelial cells may represent a well 
differentiated duct carcinoma. This tumor must also be differentiated from the much more 
common colloid carcinoma and the equally rare mucocele-like lesion, wherein the 
background of the smears contains mucus (see above). 
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Figure 29-41 Occult small-cell carcinoma of the breast, presenting as a liver 
metastasis. A An ultrasound of the liver showing a large, single tumor. B. Aspirate of a liver 
lesion showing small cancer cells, some forming single files. C. Mammogram showing a 
small tumor density in the right breast (arrow). D. Tissue section of invasive small-cell 
carcinoma of breast with a basaloid pattern. 




Figure 29-42 Spindle cell carcinoma. A. The smear from the aspiration of this tumor is 
composed of elongated cancer cells with hyperchromatic, large nuclei. B. The histologic 
pattern mimics a fibrosarcoma. 
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Malignant Intraductal Myoepithelioma 

Malignant intraductal myoepithelioma was first described by Erlandson and Rosen (1982). This 
tumor mimics an intraductal and invasive duct carcinoma, but is composed of small 
spindly cells that under electron microscopy and cytochemistry share the characteristics of 
epithelial and smooth muscle cells. Tamai et al (1994) described and illustrated the cytologic 
and histologic findings in a case of this very rare disorder in an elderly woman. Small spindly 
cells with somewhat enlarged nuclei forming loosely structured bundles were observed in 
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smears. The identity of the cells was established by a positive cytoplasmic reaction with alpha 
smooth muscle actin. 

Other Extremely Rare Carcinomas 

A case of lymphoepithelioma-like carcinoma of the breast was described by Naidoo and 
Chetty (2001). For a description of the cytologic presentation of these tumors, see Chapter 21. 

The cytologic presentation of very rare variants of duct carcinoma, such as glycogen-rich 
(clear cell) carcinoma (Kern andAndera, 1997), sarcomatoid carcinoma (Straathof et al, 

1997), and fibromatosis-like carcinoma (Sneige et al, 2001), has been reported. It is doubtful 
that the specific type of these exceptional cancers can be established on aspirates. 

Table 29-5 summarizes some of the uncommon malignant lesions of the breast. 



TABLE 29-5 RARE MALIGNANT NEOPLASMS OF FEMALE BREAST 



Selected References 



Low grade (fibromatosis-like) 
carcinoma 

Low grade adenosquamous 
carcinoma 

Myoblastomatoid carcinoma 
Lymphoepithelioma-like carcinoma 
Metaplastic carcinoma 

Micropapillary carcinoma 

Clear cell carcinoma 

Cystic hypersecretory carcinoma 

Mucoepidermoid carcinoma 

Malignant intraductal 
myoepithelioma 

Lipid-secreting carcinoma 

Adenoid cystic carcinoma 



Sneige et al, 2001 

Krigman et al, 1991 

Cohen et al, 1997 

Naidoo and Chetty, 2000 

Koss et al, 1992; Johnson & Kini, 1996; 
Nogueira, 1998 

Khurana, 1997 

Kern andAndera, 1997; Ada, 1993 
Kim et al, 1997 
Pettinato et al, 1989 
Tamai et al, 1994 

Ada et al, 1993; Insabato, 1993 
Galed-Placed, etal, 1992 
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Myoepithelial carcinoma 



Tamai et al, 1994 



Small cell (oat cell) 



Sebenik et al, 1998 



Granulocytic sarcoma 



Barker, 1998 



T-cell lymphoma 



Pettinato et al, 1991 



Carcinoma of the Breast in Pregnancy 

Carcinoma of the breast during pregnancy is an uncommon event that may cause substantial 
diagnostic difficulties in FNA Gupta et al (1992c) described four such cases, one of which was 
a carcinoma with pleomorphic giant cells. The reason for the diagnostic difficulty is that the 
cytologic pattern of the normal lactating breast may mimic carcinoma because of the 
presence of large nucleoli in acinar cells (see above). Therefore, other criteria must be 
applied, such as variability in cell and nuclear sizes, and hyperchromatic irregular nuclei. 
An example is shown in Figure 29-43. 

In general, one should exercise extreme caution in establishing a cytologic diagnosis of 
carcinoma in a pregnant woman. 

Breast Cancer in Unusual Circumstances 

Breast cancer cells were observed by us in the contents of a Swan-Ganz catheter in a 38- 
year-old woman with disseminated mammary carcinoma. In another patient, aspiration of a 
paravertebral mass led to a diagnosis of mammary carcinoma. Azuma et al (1997) reported a 
case of mammary carcinoma occurring in aberrant breast tissue in the axilla. 

SARCOMAS 

Except for malignant cystosarcoma phyllodes (discussed above), primary sarcomas of the 
breast are extremely rare. Sporadic cases of primary fibrosarcoma, liposarcoma, 



stromal sarcoma, angiosarcoma, malignant lymphoma, and granulocytic sarcoma have 
been described. Most sarcomas occur in elderly women. A detailed analysis of their histologic 
presentation is beyond the scope of this book. 




Figure 29-43 Mammary duct carcinoma in a pregnant woman, age 38. Two aspects of 
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the aspiration smear showing a high-grade carcinoma with nuclear changes much greater 
than those observed in pregnancy (see Fig. 29-21). 



From the cytologic point of view, these cases have in common an unusual population of 
malignant cells. Elongated, spindly malignant cells occur in stromal sarcomas, 
fibrosarcomas, angiosarcomas, and the exceedingly rare leiomyosarcomas, but may 

also be seen in spindle cell carcinoma (see above). It is of note that sometimes even low-grade 
stromal sarcomas with relatively benign-looking spindly component cells may metastasize to 
distal organs (Fig. 29-44). Gorczyca et al (1992) reported two cases of fibrosarcoma. Foust 
and Berry (1994) described a case of liposarcoma, characterized by fat cells of variable sizes 
with abnormal nuclei. Liposarcoma as a component of malignant cystosarcoma phyllodes was 
described by Lee et al (1998). Layfield (1997) reported a case of postradiation angiosarcoma 
(Stewart-Treves syndrome) involving the breast. 
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Figure 29-44 Stromal sarcoma of breast metastatic to lung. A. Aspiration smear of the 
metastatic lung lesion showing dispersed spindly cells with comma-shaped but not 
significantly abnormal nuclei and mucoid stroma. B. Histologic appearance of the primary 
lesion composed of bundles of spindly cells with abundant matrix. 



Malignant Lymphomas 

There have been several reports of malignant lymphomas, some primary and some metastatic 
to the breast. Pettinato et al (1991) and Gorczyca et al (1992) each described a case of a 
primary high-grade lymphoma. Corrigan et al (1990) reported a case of recurrent Hodgkin's 
disease that presented as a breast nodule in a young girl. Domchek et al (2002) described a 
large series of 73 patients with lymphomas involving breast. Thirty-two of these patients had 
primary disease, and the remainder had recurrent disseminated disease. Nearly all of the 
patients had palpable masses. Most of the primary breast lymphomas were of low grade. The 
cytologic presentation of these cases was similar to that observed in lymph nodes (see Chap. 

31). 

Several years ago we observed a breast tumor in a middleaged woman that was classified as 
lymphocytoma of the breast. Today, however, it would likely be classified as a low-grade 
malignant lymphoma. The lesion recurred several times over a period of 10 years after 
treatment by surgery 
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and radiotherapy. The patient ultimately died of a pulmonary carcinoma, which was unrelated to 
the breast lesion but perhaps was related to the radiotherapy. Several aspirates of the breast, 
obtained during the course of her disease, showed a fairly monotonous population of 
lymphocytes. 
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Figure 29-45 Hyperplastic inflammatory lymph node in the breast of an 18-year-old 
woman. A Aspiration smear composed mainly of mature lymphocytes. B. Hyperplastic 
lymph node with small deposits of melanin pigment consistent with dermatopathic 
lymphadenopathy. 



Hummel et al (1999) reported a very rare case of lymphoid hyperplasia with massive sinus 
histiocytosis (Rosai-Dorfman disease) in the breast of a 52-year-old woman. The aspiration 
smears contained a mixed population of cells, including clusters of macrophages and 
lymphocytic cells in various stages of maturation. 



An important point in the differential diagnosis of a lymphoma is an intramammary lymph 
node. Such lymph nodes, which are usually located in the tail of the breast, may become 
hyperplastic and palpable, and mimic clinically mammary carcinoma. Aspiration cytology usually 
discloses a mixed population of lymphocytes (Fig. 29-45). Surgical removal of the node may still 
be necessary to rule out malignant lymphoma. 



Surprisingly, the tumorous form of chronic myelogenous leukemia, known as granulocytic 
sarcoma or chloroma, has been repeatedly observed in the breast as the primary site. Ngu et 
al (2001) collected 18 reported cases, including those of Pettinato et al (1988), Barker (1998), 
and Liu et al (1999). Chloroma can be recognized because of the presence of mature myeloid 
cells that can be analyzed further by immunocytochemistry and flow cytometry, as 
described elsewhere in this book (see Chap. 27). 
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Figure 29-46 Metastatic myxoid liposarcoma from the groin to the breast in a 90-year- 
old woman. A Scattered small cells against a mucoid background in Diff-Quik stain. B. Pap 
stain reveals a network of anastomosing capillaries, characteristic of the tumor. 



METASTATIC TUMORS 

Metastatic carcinomas and other tumors from various primary sites may occur in the breast. 

Several papers have described multiple sites of origin of metastases to the breast (Silverman et 
al, 1987; Sneige et al, 1989; DiBonito et al, 1991; Domanski, 1996; Deshpande et al, 1999). 

Regardless of the site of origin, the metastatic tumors are always a diagnostic problem, 
unless they differ radically from primary tumors of the breast because of their morphology (Fig. 

29-46) or contain cell products that are foreign to the breast (e.g., melanin or psammoma 
bodies). As a point of differential diagnosis with a melanoma, it is of interest to note that 

melanocytic colonization of mammary 
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carcinoma by pigment from the skin was first reported by Azzopardi (1979) and was also 
observed by Gadkari et al (1997) in an aspiration smear. 



TABLE 29-6 METASTATIC TUMORS TO BREAST 



Primary Site 


Tumor Type 


Selected References 




Cervix 


Poorly differentiated 
squamous cell carcinoma 


Domanski, 1996 




Uterus 


Endometrial 

adenocarcinoma 


Domanski, 1996 






Choriocarcinoma 


Kumar et al, 1991 




Stomach 


Signet-ring cell carcinoma 


Domanski, 1996 




Rectum, colon 


Adenocarcinoma 


Lai and Jaffe, 1999; Sironi et al, 


2001 


Lung 


Small cell carcinoma 


Lai and Jaffe, 1999; Sironi et al, 


2001 




Large cell carcinoma 


Lai and Jaffe, 1999; Sironi et al, 


2001 


Hematopoietic 


Plasma cell myeloma 


Lai and Jaffe, 1999; Sironi et al, 


2001 


Kidney 


Renal cell carcinoma 


Ferrara and Nappi, 1996; Chhieng et 
al, 1999 
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Mediastinum 


Leiomyosarcoma 


Ferrara and Nappi, 1996 


Ovary 


Serous papillary and clear 
cell carcinomas 


Raptis et al, 1996 


Spinal cord 


Chordoma 


Gupta et al, 1997 


Thyroid 


Medullary carcinoma 


Ordonez et al, 1988; Pritchett and Ali, 
1998 


Liver 


Hepatocellular carcinoma 


Nappi et al, 1992; Dusenberg and 
Carr, 1996; Sironi et al, 2001 


Skin 


Melanoma 


Arora and Robinson, 1992 



Although the patient's history may include a malignant tumor in another site, the possibility of 
a new primary breast cancer can never be ruled out. Particularly difficult to diagnose are 
the relatively frequent metastatic adenocarcinomas of ovarian or renal origin, which may 
mimic breast cancer to perfection. The possibility of two synchronous primary tumors in the 
breast (i.e., carcinoma and primary or metastatic malignant lymphoma) should always be 
considered. 

The diagnosis of a metastatic tumor to the breast depends to a large extent on knowledge of 
the patient's clinical history and the cytologic or histologic patterns of the primary tumor. 

Table 29-6 lists the relatively common metastatic malignant tumors of the breast and their site 
of origin. 

ACCURACY OF ASPIRATION BIOPSY OF PALPABLE BREAST LESIONS 

Aspiration biopsy cytology aims to differentiate benign breast lesions from carcinoma. The 
statistics clearly document that experience with the method is an important performance 
factor (see Chap. 28). When the Swedish investigators Franzen and Zaijcek (1968) began their 
work in the 1950s, they were essentially self-taught and had no grounding in histopathology. In 
1,009 histologically diagnosed benign breast lesions studied at the Radiumhemmet in 
Stockholm between 1955 and 1964, the diagnosis was negative for cancer in 97.2% and 
“suspicious” in 2.8% of the patients. 

In mammary carcinoma, the performance of this team during the same time period was much 
less satisfactory. In 1,068 histologically proved mammary carcinomas, 77% of the smears were 
reported as carcinoma, 13% were “suspicious,” and almost 10% were “negative.” With 
experience the results improved, and in 1964 the percentage of positive smears in cancer 
patients rose to 83%, the rates of “suspicious” smears dropped to 11%, and “negative” smears 
decreased to 6% of the cases (Zaijcek, 1974). Improved diagnostic accuracy was obtained 
when the aspiration procedure was repeated in doubtful or negative smears in 
clinically suspicious patients. This was the procedure used in 1974, when, as Table 29-7 
shows, more than 92% of the breast carcinomas were accurately diagnosed, only 6% were 
considered cytologically “suspicious,” and the false-negative results dropped to about 2% of 
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the cases. It is evident from these statistics that experience with the method is an essential 
ingredient of success, but that even in experienced hands negative or atypical cytologic 
findings do not guarantee that a lesion is benign. The diagnosis of “suspicious” was 
particularly disconcerting because it occurred in 2.8% of benign lesions and in 6% to 13% of 
cancers. It is evident that a core or surgical biopsy should be requested in all 
cytologically, clinically, or radiologically doubtful cases. 

Some pertinent data from the earlier literature concerning false-positive and false-negative 
cytologic reports in clinically suspected carcinoma of the breast are also presented in Table 
29-8, and data on the sensitivity and specificity of the method, compiled by Frable (1989), 
are shown in Table 29-9. The Frable data, which were taken from several sources, show a 
specificity of about 96% to 97%, suggesting that the reliability of a cytologic diagnosis of 
cancer is high. However, the sensitivity of the procedure (between 70% and 85% in the 
aspiration biopsies) was much lower. 
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TABLE 29-7 CYTOLOGIC FINDINGS IN 1,068 HISTOLOGICALLY VERIFIED MAMMARY 

CARCINOMAS STUDIED 1955-1964* AND IN 226 CARCINOMAS FROM 1974 AT THE 

RADIUM HEMMET, STOCKHOLM 



Histologically Diagnosed Carcinomas 



Cytologic Report 


1955-1964: 1,068 Cases 


1974: 226 Cases 


Number 


%* 


Number 


% 


Negative for cancer 


106 


9.9 [6.1] 


4 


1.8 


Carcinoma suspected 


139 


13.0 [11.3] 


13 


5.7 


Carcinoma 


823 


77.1 [82.6] 


209 


92.5 


* Figures in brackets from 1964. 



TABLE 29-8 FREQUENCIES OF FALSE-POSITIVE AND FALSE -NEGATIVE REPORTS 
FROM ASPIRATION BIOPSY OF THE FEMALE BREAST 




Histologically 

Proved 

Carcinoma 


Aspiration Biopsy 




False-Positive False-Negative 


Number 

of 

Literature Breasts 


Number % 


Number % Number % 
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Cornillot et al 
(1974) 


2267 


1335 


58.9 


15 


1.6 


162 


12.1 


Kreuzer and 
Boquoi (1976) 


602 


247 


41.0 


4 


1.1 


33 


13.4 


Rosen et al 
(1972) 


208 


179 


86.1 


0 


0 


32 


17.9 


Shiller- 
Volkova and 
Agamova 
(1960) 


263 


165 


62.7 


4 


2.4 


44 


26.7 


Smith et al 
(1959) 


202 


80 


39.6 


3 


2.5 


19 


23.8 


Stavric et al 
(1973) 


250 


108 


43.2 


2 


1.4 


5 


4.6 


Zajdela 

(1975) 


2772 


1745 


62.9 


3 


0.3 


152 


8.7 


Zajicek 

(1974) 


2077 


1068 


51.4 


1 


0.1 


106 


9.9 


TOTAL 


8641 


4927 


57.0 


32 


0.9 


553 


11.2 





TABLE 29-9 SENSITIVITY AND SPECIFICITY OF THE THIN-NEEDLE ASPIRATION 
BIOPSY OF MAMMARY CARCINOMA 

American 

European Experience 8,434 cases (6 Experience 4,763 

sources) cases (5 sources) 



Sensitivity* 84.5% 70.8% 

Specificityf 96.5% 96.7% 
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_ ... true-positive 

*Sensitivity = — - ; — — — — 

true positive + suspected + I alse- positive 

true-neqative 

TSpecifiaty= - — ■ — — 

true-negative + suspected + false positive 

(Modified from Frable WJ. Needle aspiration biopsy: past, 
present and future. Hum Pathol 20:504-517, 1989, with 
permission) 
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An important study by Zarbo et al (1991) summarized the results from 294 American laboratories 
that participated in a survey organized by the American College of Pathology. The results, 
which reflect early experience with the method, were not satisfactory. Of the 13,066 cases 
reviewed, the accuracy of the method was estimated at 90%, and the specificity of the test 
was estimated at 82%. There were 3% false-positive, 18% false-negative, and 17% 
inadequate smears. Giard and Hermans (1992) reviewed 29 reports from different 
laboratories and noted a sensitivity that varied from 61% to 98%, and a specificity of 34% 
to 100%. Another study pertaining to 1,018 American laboratories participating in the 
Interlaboratory Comparison Program of the College of American Pathologists (Young et al, 

2002) recorded a false-negative rate of 6.2% and a false-positive rate of 1.1%. However, the 
recognition of tumor type was unsatisfactory, particularly for lobular, medullary, and colloid 
(mucinous) carcinomas. 

Considering that the data cited above pertain to work performed 10 to 15 years before the time 
of this writing (2004), it is a legitimate question as to whether the performance of breast 
aspiration cytology has improved in more recent years. Arisio et al (1998) reviewed 59 reports 
from the literature encompassing 70,750 patients for the years 1983 to 1996, and reported an 
overall sensitivity of 84% (range: 61% to 98%) and specificity of 97% (range: 56% to 
100%), with less than 1% false-positive and 6% false-negative smears. There were 
considerable differences among the laboratories, which was also emphasized by Collaco et al 
(1999). 

Experience and expertise in sampling and interpretation obviously play a major role in the 
performance of individual laboratories, as emphasized by Cohen et al (1987) and Ljung et al 
(2001). Ljung et al (2001) reported that physicians trained in the use of the aspiration technique 
missed 2% of breast carcinomas, whereas physicians without formal training missed 25%. 

Similar discrepancies were observed in referrals to surgery: lack of expertise resulted in the 
referral of 30% of patients with benign lesions, as compared with only 8% referred by 
experienced observers. The highly specialized team at the M.D. Anderson Hospital in Houston, 
headed by Sneige (1993), reported a sensitivity of 96%, specificity of 99%, positive 
predictive value of 99%, and negative predictive value of 94% based on 1,995 cases. 

Boerner and Sneige (1998), from the same institution, studied 4,455 aspirates of palpable 
lesions and reported only 1.1% false-negative results, half of which were caused by 
inadequate smears. Nearly identical results were reported by Layfield et al (1997) and 
Feichter et al (1997). In a study based on personal experience with 4,110 patients and the use 
of cell blocks to supplement smears, Arisio et al (1998) reported a sensitivity of 94.6%, 
specificity of 99.9%, and accuracy of 98.8%. Of these cases, 0.3% were false-positive and 
1 .4% were false-negative. Sanchez and Stahl (1996) noted that the most common cause of 
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false-negative smears in breast cancer is poor aim with the aspirating needle and, 
rarely, misinterpretation of the cytologic evidence by experienced observers. However, 
this is not always the case, as illustrated in a study conducted by Sidawy et al (1998). In that 
study, 12 smears (six fixed and stained with the Papanicolaou method, and six air-dried and 
stained with Diff-Quik) were assessed by six pathologists with considerable experience in 
mammary cytology. In only two of the cases (both with obviously malignant cells), a consensus 
was achieved. In the remaining cases, no agreement could be achieved with a kappa 
(agreement) value of 0.35, indicating essentially no consensus (the value of perfect 
agreement is 1.0). 

The conclusions pertaining to the accuracy of breast aspiration cytology in palpable 
lesions are that the method has a very high degree of reliability when the diagnosis of 
breast cancer can be confidently established in aspirated material by experienced 
observers, but the performance of the system is much less reliable in ruling out 
cancer if the cytologic evidence is scanty or difficult to interpret. Thus, one must 
accept that FNA of palpable breast cancers carries with it a margin of false-negative 
error that with experience may be reduced to about 1%. 

It is of interest to compare the performance of FNA with core needle biopsies in patients 
with palpable breast cancer. Ballo and Sneige (1996) reviewed 124 cases in which such a 
comparison was possible, and reported that the specificity of the two procedures was 100%, 
but the sensitivity of FNA (97.5%) was significantly better than the sensitivity of core 
biopsies, which was only 90%. The differences were statistically significant (p < 0.004). 

ACCURACY OF STEREOTACTIC NEEDLE BIOPSY IN CLINICALLY OCCULT 
BREAST LESIONS 

With the increasing use of mammography and ultrasonography for the detection of mammary 
cancer, the efficacy of the procedure must be examined from two points of view: 

■ How reliable is a diagnosis of mammary carcinoma that is established from a small sample of 
cells aspirated from a lesion barely 2 to 5 mm in diameter? 

■ How reliable is a diagnosis of “no cancer cells present” under these circumstances? Is it safe 
to follow such patients without surgical biopsy or removal? 

Both questions were addressed in an early summary of experience with 2,594 nonpalpable 
breast lesions in Stockholm (Azavedo et al, 1989), where the stereotactic aspiration system was 
first introduced. Of the 2,005 samples judged to be benign by mammography and 
cytology, only one patient developed carcinoma. In other words, the method had a 
very high negative predictive value. Of 567 samples for which surgical removal of the 
lesion was recommended because of either mammographic findings or cytologic diagnoses, 

451 were diagnosed as mammary carcinoma and 116 were diagnosed as benign lesions (false 
negative). The conclusions of that paper were that in competent hands, the combination of 
mammography and stereotactic aspiration of the breast is a reliable method for the 
diagnosis of “no cancer present.” However, cytology 
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alone failed to identify a substantial proportion of small occult carcinomas. 

Masood et al (1990) reported on 100 patients aspirated under mammographic control. Three of 
20 carcinomas were missed (two were lobular carcinomas in situ, and one was ductal 
carcinoma in situ). The specificity of the diagnosis of cancer was 100%, whereas the 
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method had a sensitivity of 85% and accuracy of 96.7%. Fajardo et al (1990) also reported a 
diagnostic specificity of 100%. Klijanienko et al (1998) reported false-negative results in 12 
(about 11%) of 105 cancers documented by biopsy with no falsepositive errors. Writing from 
the same institution (the Curie Institute in Paris), Cote et al (1998) reported the results of 
stereotactic FNA cytology in 238 patients with 243 occult breast lesions who underwent 
subsequent tissue biopsies. Of 107 benign lesions, full agreement between cytology and 
histology was achieved in only 75 (70%) lesions. Four smears were “suspicious,” and 28 (26%) 
were unsatisfactory. Of 136 malignant lesions, full agreement between cytology and histology 
was achieved in only 73 (54%) of carcinomas, whereas 15 smears were “suspicious,” 12 were 
“benign,” and 36 (26.5%) were unsatisfactory. Although no false-positive diagnoses were 
rendered, the large number of “suspicious” smears with either benign or malignant breast 
lesions shows the limitations of the technique. Avery large number of unsatisfactory smears in 
this series (64% or 26% of the aspirates) suggest a major problem with securing adequate 
samples from small lesions. 

Information on ultrasound-guided aspiration biopsies was provided by Sneige et al (1994) 
based on experience with 586 patients. They reported a false-negative rate of 2% and a 
false-positive rate of 1%, with an overall sensitivity of 91% and specificity of 77%, which 
are not much different from the results cited above. Similar observations were reported by 
Lahaye et al (1991) and Saarela et al (1996). Boerner et al (1999) reported on 1,639 patients 
with 1,885 FNAs obtained under ultrasound guidance. Mammary carcinoma was diagnosed in 
3.7% of smears classified as “benign,” 52.9% classified as “atypical,” 75.8% classified as 
“suspicious,” and 98.8% classified as “malignant,” for an aggregate sensitivity of 97.1% and 
specificity of 99.1%. 

These reports have been superseded by an elaborate study of the efficiency of stereotactic 
FNA in comparison with tissue core biopsy (Symmans et al, 2001). This comparison of 
results from the two methods was based on personal experience and a review of 16 published 
reports, with emphasis on negative predictive value (i.e., whether the negative diagnosis 
does indeed indicate a benign lesion). The negative predictive value and the diagnosis of 
breast cancer were about 2% to 10% higher for the core biopsy than for the FNA. The 
results were related to cytologic sample adequacy (nondiagnostic smears), a factor that 
obviously depends on the size of the lesion and the skill and experience of the operator, as 
discussed above. It must be stressed that tissue core biopsies also have a false-negative rate, 
even in palpable lesions of the breast, as reported above (Ballo and Sneige, 1996). To a 
significant extent, the choice of the sampling method rests on the expertise of the medical 
personnel obtaining the samples. For people trained in tissue pathology, core biopsies are 
preferable. In institutions with a team that is competent in FNA malignant breast lesions will be 
diagnosed that may be missed on core biopsies and sometimes even excisional biopsies. 

Personal experience and a review of the literature strongly suggest that there are some major 
differences between aspiration cytology of palpable lesions and small lesions sampled 
under mammographic or ultrasound guidance. The rate of false-positive cytologic 
diagnoses is generally lower for the small lesions, probably because few abnormalities 
(such as fibroadenomas or benign mastopathy) that are the source of diagnostic difficulty (see 
below: atypical smears) are sampled. On the other hand, the rate of “false-negative” 
smears is higher, for two reasons: 

■ The very small lesions are difficult to sample and may be missed by the needle. 

■ Some of the lesions discovered by imaging, such as lobular carcinoma in situ or 
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very well differentiated ductal carcinomas in situ, are very difficult to recognize in 
smears. 

Adequacy of Smears 

Because many or most false-negative results in breast cancer apparently are caused by 
inadequate material, Layfield et al (1997) established the following criteria for smear 
adequacy: 

■ The presence of at least six clusters of epithelial cells in all smears 

■ The presence of 10 or more myoepithelial (bipolar) cells in 10 consecutive medium- 
power viewing fields of the microscope (objective 20 or 25*). 

Although these criteria have been generally accepted as valid, they are not realistic for 
fibrous mastopathy, which often (even with multiple passes) does not yield any epithelial 
cells, or may yield less than six clusters. Using three (or at the most four) passes does not 
necessarily improve the yield of the aspiration, particularly for very small lesions 
(Pennes et al, 1990). The presence of myoepithelial cells is irrelevant in mammary carcinomas, 
wherein such cells are either absent or very few in number. 

The issue of smear adequacy was also addressed by the Consensus Conference on the 
Uniform Approach to Breast Fine Needle Aspiration, sponsored by the National 
Institutes of Health (1997). Instead of recommending a numerical value, the conference 
participants left it to the discretion of cytopathologists to decide whether the material is 
adequate in view of the clinical data. 

Reporting of Mammary Aspiration Smears 

Following a plea by Sneige et al (1994), the National Cancer Institute Consensus 
Conference on Breast FNA (1997) suggested the use of the following terminology in 
reporting mammary aspiration smears (as summarized below with slight 
modifications): 

■ Benign: There is no evidence of abnormalities. 

■ Atypical/ indeterminate: The cellular findings are not diagnostic, and should be 
correlated with clinical and 
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mammographic data (i.e., the triple test; see the opening pages of this chapter). 

■ Suspicious/probably malignant: The findings are suggestive but not unequivocally 
diagnostic of cancer. 

■ Malignant (or positive): There is conclusive evidence of cancer. It was suggested 
that the type of cancer and nuclear grade (see below) should be provided. 

■ Unsatisfactory: The reasons should be listed (e.g., scant cellularity, smearing 
artifacts, obscuring blood, or inflammation). 

The above nomenclature verbalizes and closely resembles Papanicolaou's classes for 
cervicovaginal smears (see Chap. 11) and covers all of the diagnostic possibilities in the 
interpretation of aspirated cytologic material. However, the nomenclature does not address the 
critical issues of atypical and suspicious smears. 
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“Atypical” and “Suspicious ” Smears 

Regardless of the degree of sophistication and excellence of the methods used to sample 
breast lesions, in a certain number of cases benign epithelial cells, which occur in clusters 
or singly, may show nuclear enlargement and hyperchromasia (Koss et al, 1992; Sneige, 
1993; Stanley et al, 1993; Al Kaisi, 1994; Mulford and Dawson, 1994). The most common cause 
of diagnostic difficulties is fibroadenomas, but atypical cells may also occur in duct 
hyperplasia, fibrous mastopathy, nipple adenomas, fat necrosis, and other benign 
conditions discussed above. The interpretation of such smears must rely on the background of 
the smears: the presence of myoepithelial (bipolar) cells is strongly in favor of a benign 
lesion, at the risk of missing an occasional tubular carcinoma (see above). 

If atypical cells are present, the clinical history of the patient, and mammographic and 
palpatory findings are helpful in reducing the number of “I don't know” diagnoses. In all 
debatable cases, a tissue biopsy should be recommended. It is better to request an 
unnecessary biopsy than to miss a breast cancer. 

In my experience, most suspicious smears should also be reassessed in conjunction with 
clinical findings, and, after they are reviewed by another expert observer, they may often be 
reclassified as either benign or malignant. On the other hand, in the presence of marked 
inflammation, one should exercise extreme caution in diagnosing a malignant lesion, and such 
smears should be reported appropriately. The presence of excessive blood in the smears is 
caused by poor aspiration technique and should be so reported. 

ANCILLARY STUDIES TO ASSESS THE PROGNOSIS OF BREAST CANCER IN 
WOMEN USING ASPIRATED CYTOLOGIC PREPARATIONS 

Breast Cancer Panel 

A number of factors that may be studied and quantitated in aspiration smears or cell blocks 
of the breast appear to be of clinical and prognostic value. The make-up of a breast cancer 
panel is as follows: 

■ Nuclear grading 

■ DNAploidy 

■ Estrogen and progesterone receptor binding 

■ Proliferation index 

■ Expression of molecular markers (HER-2/neu) 

Undoubtedly, with time other parameters will also be measured. The techniques used in these 
measurements are described in Chapters 45 and 47. 

The rationale behind the breast cancer panel is as follows: There is evidence that carcinomas 
of the breast with a diploid DNA content and a small proliferation fraction have a better 
prognosis than aneuploid breast cancers with a high level of proliferating cells. The 
diploid-range tumors usually have low-grade nuclei and express estrogen receptors, and 
thus respond to hormonal manipulation. Highly aggressive tumors that are aneuploid have 
no estrogen or progesterone receptors, have a low level of HER-2/neu protein expression, and 
respond to chemotherapy, even though the response may be only temporary (Coulson et al, 
1986; Bacus et al, 1988, 1989, 1990; Fallenius et al, 1988; Colley et al, 1989; Kommoss et al, 
1989). There is also evidence that some tetraploid tumors of intermediate degree of 
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aggressive behavior express high levels of the HER-2/neu oncogene (Ravdin and Chamnes, 

1995). 

Nuclear Grading 

Nuclear grading is the assessment of nuclear abnormalities. It was first proposed for histologic 
sections of breast cancer with long-term follow-up by Bloom and Richardson (1957). This 
procedure has been applied to aspiration smears by a number of observers, with uncertain 
results (Masood, 1990; Layfield, 1992; Cajulis et al, 1994; Dabbs and Silverman, 1994; 

Robinson et al, 1994). Moroz et al (1997) used image analysis for this purpose. The factors 
considered in these assessments were: 

■ The size of the nuclei, with smaller nuclei indicating a lower grade of tumor (e.g., see 
Fig. 29-34A), and larger, aneuploid nuclei indicating a higher grade of tumor (e.g., see 
Fig. 29-27) 

■ The similarity of nuclear sizes, with dissimilar nuclei indicating a higher grade (e.g., 
see Fig. 29-32) 

■ The presence of a coarse chromatin pattern, large nucleoli, and mitotic figures 
(particularly abnormal mitoses), which are suggestive of a higher grade (e.g., see Fig. 

29-30) 

In the absence of long-term follow-up of these studies, the significance of cytologic nuclear 
grading is not clear (Abati and McKee, 1998). 

DNAPioidy 

One of the earliest methods for assessing the prognosis of breast cancer was to measure DNA 
content in cancer cells, either by image analysis in smears stained with Feulgen stain, or 
by flow cytometry in cell or nuclear suspensions (Auer et al, 1980; Auer and Zetterberg, 

1984; Cornelisse and van Drier-Kulker, 1985; Dawson et al, 1990). 

Auer et al (1980) established the basic parameters of 
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DNAploidy patterns using Feulgen-stained aspiration smears. Four types of DNA patterns were 
established: diploid, diploid-tetraploid, diploid-aneuploid, and aneuploid. In subsequent 
studies by Auer and Zetterberg (1984), it was shown that nearly 80% of women with diploid and 
diploid-tetraploid patterns were likely to survive 10 years, whereas 90% of women with 
aneuploid DNA patterns died within 2 years (Fig. 29-47). 

These results were generally confirmed by Falenius et al (1988) and Joensuu et al (1992). 

Further, Falenius et al (1984) observed that small carcinomas detected by mammography 
were for the most part diploid, and hence offered an excellent prognosis. This observation is 
of further interest because a significant proportion of the small lesions are tubular 
carcinomas that rarely metastasize and have low malignant potential. 

Proliferation index 

The proliferation index indicates the proliferation potential of a tumor. One obtains this index by 
studying the frequency of mitoses in a tissue section or in smears stained with Ki-67 or MIB1 
antibody, which indicate the presence of cells entering the mitotic cycle (Pinder et al, 1994; 

Lehr et al, 1999). It is generally accepted that if fewer than 10% of cancer cells stain with the 
antibody, the prognosis is better than if more than 20% of cells express this factor. Values 
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between 10% and 20% have no definite prognostic value. Avery strong, statistically valid 
correlation between tumor proliferation and disease-free survival was demonstrated by Billgren 
et al (2002). 

S- Phase of Tumors As an Index of Proliferation 

Another approach to determine tumor proliferation is to measure DNAploidy in tumor nuclei by 
flow cytometry, and calculate from the histogram the percentage of cells in the S- 
phase of the cycle. High S-phase values are usually observed in aneuploid tumors and are 
consistent with a high level of tumor proliferation (and a poor prognosis). Low S-phase values 
are usually observed in diploid and tetraploid tumors (for a summary see Koss et al, 1989 and 
Wersto et al, 1991). This procedure, which can be used with FNA samples, is described in 
detail in Chapter 47. 

Keyomarsi et al (2003) studied the level of cyclin E, which is responsible for the transition from 
G1 to the S-phase of the cell cycle. Women with stage 1 disease and elevation of cyclin E 
protein in tumors have a much higher risk of dying of breast cancer than women whose cancers 
did not show this abnormality, which suggests that mechanisms of mitosis have prognostic 
significance. 

Estrogen and Progesterone Receptors 

Estrogen and progesterone receptors can be easily assessed on aspiration smears with the 
use of the appropriate antibodies (Bacus et al, 1988; Coulson et al, 1986) (see Chap. 45). 

Formalin fixation of the smears is recommended. 

Hormone receptors correlate with DNAploidy. Diploid 
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and diploid-tetraploid tumors are more likely to express these receptors than are aneuploid 
tumors (Olszewski et al, 1981). However, the presence of estrogen receptors suggests a 
response to hormonal therapy. In a summary paper, Masood (1992) discussed the parameters 
of these tests. In general, if more than 5% of cancer cells display estrogen or 
progesterone receptors, the prognosis is better than if the binding occurs in less than 
5%. Riggs and Hartman (2003) suggested that selective estrogen receptor modulators 
(SERMs) may also serve as a guide to prognosis and treatment. 
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Figure 29-47 A DNA distribution patterns by Feulgen cytophotometry in mammary 
carcinomas and control benign breast tissue. The tumors were divided into four types: 
diploid (type I), diploid-tetraploid (type II), aneuploid (type III), and markedly aneuploid (type 
IV). B. Survival patterns (top, less than 2 years; bottom, more than 10 years) according to 
the four types of DNA distribution. Long-term survival reported by Dr. Auer is much better 
with type I and II breast cancers (79% of this group) than with types III and IV. (Diagrams 
courtesy of Dr. Gert Auer, Karolinska Institute, Stockholm, Sweden.) 



Molecular Markers 

A number of prognostic molecular markers have been developed to assess the behavior of 
mammary carcinomas (Sigurdsson et al, 1990). Chief among them are the breast cancer genes, 
BRCA 1 and 2, which may be mutated in some families and which predispose women to 
breast, ovarian, and tubal cancer (see also Chap. 16). It has been suggested that patients 
with mutations of BRCA1 tend to develop high-grade breast cancers and medullary 
carcinomas with lymphoid stroma, whereas patients with the BRCA2 mutation develop 
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more heterogeneous carcinomas (Hedenfalk and Lakhani et al, 2001). These genes can be 
analyzed by polymerase chain reaction (PCR) on DNA extracted from lymphocytes. Some 
patients with these mutations may opt for prophylactic mastectomy. 

Other gene abnormalities may be studied in aspiration smears by means of monoclonal 
antibodies. Thus, the absence or reduction of expression in the adhesion molecules E- 
cadherin may be related to the formation of metastases (Oka et al, 1993; Birchmeier et al, 

1994). The expression and mutation of the oncogene HER-2/neu may also be determined and 
measured in FNA smears by immunocytochemistry and fluorescence in situ hybridization 
(FISH), with results comparable to those obtained in tissue sections (Corkill and Katz, 1994; 

Ravdin and Chamnes et al, 1995; Klijanienko et al, 1999; Couturier et al, 2000; Hoang et al, 

2000; Lehr et al, 2001; Bozzetti et al, 2003). Anew method for visualizing the hybridization 
process, using grains of gold as a marker, was described by Tubbs et al (2002). This issue has 
acquired practical significance because of the recent introduction of a specific drug (Herceptin) 
that prolongs the lives of patients who test positive for the mutation of this gene. 

As discussed in Chapter 6, the bcl-2 gene encodes for proteins that are involved in regulating 
cell death or apoptosis. The absence or mutation of this gene prevents apoptosis and thus 
enhances the survival of cancer cells. Siziopikou et al (1996) observed that the bcl-2 gene is 
present in all benign lesions of the breast and some well differentiated in situ duct 
carcinomas, but is absent in invasive cancer. Opposite results were observed with p53 
protein products, which is absent in benign and well differentiated malignant lesions, but is 
expressed in poorly differentiated in situ duct carcinomas and in invasive cancer. 

These parameters can also be studied in FNAsmears. Troncone et al (1995) applied 
immunocytologic techniques to the study of bcl-2 gene expression in cancer cells in smears of 
54 patients and compared the results with corresponding surgical specimens from 20 of these 
patients, with concordant results. Bozzetti et al (1999) correlated the expression of the bcl-2 
gene with several other parameters in FNAsmears of 130 patients with mammary carcinoma. 

The presence of the bcl-2 gene in 76% of mammary carcinomas correlated in a statistically 
significant fashion with other favorable prognostic factors, such as the presence of estrogen 
and progesterone receptors, a low proliferation index, and the absence of the p53 mutation. 

Pollett et al (2000) correlated mutations of the cancer gene p53 in aspirated samples 
compared with histologic sections, with comparable results. The clinical significance of these 
observations has not been established. 

FISH was used by Leuschner et al (1996) to document numerical abnormalities of 
chromosomes 1 and 9 in breast cancer. Again, the clinical significance of these observations 
is unknown, but they show the potential of this technique for further studies. 

The newest development in molecular biology is microarray assays, which allow tumor RNA 
to be matched with the DNA of a large number of genes. This technique was used by 
Hedenfalk et al (2001) to document that gene expression profiles differed among small groups 
of women with BRCA1 and BRCA2 mutations and sporadic breast cancers. Similar findings 
were reported by Assersohn et al (2002). 

Smear Pattern 

Several observers have attempted to correlate the behavior of mammary cancer (notably its 
ability to form metastases) with the smear pattern. Dissociated smear patterns in which the 
cancer cells formed very few or no clusters were compared with smear patterns with a 
dominance of cell clusters or a combination of these patterns (Layfield et al, 1992; Yu et al, 
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1998; Schiller et al, 2001). Neither Yu et al (1998) nor Schiller et al (2001) found any 

correlation between the smear pattern (dispersion of cells) and axillary lymph node 
metastases. Layfield et al (1992) were less certain and suggested that the smear pattern does 
have prognostic significance, with patients showing the dispersed pattern faring less well 
than patients with cancer cells that form clusters. Long-term follow-up studies are needed 
to elucidate the significance of these observations. Asimilar controversy exists in 
reference to patterns of metastatic mammary carcinoma in effusions (see Chap. 26). 

Sex Chromatin As a Prognostic Factor in Mammary Carcinoma 

It has been repeatedly observed that the presence of sex chromatin in breast cancer cells 

has a favorable prognostic significance (Wacker and Miles, 1966; Kallenberger et al, 1967). 

In a study of 100 consecutive breast cancer patients treated by radical mastectomy, sex 
chromatin was evaluated on smears obtained by scraping the cut surface of the tumor (Savino 
and Koss, 1971) (Fig. 29-48). The presence of 20% or more cancer cells with identifiable 
sex chromatin resulted in much more favorable 
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tumor behavior in terms of recurrence. This observation was unrelated to tumor grade or 
stage at the time of the original surgery (see Tables 29-10, 29-11 and 29-12 for a summary). 

Rosen et al (1977) found a correlation between the role of sex chromatin bodies and 
estrogen receptors. This simple method for assessing breast cancer prognosis is probably as 
accurate as other quantitative methods of DNA measurement or estrogen receptor analysis, 
discussed above. 




Figure 29-48 Sex chromatin (Barr body) in mammary cancer. Touch preparation of a 
tumor (Guard stain). A sex chromatin body is readily visible as a small, dense triangular 
area of heterochromatin on the inner aspect of the nuclear membrane. (Oil immersion.) 



OTHER APPLICATIONS OF CYTOLOGY OF PROGNOSTIC VALUE 



Sentinel Lymph Nodes 
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As discussed in the opening pages of this chapter, the evaluation of sentinel lymph nodes 
offers an important guideline for the treatment of breast cancer. The presence of metastatic 
cancer is of value in assessing treatment options. 

Cytologic touch preparations of cross sections of sentinel lymph nodes were studied by 
Viale et al (1999) and Llatjos et al (2002). Sauer et al (2003) used imprints of lymph nodes as 
a rapid and reliable method for assessing metastatic tumor in most cases. The success of the 
method depended on the size and extent of the metastases: it was efficient and reliable in 
larger lesions, but was of questionable value if the metastatic deposits were very small, 
particularly if immunochemistry of keratins was needed to elicit their presence. 



TABLE 29-10 DISTRIBUTION OF SEX CHROMATIN BODIES IN BREAST CANCER 
% of Sex Chromatin No. of Cases NED* Recurrence! 



1-9 


26 


1 


19 


l 7 1 


10-19 


47 


' 100% 


41 ( 


f 6 J 

1 82.2% J 


20-29 


23 


1 


23 


1 


30 and up 


4 


' 100% 


4 


J ° 

* 100% 


Total 


100 




87 


13 


NED; No evidence of disease from 1 to 5 years, 
t Recurrent local or metastatic tumor within 1 to 5 years of follow-up. 

(Savino A Koss LG. The evaluation of sex chromatin as a prognostic factor in 
carcinoma of the breast. Apreliminary report. Acta Cytol 5:372-374, 1971.) 



Cancer Cells in Circulating Blood and Bone Marrow 

As discussed in Chapter 43, new methods for identifying cancer cells in blood and bone marrow 
— particularly reverse transcriptase PCR (RT-PCR) — have been applied to patients with breast 
cancer. Although the results are still controversial, they suggest that patients with evidence of 
cancer cells in either the blood or the marrow are more likely to have a relapse of the disease. 
For a detailed review of the data, see Chapter 43. 

MALE BREAST 

Gynecomastia is the only specific benign disorder of the male breast that may be the target of 
aspiration biopsy. Other disorders (notably duct carcinomas) occur in men, but at a much 
lower rate than in women. The male breast has no lactiferous apparatus; therefore, lobular 
cancers do not occur in the male. 
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Gynecomastia 

Gynecomastia is a swelling of one or both breasts. It is common and transient in 
adolescents, and rarely requires a morphologic diagnosis or treatment. It may be more 
significant in adult men, in whom it may be an expression of testosterone deficiency or estrogen 
surplus. The latter is also observed in cirrhosis of the liver, probably as a consequence of faulty 
metabolism of estrogens. Bhat (1990) reported on gynecomastia in morticians, possibly as a 
consequence of exposure to the estrogens in cadavers. 

Histology and Cytology 

Gynecomastia is characterized by proliferation of breast ducts in a loose connective tissue 
stroma. The ducts are often branching and are lined by one or two layers of cuboidal cells, 
which sometimes form small papillary projections (Fig. 29-49C). 

Aspiration biopsy of gynecomastia is performed only if there is a suspicion of carcinoma. 

Aspirates of gynecomastia are similar to findings in fibroadenoma, inasmuch as the 
dominant features are sheets of cuboidal ductal cells and fragments of loose connective 
tissue stroma (Fig. 29-49A.B). Bipolar, spindly myoepithelial cells and oncocytes are 
sometimes present. Apocrine cell changes have been reported and were attributed to the effect 
of anabolic steroids (Fowler et al, 1996). The lesion rarely causes any diagnostic problems, 
except in patients undergoing chemotherapy. In a smear from a young male patient being 
treated for a malignant lymphoma, we observed significant abnormalities 
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of the epithelial lining cells, with large, hyperchromatic nuclei, mimicking cancer cells to 
perfection (Koss et al, 1992). In the biopsy of the breast, the ducts were lined by large, 
protruding cells with prominent nuclei, which were interpreted as the effects of drugs (Fig. 29- 
50). Asomewhat similar case was reported by Pinedo et al (1991). 



TABLE 29-11 CORRELATION BETWEEN SEX CHROMATIN COUNT AND GRADE OF 

TUMOR 



Tumor Grade 



% of Sex Intraductal III Including Infil. 

Chromatin Total Carcinoma I II Lobular Carcinoma 



1-19 


73 

(100%) 


2 


1 57*(79%) 


13f(17%) 


20 and up 


27 

(100%) 


0 


0 19(70%) 


8 (30%) 



Recurrence: recurrent local or metastatic tumor within 1 to 5 years of follow-up. 

11 Recurrences of tumor, 
t 2 Recurrences of tumor. 

(Savino A Koss LG. The evaluation of sex chromatin as a prognostic factor in 
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carcinoma of the breast. A preliminary report. Acta Cytol 15:373-374, 1971.) 



Carcinoma 

All types of duct cancer may occur in the male breast and can be diagnosed either by 
aspiration cytology or, rarely, in nipple secretions. In fact, it is easier to perform an aspiration 
of the male breast compared to the female breast because, in nearly all cases, the tumor 
is superficial and palpable. The cytologic presentation is identical to that of female breast 
cancer, as described above (Fig. 29-51). Several variants of breast cancer have been 
reported in males (Bhagat and Kline, 1990; Das et al, 1995). The question of whether male 
breast cancer is more common in patients with Klinefelter's syndrome was investigated by 
Nadel and Koss (1967), with negative results. However, more recent epidemiologic studies 
suggested that Klinefelter's syndrome is a risk factor for breast cancer (Hultborn et al, 1997; 
Swerdlow et al, 2001 ). 

Nipple secretions may occur in a male patient, and may occasionally lead to a diagnosis of a 
duct carcinoma (Fudji et al, 1986) or ductal carcinoma in situ (Hirschman et al, 1995; Lopez- 
Rios et al, 1998; Simmons, 2002). 



TABLE 29-12 CORRELATION BETWEEN SEX CHROMATIN COUNTS AND LYMPH 

NODE METASTASES 



% of Sex 
Chromatin 


Nodes 

Positive 


Recurrence* 


Nodes 

Negative 


Recurrence* 


1-19 


29-73 (40%) 


10 


41-73 (60%) 


3 


20 and up 


12-27 (44%) 


0 


15-27 (56%) 


0 



Recurrent local or metastatic tumor within 1 to 5 years of follow-up. 

(Savino A Koss LG. The evaluation of sex chromatin as a prognostic factor in 
carcinoma of the breast. A preliminary report. Acta Cytol 15:372-374, 1971.) 



Uncommon Tumors 

Table 29-13 lists some of the uncommon tumors observed in male patients. The cytologic 
presentation of these tumors is identical with that of the female breast, as described above. 

Accuracy of Diagnosis in Males 

Four major surveys of aspiration cytology of the male breast have been conducted. Das et al 
(1995) described their experience with 188 aspirates, including six cancers. Lilleng et al (1995) 
discussed and analyzed 241 aspirates, including 24 invasive carcinomas and one carcinoma in 
situ. Siddiqui et al (2002) studied 614 aspirates from three major institutions, of which 427 were 
benign and 32 were malignant. Sixty-one smears were “atypical7“suspicious,” and 94 were 
inadequate. The test was calculated to have a sensitivity of 95.3%, specificity of 100%, and 
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diagnostic accuracy of 98%. Two features of this survey were unusual: over one half of the 
documented cancer cases (17 of 32) were metastatic to the breast, with lung cancer and 
melanomas most commonly observed. Nearly 15% of the aspirates were inadequate. The 
results were very similar to those reported by Joshi et al (1999). By far most of the benign 
lesions were 
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gynecomastias, which were usually recognized without any difficulty. Other benign lesions 
occasionally encountered were fat necrosis, papillomas, and rare soft-tissue tumors, such 
as lipomas. In general, the male breast causes far fewer diagnostic problems than the female 
breast. 




Figure 29-49 Gynecomastia in a 77 -year-old man. A At low magnification, this smear is 
strikingly similar to cytologic findings in fibroadenoma (see Fig. 29-18). Numerous large 
clusters of ductal cells and bits of stroma in the background are characteristic of 
gynecomastia. B. The clusters are composed of tightly packed cuboidal ductal cells, with a 
few small myoepithelial cells attached to the periphery. C. Histology of the lesion. The 
breast ducts are surrounded by loose stroma. 



NIPPLE SECRETIONS 

Nipple secretions should not occur in a normal, nonpregnant, nonlactating woman. 
Therefore, nipple secretions that occur in the absence of pregnancy or lactation are, per 
se, abnormal. Nipple secretions have various appearances: they can be milky, watery 
(usually reflecting milk precursor or collostrum), serous (yellow or clear), purulent (thick, 
yellow), blood-tinged, or frankly bloody. Based on a very large experience with 602 
samples, Das et al (2001) observed that bloody nipple secretions are most likely to show 
significant abnormalities of the duct system. Such secretions are of particular interest in cancer 
(see below). 
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Figure 29-50 Atypical gynecomastia in a young patient undergoing chemotherapy 

for lymphoma. A Thick cluster of superimposed epithelial cells with large, hyperchromatic 
nuclei. B. Histology of a breast lesion showing marked nuclear abnormalities in the ductal 
epithelium. 
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Figure 29-51 Ductal carcinoma in situ in a 54-year-old man. A Numerous irregular 
clusters of cancer cells against a clean background. B. At high magnification, the loosely 
structured cluster is composed of large but uniform cancer cells with relatively smooth 
hyperchromatic nuclei. The nucleoli are barely visible in some cells, consistent with a low 
nuclear grade. C. Tissue section from the same case showing a low-grade carcinoma in 
two adjacent ducts. 



There are several possible reasons for such secretions. They may be caused by a temporary 
hormonal imbalance that stimulates secretion of the acini, or benign disorders such as 
duct stasis or papilloma. However, nipple secretions that resemble milk, colostrum, or serous 
secretions (galactorrhea) may occasionally occur in a variety of endocrine disorders that 
affect the secretion of prolactin or prolactin inhibitors. The most significant of these disorders 
are pituitary tumors and other diseases of the hypothalamic-pituitary axis. These disorders 
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must always be considered in the differential diagnosis of nipple discharge in otherwise 
asymptomatic women (see Chap. 9). Nipple discharge may also occur in infants with abnormal 
premature breast development (telarche). Mangano et al (1998) reported that the nipple 
fluid in a 10-month-old girl contained a large number of clusters of minimally atypical 
hyperplastic ductal cells. 



TABLE 29-13 UNUSUAL VARIANTS OF CARCINOMA AND OTHER RARE TUMORS 

REPORTED IN MALE PATIENTS 


Type of tumor 


Authors 


Benign 




Graular cell tumor 


Chachlani et al, 1977 


Malignant 




Carcinoma with argyrophilic cells or with 
endocrine differentiation 


Skoog, 1987; Feczko et al, 1995 


Papillary carcinoma 


Mockli et al, 1993 


Secretory carcinoma 


Pohar-Marinsek and Golouh, 1994; 
Vesoulis and Kashkari, 1998 


Hemangiopericytoma 


Jimenez-Ayala et al, 1991 





Most importantly, nipple secretions may also occur in the presence of an otherwise occult and 
asymptomatic cancer of ducts of the breast. The chief value of cytologic examination 
of nipple secretions lies in the diagnosis of 
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such cancers. The procedure should be confined to those patients who have no 
palpable masses in the breast or other evidence of breast cancer. If there is a clinical or 
mammographic suspicion of cancer of the breast, other methods of diagnosis (as discussed in 
the opening pages of this chapter) should be applied. 

Techniques of Cytologic Examination 

The original approach to the cytologic examination of nipple secretions was a simple touch 
preparation in which a clean glass slide is applied to the nipple and a smear of the fluid is fixed 
and processed with Papanicolaou stain. Papanicolaou et al (1958) attempted to improve the 
yield of cytology by using a breast pump. Masukawa et al (1975) enhanced the yield by breast 
massage and the use of multiple frosted slides. Currently, various additional modes of 
investigation, including radiologic imaging of breast ducts (galactography) and ductal lavage, 
are available to further investigate the reasons for nipple discharge. The techniques and results 
of these investigative approaches are discussed below. 
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Cytology of Nipple Secretions in the Absence of Cancer 
Normal Breast 

Mitchell et al (2001) studied the cellular components of artificially obtained nipple secretions in 
normal women during the menstrual cycle. The smears contained scanty benign ductal cells, 
regardless of the stage of the cycle. 
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Figure 29-52 Benign cells in nipple secretions. A Foam cells. B,C. Small ductal cells 
forming linear clusters. Note the vacuolated cytoplasm and a foam cell in C. D. Flat sheet 
of benign ductal cells in a 51 -year-old woman receiving estrogens. 



Duct Dilation and Stasis 

Blockage of breast ducts occurs in inflammatory processes or in fibrocystic disease, 
sometimes resulting in an accumulation of sticky, greenish material within dilated ducts. Such 
material may escape from the nipple. Cytologically, the predominant component is the foam 
cell, a fairly large, markedly vacuolated macrophage, some of which may represent a modified 
duct lining cell, as previously discussed (see Fig. 29-13). The nuclei of the foam cells may 
contain prominent nucleoli. The secretions may also contain duct lining cells (singly or in 
compact linear streaks, spherical clusters, or flat sheets). These cells are small, often oval 
or columnar when single, but sometimes somewhat irregular within the papillary clusters (Fig. 

29-52). Cytoplasmic vacuoles are readily observed. The nuclei are similar to those of normal 
ductal cells. Apocrine metaplasia of duct lining is sometimes present. These cells retain 
all the features of apocrine cells in direct aspirates (see Fig. 29-3). In patients with inflammatory 
events, the nipple fluid may show a varying proportion of leukocytes and often varying 
amounts of proteinaceous material. In the presence of necrotic material, which is 
sometimes seen in duct stasis, the presence of a ductal carcinoma should be ruled out (see 
below). 
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Intraductal Papilloma 
Intraductal papilloma is a common disease of the duct system of the breast that may bring 
about nipple secretions, especially if the lesion is located within the main excretory ducts. In 
nipple secretions, cohesive fairly large clusters of otherwise normal duct cells, 
sometimes with vacuolated cytoplasm may be observed (Fig. 29-53A.B). Clusters of 
apocrine cells may sometimes occur. In some patients, however, papillary, spherical clusters 
of large duct cells with cytoplasmic vacuoles, enlarged nuclei and visible nucleoli may 
be present, usually reflecting the presence of a papilloma with atypia (Fig. 29-53C.D). 
Regardless of the degree of nuclear atypia in cell clusters, the diagnosis of breast cancer 
should be made with extreme caution in the absence of single cancer cells. The 
prognosis for most papillary lesions is very favorable, despite cellular abnormalities. Histologic 
examination of tissues is advisable in all cases. It must be pointed out that the association of 
nipple adenomas with breast cancer has been repeatedly observed (Bhagavan et al, 1973). 
A cytologic presentation of papillomas in ductal lavage specimens is shown in Figure 29-58. 

Other Rare Benign Findings 

Lahiri (1975) observed microfilariae in nipple secretions. Masukawa (1972) observed calcific 
concretions and fungal organisms in filamentous and yeast forms. A case of tuberculosis of 
the breast with nipple secretions is illustrated in Figure 29-9C. 




Figure 29-53 Nipple secretions, papillomas. A Cohesive clusters of benign ductal cells 
without distinguishing features. B. Histologic section of corresponding papilloma, located in 
one of the principal ducts in a 62-year-old woman. C. Papillary cluster of cells (high 
magnification). The cells are vacuolated and show nucleoli. D. Histologic section showing 
a somewhat atypical papilloma. (Also see Fig. 29-58.) 



Nipple Secretions in Breast Cancer 

It has been determined in several large studies that bloody nipple secretions are more likely 
to contain cancer cells compared to other types of secretions. Still, other types of secretions 
cannot be ignored even though there is a lower probability of a cancer diagnosis. Ciatto et al 
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(1986), who studied nipple secretions in 3,867 women, observed that the prevalence of cancer 
was 3.96% in patients with bloody nipple discharge, 0.83% in patients with purulent discharge, 

0.16% in patients with serous discharge, and 0.13% in patients with a milky discharge. Takeda 
et al (1990) reported on cytologic analyses of nipple discharge in 20,537 women. Of 61 women 
with breast cancer, 25 had nipple secretions that were either positive or suspicious for cancer, 
and in 10 of these patients this was the first evidence of disease. Less than one half of the 
nipple secretions were bloody. Similar observations have been reported by Leveque and Priou 
(1990), Johnson and Kini (1991), Das et al (2001), and Dinkel et al (2001). 

Two subtypes of cancer of the breast may be manifested in spontaneous nipple secretions: 
solid or papillary ductal carcinoma, which may be in situ or invasive, and duct carcinoma 
associated with Paget's disease of the nipple. Tumors that yield cells of diagnostic value 
are usually located within the main ducts of the breast. 
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Figure 29-54 Ductal carcinoma in situ (comedo type) in nipple secretions. A-C. 
Poorly preserved cancer cells with large pyknotic nuclei in a background of debris and 
scattered inflammatory cells. D. Corresponding tissue section showing duct carcinoma with 
necrosis (see also Fig. 29-59). 
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Figure 29-55 Two more examples of breast cancer in nipple secretions. A Papillary 
cluster of large cancer cells. B. Corresponding tissue section showing ductal carcinoma in 
situ. C. Large cluster of cancer cells corresponding to invasive carcinoma shown in D. 
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Duct Carcinoma 

In nipple secretions, the cancer cells desquamate singly or in clusters (Figs. 29-54 and 29- 
55). The clusters may be loosely structured, and are sometimes thick or spherical, but 
may show a relatively orderly arrangement of cancer cells in papillary clusters (Fig. 29- 
55A). The features of cancer cells in nipple secretions are the same as in direct aspirates, 
except that necrosis is quite common in high-grade lesions, particularly in ductal 
carcinoma (in situ comedo type), and may result in poorly preserved cancer cells with 
large, dark nuclei and frayed cytoplasm (see Fig. 29-54). 

A diagnosis of cancer of the breast in nipple secretions should be made only on the 
basis of irrefutable evidence, and preferably in the presence of single cancer cells. If 

the evidence is questionable, other methods of investigation must be suggested before therapy 
is instituted. 
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Figure 29-56 Atypical hyperplasia of ducts in nipple secretions. A-C. High 
magnification to show dense clusters of markedly atypical ductal cells with enlarged, 
hyperchromatic nuclei. There were no single abnormal cells in the smear. D. 
Representative histologic field of breast biopsy showing a markedly atypical configuration 
of epithelium. It may be argued whether this is an atypical hyperplasia or ductal carcinoma 
in situ. 



Atypical Hyperplasia of Ducts 

On rare occasions, nipple secretions may contain compact clusters of highly abnormal 
ductal cells with large hyperchromatic nuclei that do not correspond to classic duct 
carcinoma on histologic review of ample biopsy material. A case in point is that of a 38-year-old 
patient with bloody nipple discharge (shown in Figure 29-56). The histologic lesion in this case 
was an atypical hyperplasia of ducts, presumably a precancerous lesion; however, to my 
knowledge, this patient did not develop breast cancer during several years of follow-up. A 
similar case, diagnosed in ductal lavage, is illustrated in Figure 29-59. For further comments on 
atypical ductal hyperplasia, see above. 



Paget's Disease of the Nipple 



Clinical Presentation and Histology 

In this form of cancer of the breast, there is involvement of the nipple, which appears red on 
inspection and clinically may suggest an allergic reaction or an inflammatory lesion. 
Paget's disease is usually unilateral, whereas the benign skin disorders usually affect 
both breasts. Histologically, the epidermis of the nipple is permeated with large, clear 
cancer cells (Paget's cells) (Fig. 29-57B). In most cases, there is an underlying duct 
carcinoma that is 
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often remote from the nipple. We have also observed a case of Paget's disease in which the 
underlying lesion was a lobular carcinoma in situ (not shown). Whether Paget's disease is an 
epithelial disorder caused by the underlying cancer, or an actual repository of cancer cells 
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traveling to the epidermis of the nipple via periductal lymphatics, as suggested by Toker (1967), 
remains an unresolved mystery. The prognosis of Paget's disease of the nipple depends 
entirely on the type and stage of the underlying breast cancer (Ashikari et al, 1970). 




Figure 29-57 Paget's disease of the breast. A The large opaque cell in the center is a 
Paget cell that is surrounded by keratinized debris. At the periphery, there is a cluster of 
small cancer cells. B. Paget's disease of the nipple, showing the characteristic clear cells. 
C. Duct carcinoma in nipple secretions in Paget's disease. D. Mammary carcinoma 
corresponding to C. (A Courtesy of Dr. G. Canti, London, UK.) 



Cytology 

Touch preparations or scrapes of the nipple lesion may disclose the presence of large 
Paget's cells in the company of epidermal cells or sometimes conventional cancer cells (Fig. 29- 
57A). Some cases of Paget's disease of the breast may be accompanied by nipple 
secretions, which may show duct cancer cells (Fig. 29-57C.D). We have not observed 
Paget's cells in nipple secretions. Kobayashi et al (1997) reported a case of pemphigus 
vulgaris of the nipple masquerading as Paget's disease. 

Detection of Occult Breast Cancer in Nipple Secretions and Ductography 

Unfortunately, nipple secretions, whether spontaneous or obtained by a special breast pump, 
are not a very efficient means of detecting occult carcinoma of the breast. Papanicolaou 
et al (1958) attempted to diagnose occult breast cancer by cytologic examination of nipple 
secretions obtained by breast pump. Only one case of breast cancer was identified in 917 
asymptomatic patients. Better results were reported by Masukawa (1975), who advocated the 
use of direct nipple touch preparations with multiple frosted slides. Sartorius (1977) devised 
a nipple aspiration apparatus that obtained breast fluid by means of a double vacuum 
system. He reported that a sufficient amount of nipple fluid for cytologic examination was 
obtained in approximately 55% of all women examined, but in only 30% of women younger than 
20 and older than 60 years of age. In a group ofwomen classified as a “high-risk group” 
because of a family history of breast cancer, the rate of “atypical” cells was higher than in 
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normal women. Malignant cells were observed in 49 patients with documented breast 
cancer, including seven with lesions smaller than 0.8 cm in diameter, with no clinical or 
mammographic evidence of disease. In these patients, the disease was localized by 
injection of contrast medium into the ducts (contrast ductography). It appears that the nipple 
aspiration method devised by Sartorius can contribute to the detection of early breast cancer. 

Similar conclusions were reached by Wunderlich (1977). 

Ductography was applied on a fairly large scale for the follow-up of women with nipple 
discharge and no evidence 
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of abnormalities by Cardenosa and Eklund (1991) and Dinkel et al (2001), with interesting 
results. In Dinkel et al's study, only 10 of 153 patients (6.3%) with duct abnormalities were 
shown to harbor carcinomas. Currently under development is fiberoptic ductoscopy, which 
allows a direct visualization of the intraductal lesions, and which, according to Shen and Dietz 
(2001), is the most accurate method for diagnosing intraductal lesions. Cytology of nipple 
secretions cannot be considered a replacement for other methods of breast cancer detection, 
such as mammography or ultrasound, but it occasionally may contribute to early diagnosis. 




Figure 29-58 Examples of typical and atypical ductal papillomas of breast in ductal lavage. 
A Large papillary cluster of normal ductal cells, with cytoplasmic vacuole (arrow). B. 
Corresponding histologic field showing duct papillomatosis. C. Complex papillary cluster 
with enlarged nuclei. The arrow points to a cytoplasmic vacuole, characteristic of 
papilloma. D. Histologic section of a breast showing extensive ductal papillomatosis and 
atypical ductal hyperplasia. (Case courtesy of Dr. B.-M. Ljung, San Francisco, CA) 



DUCTAL LAVAGE 

Contributed by Dr. Britt-Marie Ljung 

The development of a novel two-way microcatheter makes it possible to lavage individual 
breast ducts through their openings in the nipple. Ductal lavage is currently limited to women at 
high risk of breast cancer because of a history of the disease in the opposite breast, breast 
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cancer in close female relatives, or mutations of BRCA genes I and II (Dooley et al, 2001; 
O'Shaughnessy et al, 2002; personal communication from Dr. B.-M. Ljung). The procedure is 
performed under local anesthesia and is limited to women who produce nipple fluid after 
breast massage with a suction cup. The duct to be investigated is identified by a droplet of 
residual fluid on the surface of the nipple. A catheter is introduced into this duct for a distance 
of about 1 .5 cm. A small amount of additional anesthetic is then injected, followed by a small 
amount of saline that is instilled and reaspirated. The collected fluid specimens have many 
features in common with nipple aspirates (Sartorius, 1977) (see above), but are much richer in 
cells, averaging about 13,500 per specimen (Dooley et al, 2001). The specimens are classified 
according to the guidelines of the National Cancer Institute Consensus Conference (1997) for 
aspiration biopsies (see above). 

In women whose duct fluid shows cancer cells, the lesion is localized and treated. Other 
patients are followed on the assumption that women with atypical epithelial cells, in either nipple 
aspirate or duct lavage fluid, are at high risk for developing mammary carcinoma in the future 
(Wrensch et al, 1992, 1993). 

Cytology 

Normal benign specimens typically show epithelial cells, singly and in well organized 
clusters. The single columnar 
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duct cells have a well-preserved cytoplasm. The nuclei in single cells are small and oval, and 
have condensed chromatin. Clusters of normal epithelial cells are organized in “honeycomb” 
layers surrounded by myoepithelial cells. The nuclei of the epithelial cells are open, with evenly 
dispersed chromatin and small single nucleoli; however, very small, condensed nuclei may also 
be seen (see Fig. 29-2C). The myoepithelial cells have small, condensed oval nuclei (see 
Fig. 29-5). It is not unusual to see rather complex three-dimensional clusters consistent with the 
architecture of a lobular unit (see Fig. 29-4A). The appearance of normal breast epithelium in 
clusters is very similar to that seen in FNA specimens. Nonepithelial cells account for an 
average of 50% of the cells in ductal lavage specimens. Most of these cells are foam cells, 
other macrophages, and lymphocytes. 
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Figure 29-59 An example of mammary ductal carcinoma in situ in ductal lavage. A Poorly 
preserved cancer cells (arrow) in the background of necrosis. B. Abetter-preserved cluster 
of cancer cells (arrow). C,D. Lower- and higher-magnification views of the corresponding 
breast tissue showing a high-grade DCIS. (Case courtesy of Dr. B.-M. Ljung, San 
Francisco, CA) 



Papillomas show characteristic features, including cell clusters with papillary architecture, 
moderately enlarged nuclei of variable sizes, mild to marked hyperchromasia, and sometimes 
irregular nuclear membranes. Abundant, dense, well defined cytoplasm is typical, and the 
cytoplasm frequently features large, prominent vacuoles (Fig. 29-58AB). 

The lavage specimens may show varying degrees of atypia, in a manner similar to reported 
findings on nipple aspirates associated with an increased risk of developing breast cancer 
(Wrensch et al, 1992, 1993). The atypical cells show varying degrees of nuclear 
enlargement, hyperchromasia, and irregular nuclear membranes. Enlarged and 
multiple nucleoli, as well as an increased nucleocytoplasmic ratio, may also be seen. 
Architectural abnormalities, including multilayered, crowded clustering; lack of 
myoepithelial cells; and papillary formations are also signs of abnormal epithelial cells. 

Breast biopsies in such cases may disclose atypical ductal hyperplasia (see Fig. 29-58C,D). 

Carcinomas 

In a small subset of cases, frankly malignant cells are identified. These cells have features 
in common with breast cancer in other settings, including hyperchromasia, significant nuclear 
size variability and overall enlargement, variable or high nucleocytoplasmic ratios, and irregular 
multilayered architecture. Myoepithelial cells are absent in the case of high-grade DCIS (Fig. 

29-59), and there is usually evidence of necrosis in the form of nuclear debris. 

The full clinical significance of ongoing studies of ductal lavage as a technique that may 
contribute to early breast cancer diagnosis, and thus salvage lives, may not be evident for 
several years (O'Shaughnessy et al, 2002). 

It was recently suggested that nipple aspirate fluid can be used for proteomic analysis, which 
can differentiate between normal breast and cancer (Paweletz et al, 2001). Cells from this fluid 
are suitable for immunocytochemistry (King et al, 2002) and molecular analysis by PCR 
(Evron et al, 2001). 
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The Thyroid, Parathyroid, and Neck Masses Other Than Lymph 
Nodes 

Miguel A. Sanchez 
Rosalyn E. Stahl 

THE THYROID 

Biopsy Principles and Techniques 

The primary objective of fine-needle aspiration biopsies (FNAs) of the thyroid is to select 
those patients who require surgery for a neoplastic disorder from those who have a 
functional or inflammatory abnormality and who can be followed clinically or treated 
medically (Poller et al, 2000; Werga et al, 2000; Carpi et al, 1996, 1999; Mazzaferri, 1993; 

Cohen and Choi, 1988; Einhorn and Franzen, 1962; Soderstrom, 1952). Children and 
adolescents should not be excluded because they may also harbor malignant tumors (recent 
summary in Khurana et al, 1999). 

The clinical evaluation of a thyroid mass includes radioiodine scanning (scintiscan), ultrasound 
and biochemical or immunologic thyroid function tests. However, for palpable lesions of the 
thyroid, this initial work-up is often of limited value. Although most thyroid tumors are “cold” on 
scintiscan (i.e., do not absorb radioiodine), some are not, but not all “hot nodules” represent 
functional abnormalities. Eighty per cent of ultrasounds describe the thyroid masses as 
“partially solid and partially cystic,” which does not contribute to the diagnosis. Thyroid function 
tests are usually 
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normal in tumors. Therefore, our approach in evaluating a palpable thyroid mass is to 
begin with fine-needle aspiration biopsy, which we found to be a safe procedure as have 
many others (Castro and Gharib, 2000; Werga et al, 2000; Mazzaferri, 1993; Gagneten et al, 

1987; Rojeski and Gharib, 1985; Lowhagen and Willems, 1981; Wang et al, 1976; Lowhagen 
and Sprenger, 1974). Using this approach, we have performed approximately 10,000 fine- 
needle aspiration biopsies of the thyroid, most guided by palpation and the others under 
ultrasound guidance. 

The use of scintiscanning and ultrasound is not to be dismissed, however, because in individual 
patients, these tests may complement FNA(Baloch et al, 2000; Tambouret et al, 1999; Capri et 
al, 1996, 1999; Hagag et al, 1998). For example, scintiscanning may be helpful in differentiating 
a hyperplastic goiter from a follicular neoplasm (see below), whereas ultrasound provides 
accurate measurements of the size of nodules that are not considered as suitable for surgery 
and are followed clinically. Measurement of serum thyroid antibodies, which are not part of 
standard thyroid function tests, is the most useful blood test to confirm the diagnosis of 
Hashimoto's thyroiditis, which may sometimes present as single or multiple thyroid nodules 
(Wong and Wheeler, 2000) (see below). 

We do not recommend routine use of FNA of small, nonpalpable masses found 
incidentally in patients, especially elderly patients, by ultrasound studies of neck performed for 
other reasons, for example, carotid artery studies. Nonpalpable malignant lesions are rare, 
whereas nonpalpable benign thyroid nodules are very common. Even if a small nodule is 
malignant, it usually is a low-grade papillary tumor of questionable clinical importance (Petez et 
al, 2001; Kimoto et al, 1999; Tambouret et al, 1999; Carmeci et al, 1998; Hagag et al, 1998; Lin 
et al, 1997). 

In our work, we prefer to use air-dried smears, stained with Diff-Quik. The advantage of this 
technique is the short preparation and staining time and, despite opinions to the contrary, an 
excellent quality of nuclear features. With this technique, the colloid stains blue and, because of 
air drying, the cells are larger than in rapidly fixed smears. Still, rapidly fixed smears stained 
with Papanicolaou or hematoxylin-eosin are equally valuable and sometimes easier to interpret 
and to compare with histologic material, as illustrated in this chapter (Koss et al, 1992). Yang et 
al (1997, 2001) advocated the use of ultrafast Papanicolaou stain as advantageous in 
recognizing nuclear abnormalities in papillary carcinomas of the thyroid. 

It must be stressed that regardless of method used, interpretation of cytologic material 
from the thyroid is not simple; it requires excellent material and a great deal of 
experience. Contrary to the belief of many clinicians that aspirating the thyroid is an easy and 
simple task, they often commit several cardinal mistakes: the aspirate takes too long and the 
samples are diluted with blood. Other errors include the use of larger caliber needles or "poking 
around the lesion” with the tip of the needle resulting in hemorrhagic necrosis. Therefore, to 
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ensure the best possible quality of smears, the FNA should be performed and interpreted by an 
experienced cytopathologist (Dwarakanathan et al, 1989). 

Aspiration Biopsy Technique 

Aspirations of the thyroid are best performed with 25 or 22 gauge needles by an experienced 
operator, preferably a cytopathologist. The use of larger caliber needles is not 
recommended because they cause more trauma and bleeding and result in unreadable 
bloody aspirates. Similarly, more than one aspiration per nodule does not necessarily 
yield more diagnostic material but rather causes more trauma to the patient. At the 
Englewood Hospital Medical Center, the aspiration biopsies are performed by a pathologist. 

The needle is attached to a 10-cc syringe and a Cameco aspiration gun. The slides are 
prepared, stained, and microscopically evaluated immediately while the patient waits and, only 
if the aspirate is not adequate for accurate diagnosis, is the patient re-aspirated. Thus, the 
number of aspirates can be tailored to the findings in the individual patient and, in most of them, 
one aspiration is adequate to yield a diagnosis (Aguilar et al, 1998). 

The first step in the aspiration is to determine if a neck mass is, in fact, in the thyroid. 

One should palpate the mass while the patient swallows. If it moves with swallowing, it is in the 
thyroid. If not, it is probably a lymph node or another adjacent structure. 

The aspiration is best performed with the patient supine and neck hyperextended. To avoid 
inadvertent displacement of the gland during the biopsy, the patient is instructed to refrain from 
swallowing and speaking, but to continue breathing. After insertion, the needle is rapidly 
moved in and out to sample different parts of the palpable mass. Because the thyroid is richly 
vascularized, the actual aspirate must be performed as rapidly as possible, in about 1 to 2 
seconds to avoid dilution of samples with blood. If cyst fluid is obtained, the aspiration should 
continue so long as the fluid keeps flowing. 

There are usually no untoward effects from a correctly aspirated thyroid. Potential side effects 
include pain, swelling, a hematoma, and acute infection, all extremely rare occurrences. 

Occasionally, an acute infarction of a tumor, most commonly a papillary carcinoma or a 
Hurthle cell tumor, can occur after aspiration (Kini, 1996, Pinto et al, 1996). This can cause 
exquisite pain, and may result in difficulty in histologic diagnosis of tumor in the surgically 
removed specimens (Baloch and LiVolsi, 1999; Ersozet al, 1997; Vercelli-Retta et al, 1997). 

Seeding of tumor cells in the needle track was reported in papillary carcinomas (Karwowski 
et al, 2002; Hales and Hsu, 1990). Two other reports of possible needle track seeding are not 
well documented (Panunzi et al, 1994; Wang et al, 1976). 

Adequacy of Aspiration Biopsy 

The issue of what constitutes an adequate thyroid sample has been a subject of debate for 
several years. Hamburger et al (1989), in a multi-institutional study, declared that six clusters 
of epithelial cells on two separate smears constitute an acceptable minimum of sampling 
adequacy. In many instances, however, this criterion is unrealistic. For example, 
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pure colloid may be consistent with the diagnosis of benign colloid goiter and a pure population 
of macrophages may be diagnostic of a thyroid cyst or pseudocyst in a patient with past history 
of hemorrhage. In neither instance is the presence of epithelial cells required for diagnosis. 

Clearly, the issue depends on the type of lesion (cystic or solid) and the skill of the performer. It 
has been our experience that the latter is paramount. 

Normal Structure of the Thyroid Gland 

Anatomy 

The thyroid gland is located in the neck, anterior to the trachea, and consists of two conical 
lobes connected by the isthmus. Athird, smaller central lobe, the pyramidal lobe, is infrequently 
found. The lobes are divided by fibrous septa into lobules, each containing 30 to 40 follicles. 

The gland is enclosed in a true capsule that may adhere to the trachea and larynx The thyroid 
is richly vascularized and has a high rate of blood flow. 

Histology 

The structural unit of the thyroid gland is the follicle, a closed, approximately spherical space 
lined with epithelial cells that vary in configuration from flat, to low cuboidal, to high columnar 
(Fig. 30-1 C; see Fig. 30-3D). The height and configuration of the thyroid follicular cells reflect, 
to some extent, the functional activity. The cells are flat in inactive follicles and cuboidal or even 
columnar in active thyroid. In hyperthyroidism, the cells are columnar and their cytoplasm 
may be filled with colloid-containing vacuoles. 



2012/3276 



Koss' Diagnostic Cytology & Its Hist(3|6latRclrtegrih^'as^sP§tet5yt'oid, and Neck Masses Other Than Lymph Nodes 




Figure 30-1 Benign thyroid. A Large deposit of colloid surrounded by a few follicular 
cells. B. Pure colloid from a colloid nodule. Note the deep purple color and the “cracking 
artifact” in Diff-Quik stain. C. Histologic section of thyroid removed for colloid goiter 
corresponding to B. D. “C cells" immunostained for calcitonin by immunoperoxidase stain. 



The follicles are filled with colloid, a homogenous eosinophilic substance. Variations in the 
density and staining properties of the colloid can also be ascribed some functional significance; 
thin eosinophilic colloid appears to be associated with functional activity, whereas thick, 
markedly eosinophilic colloid occurs in inactive follicles and in some malignant lesions (Fig. 
30-1A.B). 

For reasons unknown, the follicular cells may be transformed into large cells with eosinophilic 
cytoplasm and large, often hyperchromatic nuclei, known as oncocytes (bulky cells) or 
Hurthle cells (see Fig. 30-8). Such cells were first described by Hurthle in the thyroid of dogs. 

The role of these cells in the pathology of the thyroid is described below. The cytoplasm of 
oncocytes is crammed with mitochondria. 

The thyroid also contains dispersed calcitonin-producing cells or C cells (Fig. 30-ID). 

Calcitonin is a hormone governing the metabolism of calcium and, hence, the skeletal system. 

The C cells may be the source of malignant tumors, known as medullary carcinoma, that may 
also secrete calcitonin, demonstrable by immunostaining (see below). 
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Principal Lesions of the Thyroid 

The principal lesions of the thyroid gland that may be identified in aspiration cytology are as 
follows: 

Cysts 
Goiters 
Colloid goiter 
Thyroiditis 
Acute 

Subacute (deQuervain's) 

Lymphocytic (Hashimoto's disease) 

Riedel's Struma (fibrosing thyroiditis) 

Tumors 

Follicular tumors 
Follicular adenomas 
Follicular carcinoma 
Hurthle cell tumors 
Hurthle cell adenoma 
HUrthle cell carcinoma 
Other carcinomas 
Papillary and its variants 
Medullary 

Anaplastic (large- and small-cell types) 

Malignant lymphomas 
Rare malignant tumors 
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Metastatic tumors 

It should be emphasized again that, although very specific diagnoses can be made by FNA, the 

main purpose of the fine needle aspiration is to determine if the patient has a primary 
thyroid tumor, whether benign or malignant, requiring surgical excision, or has a 
nonneoplastic condition, such as a goiter or thyroiditis, which can be treated medically. 

Large benign goiters, obstructing adjacent organs or disfiguring cosmetically, may require 
surgical intervention, regardless of cytologic findings. Statistical evidence strongly suggests 
that the use of aspiration biopsy has markedly reduced the total number of 
thyroidectomies, whereas the proportion of carcinomas in the surgically treated 
population has increased significantly (Koss et al, 1992). 

Clinical Findings 

Most patients are referred for FNA because of thyroid enlargement or the presence of a nodule 
or nodules. For reasons unknown, most patients are females. Age is not important because 
malignant lesions may occur in the very young and very old. Flowever, it is important to know 
how long the abnormality has been present and whether its growth was slow, rapid, or sudden. 

This information may be of diagnostic significance because slowly growing multiple nodules or 
masses are less likely to be malignant than a more rapidly enlarging solitary nodule. Asudden 
increase in the size of the nodule suggests a hemorrhage. Still, none of these observations are 
conclusive and judgmental errors may occur in all situations prior to sampling of the lesion(s). 

The Painful Thyroid 

Of particular interest is the clinical observation of a thyroid illness presenting with pain as a 
primary complaint. In our experience, the differential diagnosis of a painful thyroid nodule in the 

young or middle-aged patient includes: 

• Acute thyroiditis 

• Cyst with acute hemorrhage 

• Subacute or De Quervain's thyroiditis 

• Infarcted Hurthle cell tumor (rare) 

■ Flashimoto's thyroiditis 

In the elderly, a very painful thyroid nodule, or diffuse tenderness, should alert one to the 
possibility of an anaplastic carcinoma. 

Goiters 

The terms goiter or struma denote any enlargement of the thyroid gland, which may be 
diffuse or nodular. The three most common types are the colloid goiter, inflammatory goiter 
or thyroiditis, and neoplastic goiter caused by benign or malignant tumors. 

Colloid Goiter 

Synonyms: Adenomatous goiter, diffuse or nodular goiter, endemic goiter, multinodular goiter. 
Histology 

Colloid goiter is usually caused by hyperplasia of the thyroid gland induced by iodine 
deficiency. Its histologic appearance varies with the developmental stage of the disease, in the 
early stages, the changes are bilateral and there is a diffuse enlargement of the gland, made up 
of small follicles. Later on, some of the follicles may become distended and may coalesce to 
form nodules, with diameters ranging from less than 1 mm to several centimeters. 

Degenerative changes, such as hemorrhage, necrosis, cysts (actually pseudocysts) and 
scar formation, often occur in the nodules. The process may involve the entire gland or it may 
occur focally and produce a solitary nodule. On the scintiscan, such change is often labeled a 
“cold nodule,” which is difficult to distinguish from a true neoplasm. For this reason, the 
colloid goiter is the lesion most often referred for aspiration. 

Cytology 

The make-up of a needle aspirate from colloid goiter depends on the type of the lesion. The 
aspirate may be solid, semisolid, or fluid. Solid or semi-solid aspirates often consist of amber 
colored colloid which, in Papanicolaoustained smears, appears as pink homogeneous 
material, usually surrounded by a few follicular cells (see Fig. 30-1 A) and in Diff-Quik-stained 
smears, appears bluish-violet. On drying, the colloid may form a typical cracked geometric 
pattern (see Fig. 30-1 B). This type of colloid is derived from distended inactive follicles 
containing dense central colloid (see Fig. 30-1 C). Occasionally, aspirates of colloid goiters yield 
smears of almost pure colloid with few follicular cells and/or macrophages. Although 
such smears do not meet the proposed criteria of adequacy because they contain very few 
follicular cells, they are, in our experience, diagnostic of colloid goiter. 
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In most cases, however, the smears also contain small cuboidal follicular cells, occurring 
either singly or in flat sheets wherein the small, spherical nuclei are evenly spaced and 
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honeycomb-forming cytoplasmic borders may sometimes be recognized (Fig. 30-2A). “Naked” 
follicular cell nuclei are often seen scattered throughout the smear and should not be 
confused with lymphocytes, which they resemble (Fig. 30-2B). The nuclei of lymphocytes 
are usually slightly smaller and upon close inspection, usually are surrounded by a very thin 
rim of blue cytoplasm, at least on one side of the cell. Sometimes entire follicles may be seen 
in the form of spherical clusters of cells, sometimes with a central deposit of colloid (Fig. 30-3). 

Swedish observers consider squashed follicles, wherein cell borders cannot be clearly seen as 
“syncytial balls” and characteristic of colloidal goiter (Fig. 30-3C). In posthemorrhagic 
nodules or cysts, numerous macrophages, usually containing phagocytized hemosiderin 
granules, may be observed (Fig. 30-4). 

An important source of error is clusters or sheets of spindle-shaped cells of the fibroblastic 
type. This finding suggests that fibrosis has occurred within the goiter. Sometimes, young, 
growing fibroblasts from an area of active fibrosis are markedly atypical, with enlarged, 
irregularly outlined nuclei that may contain large nucleoli and abundant basophilic 
cytoplasm with multiple cytoplasmic extensions (Fig. 30-5). Mitotic figures may also occur. 

The atypical fibroblasts may be mistaken for malignant cells and must be interpreted within the 
context of the clinical situation and other cytologic findings. It is of note that, very rarely, 
exuberant fibrosis may also occur in papillary thyroid carcinomas (Chan et al, 1 991 ; Us- 
Krasovecand Golough, 1999). 

Afairly high proportion of aspirations in colloid goiter yield variable amounts of fluid which 
usually indicates degenerative cystic changes (see below). The fluid may be clear, yellow, or 
brown in color, the latter indicative of a prior hemorrhage. Although the microscopic examination 
of the cyst fluid is seldom useful, it is mandatory because, occasionally, cystic thyroid 
carcinomas may masquerade as cystic goiters. 

Over time, goiters often become nodular, sometimes in the form of a solitary nodule, usually 
arising from focal hyperplasia. Such nodules, often of adenomatous nature, usually cannot 
be reliably differentiated on clinical or ultrasonographic grounds from a “true” adenoma or 
carcinoma. As a general rule, smears from nonneoplastic nodules contain much colloid 
and few cells. By contrast, in aspirates from neoplastic lesions, there is little colloid and 
numerous cells. Flowever, on rare occasions, aspirates of hyperplastic adenomatous 
nodules are also very cellular and may be very difficult to interpret. Certain features of 
the smears are sometimes helpful. Thus, the follicular cells tend to form a dispersed pattern in 
adenomatous goiter, rather than tight clusters or rosettes as in true adenomas. Also, “balls” of 
follicular cells, representing squashed whole follicles (see Fig. 30-3), are more characteristic 
of colloid goiter than of follicular adenomas. One has to gauge all these features in order to 
arrive at a correct interpretation. Although most cases are straightforward, the distinction 
between a hyperplastic adenomatous nodule and follicular neoplasm can be difficult, 
as it is in histological sections(Zacks et al, 1998; Busseniers and Oertel, 1993). In such 
cases, the interpretations and recommendations may include a course of suppression therapy 
with exogenous thyroid hormones or repeat FNA If the mass does not regress, a surgical 
removal must be considered. In such a case, a scintiscan may be helpful. If the mass is “cold,” 
one would favor surgery rather than medical therapy, since a “cold" nodule would more 
likely be a true tumor. 



Histology 

Cystic lesions constitute 10% to 30% of all thyroid nodules, depending on the population 
studied. Nearly all thyroid cysts are pseudocysts that develop in nodular goiters or in 
adenomas as a consequence of degenerative tissue break-down or a hemorrhage. 

Pseudocysts are usually formed by fusion of adjacent distended follicles. They are usually lined 
by flattened or cuboidal cells of thyroid epithelium and may undergo focal squamous 
metaplasia. The very uncommon true cysts derived from the remnants of the thy roglossal 




Figure 30-2 Benign follicular cells. A. Follicular cells forming flat sheets with 
“honeycomb” pattern. B. Clusters of normal follicular cells with many dispersed cells in the 
background. 



Cysts 
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duct are located in the midline, usually above the thyroid, and are lined by either cylindrical or 
squamous epithelium (see below). Acase of an intrathyroid lymphoepithelial cyst of probable 
branchial origin was described by Apel et al (1994). It must be stressed that some malignant 
tumors, particularly papillary carcinomas, are often partly cystic. 




Figure 30-3 Thyroid follicles in benign goiters. A Several colloid-filled follicles with 
dispersed follicular cells in the background. B. Left, An entire three-dimensional thyroid 
follicle. Right, Broken up follicle with a small deposit of colloid in the center. C. Tightly 
packed, compact thyroid follicle, commonly observed in benign colloid goiters. Note the 
abundant cytoplasm seen under high magnification with Diff-Quik stain. The term “syncytial 
balls” has been attached to this formation. D. Histologic section of colloid goiter. Note the 
variability in the size of the acini. (C: Courtesy of Dr. Sixten Franzen, Stockholm, Sweden.) 



Cytology 

Depending on their size, aspirated cysts or pseudocysts of the thyroid yield a few drops to 
several milliliters of fluid that may be clear, turbid, yellow, brown, or bloody. Preparation of 
smears may require centrifugation of the fluid. The smears of fluid aspirated from a cyst with a 
recent hemorrhage contain mainly blood and clusters of well-preserved follicular cells. In 
cysts aspirated some weeks after the hemorrhage, the few follicular cells may show 
degenerative nuclear changes in the form of smudging or hyperchromasia and are 
accompanied by hemosiderin-laden macrophages and by inflammatory cells (see Fig. 30-4). 
Hemosiderin stains blue or black on Diff-Quik stain and brown in Papanicolaou stain. The 
sediments of the clear or yellowish fluids obtained from old hemorrhagic cysts usually contain 
only a few macrophages. 

In degenerative cysts, the smears are usually characterized by numerous macrophages 
with foamy cytoplasm, containing cell debris (see Fig. 30-4A) that may be accompanied by 
few inflammatory cells. Occasionally, a few clusters of follicular cells may be found in the 
smears. 

If after aspiration of the cyst content, no residual palpable lesion is found, further therapeutic 
procedures may be avoided. In contrast, if after the evacuation of the fluid, a palpable 
lesion remains, the aspiration should be repeated in order to rule out the possibility of 
a tumor masquerading as a cyst. In the sediment of the fluid aspirated from cystic papillary 
carcinoma, calcified psammoma bodies may be observed as the only abnormality. 

Thus, the presence of calcified particles in cyst fluid should be interpreted with great 
caution and mandates further exploration of the lesion. Other unusual cytologic findings, such 
as the presence of compact clusters of follicular cells, also deserve attention, as they may 
signal the presence of a thyroid neoplasm. 

Thyroiditis 

Thyroiditis, or inflammation of the thyroid gland, comprises a large group of diseases that range 
from acute suppurative 

P.1154 

thyroiditis to chronic inflammatory processes. The term also includes a number of transient 
disorders such as postpartum thyroiditis and drug-induced thyroiditis (recent review in 
Pearce et al, 2003). Only the common forms of thyroiditis should be sampled by FNAand they 
are discussed below. 
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Figure 30-4 Macrophages in colloid goiter. A A macrophage containing in its cytoplasm, 
numerous fragments of clear material, most likely fat. B. Numerous large macrophages with 
faintly vacuolated cytoplasm next to sheets of follicular cells. C. Hemosiderin containing 
macrophages from a hemorrhagic cyst of the thyroid. D. Follicle filled with colloid 
containing numerous macrophages. (AC: High magnification; B: Diff-Quik stain.) 



Acute thyroiditis is uncommon. It presents as an erythematous, markedly tender, diffuse 
process involving the thyroid accompanied by fever and generally does not represent a clinical 
diagnostic challenge. The aspiration biopsy, very rarely performed, yields follicular cells, 
neutrophiles, and macrophages. Sodhani (1989) reported the presence of microfilariae in 
such a case. 




Figure 30-5 Fibrous reaction in colloid goiter. A Cluster of elongated cells, 
corresponding to fibroblasts. B. Numerous elongated cells, some with giant nuclei, in 
reactive fibrosis in a thyroid scar. (A Diff-Quik stain; B: high magnification.) 
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Figure 30-6 Subacute thyroiditis. The smear contains a large multinucleated giant cell 
surrounded by debris. (Diff-Quik stain.) 



With the onset of AIDS, thyroiditis caused by the parasite pneumocystis carinii has been 
observed (Guttler and Singer, 1988). Several cases of this disease were diagnosed by 
aspiration cytology of the thyroid (summary in Keyhani-Rofagha and Piquero, 1999). The 
morphology of the parasite is discussed at length in Chapter 19. 

In granulomatous (subacute, de Quervain's) thyroiditis, the thyroid is slightly to moderately 
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enlarged and tender on digital examination. The patient frequently gives a history of a recent 
upper respiratory infection or a viral syndrome. The aspirate contains follicular epithelial 
cells, epithelioid cells, and giant cells of Langhans' type, together with lymphocytes, 
plasma cells, and occasionally some granulocytes (Fig. 30-6) (Shabb et al, 1999; Garcia Solano 
et al, 1997; Lowhagen and Willems, 1981). 

Hyperthyroidism 

Hyperthyroidism, known in its classical form as Graves' disease, consists of a goiter, 
exophthalmos, tremor, and flushed skin. It can be associated with a diffuse goiter or a single 
hyperplastic thyroid nodule. Aspiration biopsies are practically never performed in diffuse toxic 
goiter but may be performed on solitary nodules. 




Figure 30-7 Hyperthyroidism (Graves' disease). A Follicular cells with eosinophilic 
cytoplasmic vacuoles in Diff-Quik stain, characteristic of hyperthyroidism. The term “flare 
cells” has been often attached to this phenomenon. B. Section of thyroid in 
hyperthyroidism, showing scalloped colloid and tall, vacuolated follicular cells. 



Aspirates of untreated hyperplastic thyroid may contain a small number of large follicular 
cells with slightly enlarged nuclei and abundant cytoplasm with large round vacuoles of 
variable sizes containing deposits of colloid. In Diff-Quik and other hematologic stains, the 
cytoplasmic deposits of colloid stain bright red, hence the name “flare cells” (Fig. 30-7). Such 
cells occur singly or in small clusters, but rarely in large sheets (Myren and Sivertssen, 1962). 

Centeno et al (1996) noted scarring of the thyroid and subsequent problems of interpretation of 
aspirates from patients treated with radioactive iodine for Graves' disease. 

Lymphocytic Thyroiditis or Hashimoto's Disease 

Clinical Data and Histology 

This is the most common form of thyroiditis observed in clinical practice. It most often affects 
middle-aged women and is thought to be an autoimmune disease. Antithyroid antibodies 
are often elevated in this condition and thyroid function may be reduced, normal, or elevated. 

Both lobes of the thyroid are usually affected, diffusely enlarged and firm, but asymmetry may 
occur, with localized nodular enlargement (Wong and Wheeler, 2000). In histologic sections, 
the thyroid is infiltrated with lymphocytes that may also form lymph follicles with germinal 
centers (see Fig. 30-8D). The acini are often destroyed or atrophic (see Fig. 30-9D). A major 
component of the disease is the presence of oncocytes (Hurthle cells). The oncocytes 
may line glandular structures or form solid sheets of various sizes. The characteristic features 
of oncocytes, namely, abundant, eosinophilic, granular cytoplasm and large, often 
pyknotic nuclei of variable sizes, are usually well represented in Hashimoto's thyroiditis (see 
Fig. 30-9C.D). Sometimes the Hurthle cells appear as single large cells in otherwise normal 
follicular epithelium. The term Askanazy cells is sometimes used to describe this feature. 

Rarely, psammoma bodies may be seen in Hashimoto's thyroiditis (Dugan et al, 1987). 

Thyroid carcinomas and malignant lymphomas 
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may occur in Hashimoto's thyroiditis. There is a misperception that malignant lymphoma is 
the most common tumor seen in Hashimoto's thyroiditis. In fact, from 5% to 10% of patients with 
this disease will develop papillary carcinoma, and less than 1% develop malignant lymphoma 
(Carson et al, 1996). 

A recently described clinical entity known as subchemical hypothyroidism with antibody- 
negative chronic thyroiditis, usually occurs in women with symptoms of fatigue, malaise, and 
hair loss (Wikland, et al, 2003; Wikland et al, 2001). These women often have negative physical 
examinations and medical work-ups, but are found to have chronic thyroiditis on FNA of their 
thyroid gland, if the astute clinician considers it in his or her differential diagnosis. The 
symptoms usually respond dramatically to oral levothyroxine. 

Cytology 

The aspiration smears are characterized mainly by the presence of a mixture of 
lymphocytes and oncocytes or Hurthle cells in various proportions. In some cases, the 
aspirates are dominated by lymphocytes at various stages of maturation, and the smear may 
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resemble an aspirate of a hyperplastic lymph node (Fig. 30-8A). Further search will usually 
reveal the presence of oncocytes and scattered follicular cells in clusters (Fig. 30-8B). We 
have observed a case of Flashimoto's disease in which the pattern was mistaken for a 
metastatic carcinoma to lymph node (Koss et al, 1992). In other cases, the presence of 
oncocytes is dominant. In aspirates, these large cells form sheets or gland-like structures. 

The striking, abundant, eosinophilic and granular cytoplasm and the variability in nuclear 
sizes are characteristic (Fig. 30-9A.B). Sometimes the nuclei contain fairly large nucleoli, 
and, very rarely, intranuclear cytoplasmic inclusions (see Fig. 30-8C). Because of nuclear 
abnormalities, these cells can be mistaken for malignant cells. On further search, lymphocytes 
and follicular thyroid cells can be observed. On rare occasions, the follicular cells in 
clusters may mimic a papillary carcinoma (MacDonald and Yazdi, 1999). Still less common 
is the presence of psammoma bodies (Dugan et al, 1987). These, fortunately very rare findings, 
may lead to an erroneous diagnosis of papillary carcinoma. 




Figure 30-8 Hashimoto's thyroiditis. A Smear pattern with lymphocytic predominance. 
The lymphocytes are in various stages of maturation. This pattern may be misinterpreted 
as a malignant lymphoma. B. Scattered lymphocytes and large FHurthle cells. C. A Hurthle 
cell showing an intranuclear cytoplasmic inclusion. D. Histologic pattern of Hashimoto's 
thyroiditis showing lymphocytic deposit and follicles lined by eosinophilic Hurthle cells. 
(AB: Diff-Quik stain.) 



As a general rule, the cytologic features of Hurthle cells in Hashimoto's thyroiditis can be 
differentiated from a Hurthle cell tumor. In thyroiditis the oncocytes are large, atypical, and 
pleomorphic, whereas Hurthle cell tumors usually show monotonous cells, as is the case 
in histologic sections (see below) (Chen et al, 1998; Ravinsky and Safneck, 1988). 
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Further, the presence of abundant lymphocytes is very uncommon in Hurthle cell tumors. 




Figure 30-9 Hashimoto's thyroiditis. AB. Hurthle cells stained with Diff-Quik [A) and, 
after fixation, with Papanicolaou stain (B). The difference in size of the cells in the two 
modes of smear preparation is well shown. Note the variability in the sizes of the nuclei in 
the benign Hurthle cells. C. Section of the thyroid gland in Hashimoto's disease showing 
lymphocytic infiltrate and Hurthle cells lining the adjacent acini. D. Section of the thyroid 
with follicular atrophy in Hashimoto's thyroiditis. 



The recognition in cytologic samples of either carcinoma or lymphoma, occurring in 
Hashimoto's thyroiditis, may be exceedingly difficult. If a carcinoma is suspected, a surgical 
biopsy should be suggested. If a lymphoma is suspected, flow cytometry studies performed 
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on the aspirate may help in determining a definitive diagnosis without having to resort to 
surgery. 

Riedel's Struma 

Riedel's struma is a sclerosing inflammatory disorder of the thyroid gland, sometimes 
associated with a similar tissue reaction in the mediastinum, retroperitoneum, and orbit. On 
aspiration, the thyroid gland feels very rubbery or firm and the yield from a needle aspiration is 
nil or very scanty, sometimes containing only a few fibroblast-like cells. This disorder must be 
distinguished from infiltrating carcinoma, in which a fairly rich cell population would be 
obtained. 

Neoplastic Lesions 
Classification 

In textbooks and other teaching materials pertaining to the thyroid gland, it is customary to 
separate benign (adenomas) from malignant lesions (carcinomas). However, because the 
histologic and cytologic differences between the benign and malignant variant of the 
follicular cell tumors and Hurthle cell tumors are subtle and the behavior of these lesions 
is usually difficult to predict either on histologic or on cytologic evidence, these lesions will be 
discussed in two categories: follicular tumors and Hurthle cell tumors, comprising both the 
benign and the malignant variants. Other malignant tumors of the thyroid are discussed further 
on. A brief summary of the key cytologic features of the principal types of thyroid neoplasms is 
shown in Table 30-1. 



Follicular Tumors 



Histology 

Follicular adenoma is a benign encapsulated tumor composed of follicular cells without 
invasion of capsule or vessels. Adenomas are, for the most part, composed of smallor 
medium-sized follicles containing variable amounts of colloid (see Fig. 30-1 0D), but can 
be also solid or trabecular. In the latter two forms of adenomas, the follicular cells do not 
produce colloid. Mixed types of adenomas with foci of varied architecture, including foci of 
Hurthle cells, also occur. Significant abnormalities of nuclei in the form of enlargement and 
hyperchromasia may be observed in all types of adenomas. 
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TABLE 30-1 KEY MORPHOLOGIC FEATURES OF DIFFERENTIAL DIAGNOSIS AMONG COMMON THYROID TUMORS 





Clearly 








Comments 


Follicular 


malignant 




Multinucleated 


Psammoma 


and sources 


cells 


Hurthle cells cells Lymhocytes 


Colloid 


giant cells 


bodies 


of error 



Follicular Larger than Scanty 

neoplasms normal in 

numerous 
aggregates; 
coarse 
chromatin 
pattern 



Uncommon, Absent 
except in 
high grade 


Scanty 


Absent 


Rare 


carcinomas 









Follicular 
adenoma 
usually cannot 
be 

distinguished 
from follicular 
carcinoma 



Hurthle cell 


Scanty 


Dominant, 


Uncommon 


tumors 




usually 


in high 






monotonous 


grade 








tumors 



Scanty Scanty Absent Exceptional Hashimoto's 

thyroiditis may 
mimic Hurthle 
cell tumor 



Papillary Clearly Rare 

carcinoma enlarged, 

follicular 
cells in 3 
dimensional 
papillary 
clusters; 
ground- 
glass 
nuclei, 
nuclear 
grooves 
and 

cytoplasmic 

nuclear 



In tall cell 


Scanty, 


Condensed 


variant 


except in 


droplets 




Warthin’s 






type 





Common Common Follicular 

variant may 
be confused 
with follicular 
neoplasms 
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inclusions 

Differential 
diagnosis with 
metastatic 
cancer 

Differential 
diagnosis with 
metastatic 
cancer and in 
the presence 
of 

multinucleated 
giant cells 
with subacute 
thyroiditis 
(DeQuervain) 
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Exceptionally, follicular adenomas may be composed of small follicles lined by epithelial cells 
with cytoplasm filled with colloid pushing the small, hyperchromatic nuclei to the periphery 
(signet-ring adenomas). The tumor cells resemble signet ring cells, except for small nuclei 
(Koss et al, 1992). 

Follicular carcinomas are solid tumors of the thyroid that in their well-differentiated form 
are similar to adenomas and are composed of small- to medium-sized follicles, usually 
containing some colloid. The cells lining the follicles may be somewhat larger than normal and 
the individual nuclei hyperchromatic but significant cell abnormalities are rare, and the 
differences between a follicular adenoma and a well-differentiated carcinoma are often 
illusory (see Figs. 30-1 OD and 30-1 1 B). In such cases, only invasion of tumor capsule, 
adjacent thyroid, or blood vessels constitutes evidence of malignant behavior. Even 
under those circumstances, the opinion of experts may differ as to whether the tumor is an 
adenoma or carcinoma (Baloch et al, 2000). DNAploidy determination is not helpful because 
follicular carcinoma may be diploid and follicular adenomas aneuploid (Greenebaum et al, 

1985). Still, even the very well-differentiated carcinomas may form distant metastases 
that morphologically resemble normal thyroid, sometimes described in the past as 
“benign metastasizing struma” (see Fig. 30-13). Tickoo et al (2000) pointed out that, in 
about one-third of thyroid cancers metastatic to the bones, the metastatic deposit may be better 
differentiated than the primary tumor. 



Medullary 

carcinoma 


Incidental 


Absent 


Small, large 
or spindly- 
forming 
amyloid 


Rare 


Absent 


Occasional in 
large cell type 


Absent 


Undifferentiated 

carcinoma 


Absent 


Absent 


Small or 
large 


Absent 




May be 
dominant in 
large cell 
tumor type 


Absent 




Figure 30-10 Follicular neoplasms. A,B. Flat spherical clusters of follicular cells stained 
with MGG. Note the absence of colloid and the somewhat enlarged nuclei, when compared 
with normal acini shown in Figure 30-2. C. One acinar and one solid cluster of follicular 
cells (Diff-Quik). D. Histologic section of a follicular adenoma, corresponding to C. Note 
small follicles containing scanty, pale colloid. 



Less well, or poorly, differentiated follicular carcinomas are a mixture of follicles lined by 
distinctly abnormal cells and solid sheets of neoplastic cells with enlarged, atypical nuclei 
and prominent nucleoli (see Fig. 30-12D). These tumors have a less favorable prognosis than 
the well-differentiated variety. Clear cell carcinomas of the thyroid are variants of follicular 
carcinoma. 

Cytology 
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In general, the aspirates of follicular neoplasms are cellular and have an abundant 
population of cells with little colloid. Smears of follicular adenomas usually contain 
numerous clusters of follicular cells, usually arranged in flat follicular or papillary 
structures or flat, tight aggregates. The tumor cells may also form small, rosette-like 
acinar clusters, containing inspissated colloid (Fig. 30-10). Single follicular cells and nuclei 
stripped of cytoplasm (“naked nuclei”) are scattered throughout the smear. Anisonucleosis 
may be present. The nuclear chromatin is uniformly distributed and the nucleoli are small 
and barely 
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visible. Small, indistinct intranuclear clear inclusions may occur and do not necessarily indicate 
a malignant tumor (see Fig. 30-1 OB). The papillary configuration of some of the colloid-free 
clusters may be reminiscent of papillary carcinoma. Flowever, the clusters in papillary 
cancer are often multilayered and complex and show specific nuclear abnormalities that are not 
evident in follicular tumors (see below). Aspiration smears from follicular carcinomas are also 
highly cellular with little or no colloid. The cells occur primarily in clusters and are often 
arranged in follicle-like structures. Thus, they may closely resemble the cytologic presentation 
of follicular adenoma. In well-differentiated follicular carcinoma, cellular atypia may be 
minimal, and the general impression from the smear may suggest a benign lesion, rather than 
a carcinoma (Fig. 30-11). Therefore, in such cases, the cytologic diagnosis should be 
“follicular neoplasm or tumor,” clearly indicating that surgical excision and histologic 
examination is mandatory for a reliable differential diagnosis between follicular adenoma and 
a well-differentiated carcinoma. 

In less well-differentiated forms of follicular carcinoma, nuclear atypia is present but it rarely 
reaches high levels of abnormality. The nuclei may vary in size and show some 
hyperchromasia (Figs. 30-12Aand 30-13A). Rarely, nuclear pallor and small 
intracytoplasmic nuclear inclusions (nuclear holes) may be noted (Fig. 30-1 3A). Particularly 
valuable is the presence of prominent, large nucleoli within the follicular cells (see Fig. 

30-1 2B). In such cases, the cytologic diagnosis of follicular carcinoma may be justified 
but we still prefer to sign out these cases as “follicular neoplasm-excision 
recommended” because some follicular neoplasms with severe atypia are encapsulated 
and their malignant nature is uncertain. In such cases, the histologic classification may vary 
between “atypical follicular adenoma” and “follicular carcinoma without invasion,” depending on 
the preference of the pathologist. Still, in some of these cases, recurrent or even metastatic 
tumor may be observed, sometimes many years after the removal of the primary (Fig 30-13B). 




Figure 30-11 Follicular carcinoma. A Aggregates of follicular cells with nuclear 
enlargement and small intranuclear cytoplasmic inclusions. The colloid is scanty. B. 
Periphery of the follicular tumor showing invasion of capsule. C. Flistologic section of the 
same tumor composed of sheets of follicular cells with intranuclear cytoplasmic inclusions. 
(A Diff-Quik stain.) 



Hurthle Cell Tumors (Oxyphilic or Oncocytic Adenoma and Carcinoma) 

Histology 

These usually encapsulated tumors are composed of sheets and follicles composed of large, 
eosinophilic Hurthle cells with granular cytoplasm. Intracytoplasmic lumens, containing 
thyroglobulin, have been observed in these cells (Gonzales-Campora et al, 1986). The follicles 
contain little or no colloid (Fig. 30-14D). Nuclear abnormalities in the form of large, irregular, 
hyperchromatic nuclei are common. The configuration of nuclei has no prognostic significance 
because most such tumors are encapsulated 
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and do not recur or metastasize after careful surgical removal. A papillary variant of Hurthle 
cell tumor and a variant of papillary carcinoma composed of Hurthle cells with lymphoid 
stroma (Warthin's-like tumor) are discussed below with papillary carcinomas. Fewer than 
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10% of the Hurthle cell tumors invade the capsule, blood vessels, and adjacent organs 
and, therefore, must be considered malignant (Fig. 30-1 5D). Because of their 
unpredictable behavior, surgical removal of these tumors is the treatment of choice (Nguyen et 
al, 1999). Infarction of these tumors is an infrequent, but known, complication of FNA(Kini, 

1996; Pinto and Mandreker, 1996). 




Figure 30-12 Follicular carcinoma with rapid progression in a 38-year-old man. A 

Cluster of follicular cells showing variability in the nuclear sizes. B. High-power view of the 
tumor cells showing prominent nucleoli within the enlarged nuclei. C. Follicular structure of 
tumor cells. Note the presence of nucleoli. D. Histologic section of the primary tumor 
showing marked nuclear abnormalities. 




Figure 30-13 Follicular carcinoma. A Thyroid aspirate. A cluster of acinar cells with 
central colloid. Nuclear pallor and small intranuclear cytoplasmic inclusions may be 
observed in some of the cells. This cluster could not be identified as malignant. B. Biopsy 
of bone, same patient. Bone metastasis of well differentiated thyroid carcinoma. This is an 
example of the so-called “benign metastasizing struma.” 
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Figure 30-14 Malignant Hurthle cell tumor. A-C. Several examples of Hurthle cells in the 
tumor shown in D. Note the large Hurthle cells and some variability in cell and nuclear 
sizes. D. Section of the Hurthle cell tumor corresponding to A B, and C. (AB: Diff-Quik 
stain; B: high magnification.) 
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Cytology 

In contrast to Hashimoto's thyroiditis, where the Hurthle cells are dispersed or form small 
clusters and show considerable nuclear variability, in Hurthle cell neoplasms, the cells 
are usually of uniform size and shape and form tight aggregates or clusters. Small, 
basophilic cytoplasmic granules are better seen in air-dried smears stained with hematologic 
stains. The nuclei are large, vary in size, and may contain visible nucleoli (see Figs. 30- 
14 and 30-15). Intracytoplasmic nuclear inclusions may be observed (Koss et al, 1992). Galera- 
Davidson (1997) and Yang and Khurana (2001) observed that the presence of 
intracytoplasmic lumens containing thyroglobulins and capillary vessels (named 
transgressing vessels) in aspirates is more likely to occur in the malignant variant of a 
Hurthle cell lesion than in a benign tumor or Hashimoto's thyroiditis. The most important point of 
differential diagnosis of Hurthle cell tumor is Hashimoto's thyroiditis with little or no lymphocytic 
component. 

Papillary Carcinoma and Its Variants 
Clinical Data and Histology 

Papillary carcinomas are the most common malignant tumors of the thyroid, usually presenting 
as a palpable thyroid nodule that does not absorb radioactive iodine and, therefore, is “cold” 
on scintiscan (see Fig. 13-17A). The tumors occur mainly in women but have been observed 
in men and in children, the latter either spontaneous or after exposure to radioactive elements, 
such as the recent Chernobyl disaster (Tronko et al, 1999). 

The histologic structure of these tumors is fairly characteristic: anastomosing, papillary 
branches of the tumor are lined by cells with opaque or clear homogeneous nuclei, 
sometimes showing visible nucleoli. Clear, sharply demarcated, intranuclear cytoplasmic 
inclusions and psammoma bodies are commonly observed. The connective tissue core of 
the tumor branches is richly vascularized (see Figs. 30-1 6D and 30-1 7D). 

This group of tumors may have unusual clinical presentation. Although, in most instances, a 
nodule is observed in the thyroid, the first clinical manifestation of the tumor may be a 
metastasis to a lymph node of the neck from a small, occult primary tumor. Such 
metastases may be cystic. The faulty term “lateral aberrant thyroid” has sometimes been used 
in the past to describe these situations (recent reviews in Coleman et al, 2000; Verge et al, 

1999). 

The behavior of papillary carcinomas is unpredictable. Most of the tumors are indolent and do 
not recur or metastasize after removal, even in the presence of metastases to neck lymph 
nodes. In some cases, however, widespread metastases to lung, the skeleton, central nervous 
system and, occasionally, other organs may be observed. 
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Figure 30-15 Malignant Hurthle cell tumor. Hurthle cells with various stains and fixation 
methods: May-Grunwald-Giemsa (A), Wright's stain (S), Papanicolaou stain (C). In all 
three modes of staining, the Hurthle cells are large, fairly monotonous, and show fine 
granularity of the cytoplasm. D. Hurthle cell tumor involving the trachea. (AB: High 
magnification.) 



Several variants of the papillary carcinoma have been described. The most important are 
tumors composed of large, columnar cells (tall-cell variant) with poor prognosis, and the 
follicular variant in which the structure of the tumor resembles follicular carcinoma, except for 
the characteristic nuclear features and behavior similar to papillary carcinomas. There is 
also a variant resembling Warthin’s tumors of the salivary glands. These and other variants 
are discussed below. 

The differential diagnosis of papillary carcinoma must include a rare type of benign thyroid 
tumor, the hyalinized trabecular adenoma that has many cytologic features of papillary 
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carcinoma: intranuclear cytoplasmic inclusions, nuclear grooves, and occasional psammoma 
bodies (Carney et al, 1987). There is no description of the cytologic presentation of this tumor 
but it may be assumed that it would mimic papillary carcinoma. Koss et al (1992) also reported a 
case of Hashimoto's thyroiditis with papillary clusters of follicular cells mimicking the pattern 
of papillary carcinoma that was not present in extensively studied excisional thyroid biopsy. 

Cytology 

Needle aspirates from papillary carcinomas are usually rich in cells. The cells may be 
dispersed, arranged in complex, anastomosing papillary fragments, follicular structures, 
or in monolayered sheets generally free of colloid. The presence of the complex 
papillary clusters that can be observed under low power of the microscope is 
diagnostic of the tumor (Figs. 30-1 6A,B and 30-1 7B). Calcified psammoma bodies are 
common (Fig. 30-1 8C). It must be noted, though, that calcified structures mimicking 
psammoma bodies may sometimes occur in normal thyroids, chronic thyroiditis, and 
sometimes in other types of thyroid tumors (Ellison et al, 1998; Dugan etal, 1987). 

The tumor cells, although similar to normal follicular cells, are usually perceptibly larger. The 
cytoplasm is usually basophilic and opaque; on close inspection, one may observe small, 
discrete vacuoles. Flirokawa et al (2000) reported that these vacuoles represent dilated 
endoplasmic reticulum in electron microscopy and hypothesized that the change is 
degenerative in nature. 

Next to papillary configuration of cell clusters, nuclear abnormalities are crucial in 
cytologic recognition of papillary carcinoma. In general, the nuclei of cancer cells are larger 
than those of normal follicular cells. Still, the nucleocytoplasmic ratio is not perceptibly altered. 

The most common nuclear features are the somewhat opaque “ground-glass” nuclei, with the 
nuclear chromatin pushed 
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to the periphery, and small central nucleoli (see Fig. 30-20B), as first reported by Pedio et al 
(1981). The characteristic, sharply demarcated intranuclear cytoplasmic inclusions, first 
reported by Soderstrom and Biorkland (1973), can be recognized on either Diff-Quik or 
Papanicolaou stains (see Fig. 30-1 6B,C). Another feature of note is nuclear folds or grooves 
in finely granulated, opaque nuclei of tumor cells (Fig. 30-1 8A) (Kini, 1996; Bhambhani et al, 

1990; Deligeorgi-Politis, 1987). Small, isolated, approximately spherical small deposits of 
dense inspissated colloid were thought by Lowhagen (1981) to be very characteristic of 
papillary carcinoma (Fig. 30-1 9AB). 




Figure 30-16 Papillary carcinoma of thyroid. A Multilayered, complex papillary 
arrangement of follicular cells diagnostic of papillary carcinoma. B. Sheet of follicular cells 
showing somewhat enlarged nuclei and intranuclear cytoplasmic inclusions. One of the 
inclusions is double. C. Oil immersion to show tumor cells with a conspicuous intranuclear 
cytoplasmic inclusion. Note the sharp edge of the inclusion. D. Histologic section of 
papillary carcinoma corresponding to A (A Diff-Quik stain.) 



Perhaps the most valuable diagnostic feature is the intracytoplasmic nuclear inclusions. If more 
than three true intranuclear inclusions are seen in enlarged nuclei on a single aspirate of a 
thyroid nodule, the finding is almost pathognomonic for a papillary carcinoma (Yang and 
Greenebaum, 1997). These inclusions must be crisp, with clear, rather than hazy, borders. In 
our opinion, the inclusions are so characteristic that even if they are seen in an aspirate with no 
other features of a papillary carcinoma, a surgical excision should be considered. Conversely, 
if one suspects a papillary carcinoma, an exhaustive search for intranuclear inclusions should 
be undertaken. It should be noted that intranuclear inclusions may also be observed in other 
types of thyroid cancer and in other tumors, such as malignant melanomas, meningiomas, and 
bronchioloalveolar carcinoma. Very rarely, such inclusions may be observed in benign Hurthle 
cells (see Fig. 30-8C). This type of true, intranuclear inclusions should not be confused with 
poorly demarcated areas of central cleaning that may occur in benign thyroids (see Fig. IQ- 
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30B). 

Multinucleated giant cells of the foreign body type (see Fig. 30-18B) are very common in 
smears of papillary carcinomas. In general, the giant cells are adjacent to papillary or 
monolayer fragments of tumor cells. The presence of such cells in an aspirate should trigger 
the suspicion of such a tumor (Guiter and DeLellis, 1 996). Aspirates of other entities, 
particularly subacute thyroiditis, also contain giant cells, but will also be associated with other 
clinical and cytological findings (see above). Khurana et al (2001) noted that in children and 
adolescents, benign solitary hyperplastic thyroid nodules may lead to an erroneous 
diagnosis of papillary carcinoma, either in cytologic or histologic material (LiVolsi, 1990). 

Variants of Papillary Carcinoma 

Several histological subtypes of papillary carcinoma have been described. Except for the tall- 
cell variant, which has a much worse prognosis than the typical papillary carcinoma, 
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the other subtypes do not appear to have any additional prognostic significance. However, the 
histologic variants have their cytological counterparts and their recognition is possible with a 
relatively small margin of error (Nair et al, 2001 ). These variants include: 




Figure 30-17 Papillary carcinoma of thyroid. A Scintigram of thyroid in a 34-year-old 
woman showing a “cold nodule” in the upper part of the right lobe. B. Corresponding 
aspirate showing a large papillary cluster of tumor cells with a central capillary vessel. C. A 
flat sheet of tumor cells closely resembling normal acinar cells, except for slight nuclear 
enlargement and the presence of nucleoli. D. Section of the thyroid gland corresponding to 
A-C. 



• Cystic papillary carcinoma 

• Follicular variant of papillary carcinoma 

• Tall-cell variant of papillary carcinoma 

• Warthin's-like variant of papillary carcinoma 

• Diffuse sclerosing variant of papillary carcinoma in childhood 

Other extremely rare forms of papillary carcinoma are morphological curiosities that deserve 
only a brief mention, such as micropapillary, macrofollicular, carcinoma with nodular 
fasciitis-like stroma, clear cell, and oxyphil or oncocytic (Yang et al, 1999; Carpi et al, 
1999; Chan et al, 1991 ; Us-Krasovec and Golough, 1999; Hirokawa et al, 1998; Doria et al, 
1996). 

Cystic papillary carcinoma is a clear example why all fluids aspirated from the thyroid should 
be examined microscopically (Goellner and Johnson, 1982). The aspirates of cystic papillary 
carcinomas frequently yield clear fluid. In our experience, the cells floating in the fluid are 
best retrieved by tapping the hub of the needle, where the cells become trapped, backwards 
onto the slide. The tumor cells obtained with this simple maneuver are often of sufficient 
quantity to permit a diagnosis. Sediment of the fluid may also provide diagnostic material. 

The microscopic findings in cystic papillary carcinoma are similar to the solid forms of the 
classical papillary carcinomas, but differentiated cells with small nuclei are rather 
prominent. 

Occasionally, metastatic papillary carcinomas of the thyroid will present as a cystic lesion in 
the lateral neck. The presence of malignant cells in the sediment, confirming the diagnosis of 
a metastatic papillary carcinoma, will almost always lead to the discovery of an occult primary 
papillary carcinoma in the ipsilateral thyroid lobe. In a case illustrated by Koss et al (1992), 
the large thyroid cancer cells had a vacuolated cytoplasm, resembling signet-ring cells and 
were accompanied by a few cells with squamoid features. Sometimes, the presence of a 
psammoma body in the fluid may suffice to suspect the presence of a papillary carcinoma in 
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the thyroid (Coleman et al, 2000; Verge et al, 1999; Koss et al, 1992). 



Follicular Variant of Papillary Carcinoma 

Simply stated, the follicular variant of papillary carcinoma has the low-power microscopic 
appearance of a follicular 

P.1166 

neoplasm and the nuclear features of a papillary carcinoma. Intranuclear cytoplasmic 
inclusions and “ground glass” nuclei with micronucleoli are the morphological clues to the 
diagnosis of this entity (Fig. 30-20A-C) (Baloch et al, 1999; Goodell et al, 1998; Shemen and 
Chess, 1998; Hugh etal, 1988; Chemand Rosai, 1977). 




Figure 30-18 Various aspects of cytology of papillary carcinoma of thyroid. A 

Nuclear grooves seen on Diff-Quik stain under high magnification. B. Amultinucleated giant 
cell. C. Numerous psammoma bodies. D. Section of thyroid corresponding to C showing 
numerous psammoma bodies. 



Tall-Cell Variant of Papillary Carcinoma 

This uncommon tumor occurs predominantly in elderly women and has a documented 
aggressive clinical behavior. When first seen, it may present as a large thyroid mass with 
regional lymph node metastases. Cytologically, the tumor cells are dispersed, large, 
sometimes of columnar configuration, with eccentric nuclei, and eosinophilic cytoplasm. 
Intranuclear inclusions are numerous. The smear pattern is somewhat similar to that 
observed in papillary carcinomas of the breast with eosinophilic cytoplasm (see Chap. 29). The 
recognition of the tall-cell variant of papillary carcinoma of the thyroid is sometimes difficult 
(Jayaram, 2000; Filie et al, 1999; Ohori and Schoedel, 1999; Pisani et al, 1999; Bocklage et al, 

1997; Cameselle-Teijeiro et al, 1997a; Gamboa-Dominguezet al, 1997). 

Warthin's-Like Variant of Papillary Carcinoma 

Originally described by Apel, Asa, and LiVolsi (1995), this form of papillary carcinoma is 
morphologically indistinguishable from its salivary gland eponymic counterpart. This 
tumor occurs primarily in women with Hashimoto's thyroiditis and behaves like other papillary 
carcinomas (Baloch and LiVolsi, 2000; Fadda et al, 1998). The aspiration combines cytologic 
features of chronic thyroiditis and oxyphilic papillary carcinoma (see Fig. 30-15) (Vasei et 
al, 1998; Yousef et al, 1997; Doha et al, 1996). 

The cytologic recognition of this tumor type is difficult. On the one hand, the smear pattern is 
reminiscent of Hashimoto's thyroiditis but it may also mimic a Hurthle cell tumor because 
of marked cytoplasmic eosinophilia of tumor cells with nuclear cytoplasmic inclusions, forming 
papillary clusters (Fig. 30-20D). There is no uniformity of the tumor cells, some of which may 
resemble tall-cell variant and some the common type of papillary carcinoma. 

Oxyphilic Variant of Papillary Carcinoma 

This is an uncommon variant of thyroid cancer with low malignant potential that is sometimes 
classified as a papillary Hurthle cell tumor and sometimes as a variant of Warthin'slike papillary 
carcinoma (Vasei et al, 1998; Doria et al, 1996; Dzienciot et al, 1996). The cytologic findings are 
similar to those described for Warthin's-like carcinoma, except for the absence of 
lymphocytes. 

P.1167 



2027 / 3276 



Koss' Diagnostic Cytology & Its Hist(3|6latRclrtegrih^'0s^sP§tet5yt'oid, and Neck Masses Other Than Lymph Nodes 




Figure 30-19 Various aspects of papillary carcinoma of thyroid. A A small deposit of 
inspissated colloid (arrow), characteristic of the tumor. B. Tissue section of papillary 
carcinoma showing inspissated colloid. C. Metastatic papillary carcinoma of thyroid to the 
lung. Note the relatively large size of the tumor cells and the presence of a conspicuous 
intranuclear cytoplasmic inclusion with sharp edges. D. Biopsy of lung, corresponding to C, 
showing metastatic, papillary carcinoma. (A MGG stain.) 



Sclerosing Variant of Papillary Carcinoma 

This tumor is seen more frequently in children and may be small but usually involves an entire 
lobe (Degnan et al, 1996). Some of these tumors may be occult and require ultrasound 
guidance for aspiration. The clinical and cytological findings do not match. The needle will 
encounter a hard fibrous mass but the aspirate, as in the Warthin's-like variant, will be 
composed of lymphocytes and papillary clusters of cells. The degree of cellularity is much 
greater than expected from a fibrous nodule (Yang et al, 1999; Kumarasinghe, 1998; Lugo- 
Vicente et al, 1998). 

Medullary Carcinomas 

The relatively uncommon medullary carcinomas of the thyroid are derived from C cells and 
produce calcitonin, a hormone regulating the metabolism of calcium and, hence, the skeleton. 

These tumors may also produce other polypeptide hormones, such as somatostatin, 
bombesin, and even ACTH that may cause Cushing's syndrome. The tumors may be sporadic 
or may occur as a component of a familial multiple endocrine neoplasia (MEN), 
particularly the subgroups MEN2A and MEN2B, with synchronous tumors of other endocrine 
organs, such as a pheochromocytoma of the adrenal medulla and parathyroid adenoma 
(Forrest et al, 1998; Lips et al, 1994; Keiser et al, 1973). 

In the familial form of medullary carcinoma, mutations of RET protooncogene are an important 
factor in the genesis of these tumors (recent summaries in Kebebew et al, 2000; Phay et al, 

2000; Randolph and Maniar, 2000; see also Chap. 7). In patients who are carriers of MEN2 and 
familial medullary carcinoma gene, prophylactic thyroidectomy has been advocated. In a 
large study from France, all of the 71 patients at risk had either C-cell hyperplasia or medullary 
carcinoma (Niccoli-Sire et al, 1999). Many of such tumors are occult and, therefore, not likely to 
be diagnosed by preoperative biopsy (Krueger et al, 2000). Except for small tumors detected by 
screening, the prognosis of medullary carcinoma is poor (Cote and Gagel, 2003; Machens et 
al, 2003; Kebebew et al, 2000). 

Histology 

Medullary carcinomas may be single or multiple, the latter more common in patients with a 
genetic burden. The tumors are quintessential endocrine neoplasms with numerous 
neuroendocrine granules in the cell cytoplasm, a feature that is sometimes diagnostically 
very helpful. The principal 
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histologic feature of the tumor is the association of epithelial tumor cells of various sizes 
and types with amyloid stroma. In some tumors, the amount of amyloid may be substantial, 
reducing the volume of tumor cells. The tumors are richly vascularized. 
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Figure 30-20 Variants of papillary carcinoma. A,B. High magnification showing follicular 
variant of papillary carcinoma stained with Diff-Quik (/l) and with Pap stain (S). The only 
conspicuous abnormalities of note are the relatively large size of the nuclei, their ground- 
glass appearance, and occasional intranuclear cytoplasmic inclusions. C. Follicular variant 
of papillary carcinoma corresponding to B. D. Warthin's variant of papillary carcinoma 
stained with Diff-Quik. The smear shows Hurthle cells with conspicuous intranuclear 
cytoplasmic inclusions and scattered lymphocytes in the background. 



The dominant histologic pattern is usually that of sheets or nests of large, polygonal cancer 
cells. However, a carcinoid-like pattern of small cells and spindle cell pattern are not 

uncommon. These patterns may occur side by side, accounting for a complex cytologic 
presentation of these tumors. The hormonal activity of these tumors, mainly calcitonin, may be 
documented by immunochemistry. 



Cytology 

The cytologic presentation in aspiration biopsies is fairly characteristic and corresponds to the 
diverse histological spectrum of cell types. The smears are usually cellular and the tumor cells 
are dispersed. Most often, the smears are composed of large, epithelial cells with abundant 
cytoplasm of irregular, but often of approximately triangular shape and large, hyperchromatic, 

often eccentric nuclei, provided with prominent nucleoli (Fig. 30-21A.B). 



In some tumors, the cells closely resemble that of plasma cells (plasmacytoid cells), except 
for their much larger size, a feature common to many endocrine tumors (Fig. 30-21 C,D). In 
many tumors, the smears also contain scattered giant cells with large, hyperchromatic 
nuclei (Fig. 30-22C). This is a feature of many endocrine tumors that has no bearing on 
prognosis. The cytoplasm of tumor cells is faintly granular in fixed material, but may show 
conspicuous red granules in air-dried May-Griinwald-Giemsa-stained smears (Fig. 30- 
22), which are less distinct on Diff-Quik stains and cannot be seen in fixed smears. The 
granules reflect endocrine activity, most often calcitonin secretion by tumor cells that can be 
documented by electron microscopy in the form of endocrine cytoplasmic granules (see Fig. 2- 
20) or by immunocytochemistry (Fig. 30-22D). 



Tumor variants composed wholly, or in part, of spindly, elongated cells (Fig. 30-23) or of 
small cancer cells, resembling cells of a carcinoid (Fig. 30-24A.B) must also be 
recognized. The small cell pattern may be mistaken for a malignant lymphoma, whereas the 
spindle cell tumors may be mistaken for a sarcoma or metastatic renal carcinoma (Koss et al, 

1992). The various patterns may occur synchronously in the same smear (Kumar et al, 2000; 
Papaparaskeva et al, 2000; Green et al, 1997; Koss et al, 1992; Kini et al, 1984). 
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Figure 30-21 Medullary carcinoma of thyroid. AC. Various aspects of large cancer 
cells of diverse configuration. At high magnification, the cytoplasm is granular, particularly 
well shown in A (Diff-Quik stain) and C (MGG stain). In C and D, the cancer cells closely 
resemble plasma cells. 



The amorphous substance, amyloid (which should not be confused with colloid), a 
characteristic component of medullary carcinomas of the thyroid, can be observed in fixed or 
Diff-Quik-stained, air-dried smears (Fig. 30-24A), as first reported by Ljungberg (1972). Congo 
red fluorescence confirms this diagnosis (Fig. 30-24D). Except for the very rare cases of 
primary amyloidosis involving the thyroid (Nijhawan et al, 1997), and equally rare amyloid- 
producing thyroid plasmacytoma (Bourtsos et al, 2000), the presence of amyloid is 
diagnostic of medullary carcinoma, even if it is the sole finding (Koss et al, 1992). 

De Lima et al (2001 ) reported cytologic findings in a very uncommon melanotic variant of 
medullary carcinoma with pigmented tumor cells. Tseleni-Balafouta et al (1997) reported 
synchronous papillary and medullary carcinomas. 

The cytologic recognition of medullary carcinoma and its metastases is very good (Forrest et al, 

1998). Testing for serum calcitonin levels is often useful in confirming the diagnosis. 

Anaplastic Carcinomas 

Clinical Data and Histology 

These highly malignant, frequently tender, rapidly growing tumors occur primarily in the elderly, 
usually appearing in the seventh decade of life (Carcangiu et al, 1985). At diagnosis, these 
tumors often have extensively infiltrated the thyroid gland and surrounding neck structures. 

They may, however, occur as a still localized nodule. Anaplastic carcinoma is the deadliest of all 
thyroid gland tumors, with few patients surviving 1 year after diagnosis. 

There are two forms of anaplastic carcinoma: a spindle and giant cell carcinoma and a 
small -cel I -type carcinoma. The question of appropriate classification of small-cell carcinomas 
has been repeatedly raised. It may be difficult to distinguish some of these tumors from an 
exceptionally aggressive malignant lymphoma, a small-cell medullary carcinoma, or a metastatic 
oat cell carcinoma (Us-Krasovec et al, 1996). 

Cytology 

Smears of aspirates from anaplastic giant cell carcinoma usually contain necrotic matter, 
cellular debris, inflammatory cells, mainly granulocytes, and large polymorphous, often 
multinucleated cells with large bizarre nuclei and very prominent nucleoli (Fig. 30-24A- 
C). These tumors should not be confused with the exceedingly rare carcinomas with 
giant cells, mimicking the giant cell tumors of bone (see below) (Kumar et al, 1997; Koss 
et al, 1992; Berry et al, 1990). 
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Figure 30-22 Medullary carcinoma of thyroid. AB. Diff-Quik stains at high magnification 
show very large tumor cells with granular cytoplasm. C. High magnification of medullary 
carcinoma with giant cells. D. Cell block of medullary carcinoma with positive 
immunoperoxidase calcitonin stain, corresponding to C. ( D : MGG.) 



In small-cell anaplastic carcinoma, the aspirate contains malignant cells with round or oval 
nuclei and scanty cytoplasm. It must be noted that, even in tissue sections, small-cell 
anaplastic carcinoma may be difficult to distinguish from malignant lymphoma (Us-Krasovec et 
al, 1996). Flow cytometric studies or immunocytochemical stains on the aspirate distinguish 
these two tumors. 

Anaplastic carcinoma is considered, a priori, to be an inoperable disease and should be 
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treated aggressively with radiation and chemotherapy. Hence, diagnosis by FNAis critical in 
this disease. If the patient responds to radiation and chemotherapy, subsequent surgery may be 
considered. 

Rare Malignant Tumors 

Osteoclastoma Variant 

This rare, highly malignant tumor mimics to perfection giant cell tumors of bone (Koss et al, 

1992). The tumor contains multinucleated giant cells with numerous small nuclei, 
identical with osteoclasts and, in the background, sheets of small polygonal cells with similar 
nuclei. Cases of this tumor have been described and illustrated by Kumar (1997), Lee et al 
(1996), Koss et al (1992), and Williams et al (1979) (Fig. 30-25D). 

This unusual tumor must be distinguished from the anaplastic spindle and giant cell 
carcinoma, characterized by very large, hyperchromatic, often bizarre nuclei of uneven sizes 
(see above). 

Insular Carcinoma 

This highly malignant tumor of the thyroid was first observed and described in Swiss patients 
with large goiters in the 1920s by Langhans as “Wuchernde Struma" or “proliferating goiter." 

The tumor, now very uncommon, has been renamed insular carcinoma (Rosai et al, 1985; 

Carcangiu et al, 1984) as a solidly growing tumor composed of medium-sized cancer cells 
separated by connective tissue septa into island-like compartments. 

There is very limited information on the cytologic presentation of this tumor. Six cases were 
described by Guiter et al (1999) as cellular smears with small spherical cancer cells with 
poorly defined cytoplasm and monomorphic nuclei, occurring singly or in small clusters. The 
colloid was scanty and necrosis was present. Three of the six cases were initially thought to 
represent follicular neoplasms. 

Squamous Carcinoma 

Squamous carcinoma, primary in the thyroid, is vanishingly rare and must always be 
distinguished from metastatic 
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tumors to the neck. Another potential source of error is the primary mucoepidermoid carcinoma 
(see below). The origin of primary thyroid squamous cancer may be in squamous metaplasia 
that may be occasionally observed in the lining of the thyroid cysts, in chronic thyroiditis, or 
thyroid adenomas. Squamous metaplasia may be quite exuberant and may mimic squamous 
carcinoma (Fig. 30-26A). The cells of squamous cancer are usually well differentiated and 
show the crisp, thick, eosinophilic cytoplasm characteristic of this tumor type (Fig. 30-26B). 




Figure 30-23 Spindle cell variant of medullary thyroid carcinoma. A-C. Elongated 
cancer cells with large nuclei. D. The tumor corresponding to A ( B,C : Diff-Quik stain.) 



Asimilar case with cytologic diagnosis was described by Kumar et al (1999). Acase of spindle 
cell squamous carcinoma and a synchronous papillary carcinoma, tall cell type, was 
described by Saunders and Nayer (1999). 

Mucoepidermoid Carcinoma 

Primary mucoepidermoid carcinoma of the thyroid is a very rare disorder with uncertain 
prognosis occurring in patients of all ages. The origin of this tumor is not clear (Wenig et al, 
1995). 



There are two variants of the primary mucoepidermoid carcinoma of the thyroid. One variant is 

similar in all aspects to mucoepidermoid tumors of the salivary glands that include low- 
and high-grade tumors (Wenig et al, 1995) and the other, known as the sclerosing variant 
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with eosinophilia, is characterized by fibrosis and eosinophilic infiltration of the stroma 
(Baloch et al, 2000; Chan et al, 1 991 ). Solomon et al (2000) pointed out that metastatic tumors 
of this type may mimic Hodgkin's disease. 

The cytologic presentation of both types of mucoepidermoid carcinoma of the thyroid have 
been reported. The common variant is cytologically identical to lowor high-grade tumors of 
the salivary glands (Vazquez Ramirez et al, 2000; Larson and Wick, 1993) (see Chap. 32). The 
smears contain squamous cells of various degrees of differentiation and with mucus-secreting 
cells or the presence of mucus. 

The sclerosing variant with eosinophilia was reported as showing “deceptively bland tumor 
cells" (Bondeson and Bondeson, 1996) or, in a case with metastases, as a carcinoma with 
cytoplasmic eosinophilia (Geisinger et al, 1 998). It is evident that because of the rarity of these 
tumors, no definitive cytologic criteria have been established. Mucoepidermoid carcinoma may 
also be associated with other tumor types, such as papillary carcinoma (Cameselle-Teijeiro et 
al, 1997b). 

Malignant Lymphomas 

Primary malignant lymphomas of thyroid, usually of B-cell derivation, may occur, particularly in 
patients with Hashimoto's 
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thyroiditis (Singer, 1998). The cytologic presentation of these uncommon tumors may be 
complicated by the synchronous presence of epithelial components. Otherwise, the cytologic 
features of lymphomas are identical to those described for lymph nodes (Fig. 30-27; see Chap. 

31). Immune typing of such aspirates is diagnostically helpful (Tani and Skoog, 1989). The 
majority of thyroid lymphomas arise primarily in the gland itself but may later involve lymph 
nodes and other organs, including the gastrointestinal tract and probably represents a form of 
mucosa-associated lymphoid tissue MALT-related tumors (see Chap. 31). Extension of 
extrathyroid lymphoma to the thyroid gland is uncommon (Matsuda et al, 1987). Acase of 
signet-ring cell lymphoma of the thyroid was described by Allevato et al (1985). Acase of T-cell 
lymphoma was described by Coltrera (1999). 




Figure 30-24 Medullary carcinomas of thyroid. A,B. Small cell variant of medullary 
carcinoma. A High-magnification view shows very small cancer cells with scanty cytoplasm 
and a fragment of amyloid stained with Congo red. B. Small cell medullary carcinoma of 
thyroid corresponding to A C. Section of medullary carcinoma with abundant deposits of 
amyloid. D. Green fluorescence of amyloid stained with Congo red in a thyroid aspirate. 

( D : Courtesy of Prof. Stanislaw Woyke, Szczecin, Poland.) 



Rare Benign Lesions 

Two cases of Lange rhans' cell histiocytosis of the thyroid were described by Behrens et al 
(2001) who also reviewed prior literature. The histology, cytologic presentation and clinical 
significance of this disorder are discussed in Chapters 20 and 31. 

Courtesy of Dr. Berry Schumann, we have seen a case of lipoma of the thyroid, mimicking a 
thyroid tumor. The aspirate contained fragments of fat. 

The Thyroid During Pregnancy and Postpartum 

It is not uncommon for women to develop enlarged thyroids or thyroid nodularity during 
pregnancy or in the postpartum period. The incidence of tumors appears to be increased 
during this time (Marley and Oertel, 1997). At the same time, adenomatoid changes and benign 
papillary hyperplasia are rather common during pregnancy or lactation and most of these 
benign lesions regress after delivery. Consequently, the diagnosis of follicular lesions of the 
thyroid in pregnancy or postpartum must be made with great caution. Still, we observed 
several pregnant patients with a classical presentation of papillary carcinoma, recognized in 
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cytologic preparations. It is prudent to wait until after delivery for surgical removal of thyroid 
nodules. 
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Figure 30-25 Anaplastic carcinomas of thyroid, under high magnification A,B. Various 
aspects of tumor with large multinucleated giant cells, corresponding to tissue section 
shown in C. D. Anaplastic carcinoma of thyroid with osteoclast-like giant cells with multiple 
small nuclei. ( A,D : Diff-Quik stain.) 



Thyroid Aspiration in Children 

Children not exposed to radiation do develop thyroid nodules that may be aspirated. The 
procedure is well tolerated. A large study of 57 patients ages 9 to 20 was reported by Khurana 
et al (1999). Nearly one-quarter of these young patients had malignant thyroid lesions, either 
papillary or follicular carcinomas, documenting the value of the procedure. 




Figure 30-26 Squamous metaplasia and squamous carcinoma. A. Shows squamous 
metaplasia occurring at the edge of a thyroid cyst. The lesion was benign. B. Aspiration 
biopsy of a thyroid mass showing typical cells of squamous carcinoma. 



Metastatic Tumors 

Metastases from cancers of the kidney (Fig. 30-28), lung, breast, colon, and malignant 
melanomas (Fig. 30-29), 
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can cause clinically apparent thyroid lesions. The metastases to the thyroid occur either as 
single or multiple nodules or as a diffuse infiltration of the entire gland. Metastases may mimic 
primary tumors of the thyroid (Chen etal, 1999; Lam and Lo, 1998; Nakhjavani etal, 1997; 

Chacho et al, 1987; McCabe et al, 1985). 




Figure 30-27 Malignant lymphoma of thyroid. A Diff-Quik-stained smear showing 
typical appearance of malignant lymphoma of small cell type, confirmed by tissue biopsy 
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shown in B. 



The cytologic diagnosis of a malignant tumor is usually easy. The distinction between a 
metastasis and primary thyroid tumor may be difficult. For example, metastatic renal 
cell carcinoma may be composed of elongated, spindly cells and thus mimic a sarcoma 
or a medullary carcinoma (Koss et al, 1992). Aspirates from metastases with diffuse 
involvement of the thyroid may yield groups or sheets of benign follicular cells intermingled 
with groups of obviously malignant cells displaying morphologic features not usually seen in 
primary tumors. This rare event may 
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suggest a metastatic tumor, even in the absence of a known primary. In some cases, 
immunocytochemistry may be helpful in identifying tumor type (see Fig. 30-28). 




Figure 30-28 Metastatic renal carcinoma to thyroid. A,B. Shows small cancer cells with 
vacuolated cytoplasm. The identity of the tumor could be determined by positive 
immunoperoxidase stains of cell block sections for keratin (C) and vimentin ( D ). (A Diff- 
Quick. 6: Papanicolaou stains.) 




Figure 30-29 Metastatic melanoma to thyroid. Large tumor cells with bizarre nuclei and 
mitotic activity are shown. The melanin stains green in Diff-Quik stain (AB) and brown in 
Papanicolaou stain (C). 



Aspirates from large metastatic nodules usually contain only tumor cells and necrotic material. If 
the malignant cells display morphologic features uncharacteristic of the common primary tumors 
of the thyroid, such as keratinization, mucin production, melanin production, or abundant 
clear cytoplasm, a metastasis may be suggested. Flowever, it should be noted that very rare 
primary squamous cell and mucoepidermoid carcinomas and signet-ring cell thyroid 
tumors, containing periodic acid-Schiff-positive material in their cytoplasm, have been 
described (Koss et al, 1992). Clinical-pathologic correlation and a history of a known outside 
primary tumor are critical in these cases. 



REPORTING 

The Papanicolaou Society of Cytopathology (Guidelines, 1996) has suggested guidelines for 
the examination and reporting of thyroid aspiration biopsies. These guidelines include the 
following terminology categories: 

Adequate/inadequate 
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Benign nonneoplastic lesions 
Cellular follicular lesion 
Hurthle cell neoplasm 
Malignant 

The attempt to use this type of terminology is laudable and can be used in the laboratory, but 
we believe that the reporting of FNAof the thyroid should attempt to match the 
histologic counterpart, should include the indications for surgical intervention and 
perhaps even include suggestions for medical therapy or additional laboratory or imaging 
tests. For these reasons, the diagnostic report should expand beyond these five categories 
when possible. 

Accuracy of Fine-Needle Aspiration of Thyroid 

As has been stated in the opening pages of this chapter, the primary goal of thyroid aspirates is 
to triage patients with thyroid nodules into two groups: those who do require surgical removal 
and those who do not (Cap et al, 1999; Leonard and Melcher, 1997). The actual accuracy of 
diagnoses in terms of malignant versus benign is hampered by the follicular and Hurthle cell 
groups of tumors wherein it is nearly impossible to determine on cytologic, and sometimes 
histologic, grounds whether the lesion is benign or malignant. It is also of interest to determine 
whether the introduction of FNA improved the triage of patients. Such a study was performed at 
Montefiore Medical Center, comparing two periods, 1974 to 1977 before the introduction of FNA 
of the thyroid, and 1979 to 1981 after FNAof the thyroid was introduced (Koss et al, 1992). As 
shown in Table 30-2, although the total number 
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of surgical excisions was reduced, the frequency of malignant tumors doubled, suggesting a 
much better triage of patients. 



TABLE 30-2 EXPERIENCE WITH ASPIRATES OF THE THYROID AT MONTEFIORE 
MEDICAL CENTER 



Incidence of Malignant Tumors 



Period of Study 


Surgical Excisions of Thyroid 


No. 


% 


1974-1977 


141 


22 


16% 


1979-1981 


104 


33 


31% 



To our knowledge, there is no similar study from other institutions. Today, the accuracy of the 
procedure is judged by comparing the results of thyroid FNA with histologic findings, thus 
calculating the sensitivity, specificity, negative, and positive predictive value. Numerous papers 
addressed this issue (Amrikachi et al, 2001 ; Baloch et al, 2000; Cap et al, 1999; Change et al, 
1997; Davoudi et al, 1997; Boyd et al, 1992; Dwarakhanathan et al, 1985). 

In general, the sensitivity of the procedure for benign and malignant lesions was in the range of 
90% and the specificity about 80%. The negative predictive value was about 97%, whereas the 
positive predictive value was in the 40% range (Cap et al, 1999). 

Other data on accuracy were provided by Davoudi et al (1997) who compared the results 
ofFNAwith frozen sections and by Carpi et al (1999) comparing aspirates with needle core 
biopsies. The diagnostic improvements with the frozen sections over FNA were trivial. Core 
needle biopsies (obtained with 18 gauge needles) were helpful in further triage of patients with 
preliminary diagnosis of “follicular neoplasm.” 

Of particular interest is the performance of FNAin high-risk patients. Hatipoglu et al (2000) 
discussed the finding in patients with prior irradiation of the head and neck lesions, Vriens et al 
(1999) in patients with familial nonmedullary thyroid cancer, and Forrest et al (1998) in patients 
with medullary carcinoma. The authors observed that in patients with multiple, small thyroid 
nodules the selection of the correct nodule is of critical importance. Liel (1999) observed that 
the functional status of the nodule (hot or cold) and the presence or absence of a goiter had no 
impact on the performance of the FNA It appears that the principal goal of thyroid aspirates in 
triage of common thyroid nodules has been achieved in most institutions with adequate 
experience. This, among other things, has resulted in considerable cost savings as a result of 
the marked decrease in unnecessary surgery (Rimm et al, 1997; Maxwell et al, 1996). Segev et 
al (2003) addressed the issue of precise diagnosis of thyroid aspirates by means of molecular 
markers obtained by tissue microarrays techniques. Twelve promising markers were 
identified and may, in the future, assist in precise identification of “atypical” or “suspicious” 
aspirates. 

The potential sources of error were discussed by Hall et al (1989) and Koss et al (1992) who 
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pointed out that inadequate skill of the operator is probably the most important cause of errors. 

Smears that are inadequate, diluted with blood, or simply miss the target, are a common event 
in inexperienced hands. Pressure on the pathologist to render an opinion on inadequate 
evidence contributes to interpretative errors. 

PARATHYROID GLANDS 
Anatomy and Histology 

The four, or sometimes more, small, brown parathyroid glands measuring about 6 mm in 
diameter, are usually located at the posterior poles of the thyroid in the posterolateral part of 
the neck. The parathyroids are composed of sheets of chief cells with a pale or clear 
cytoplasm secreting the parathormone and oxyphilic cells with granular eosinophilic 
cytoplasm rich in mitochondria. In the adult, the normal parathyroid gland contains a great deal 
of fatty tissue. The parathormone regulates the metabolism of calcium and, hence, of the 
skeleton. Enlargement or hyperplasia of the parathyroids with increased secretion of the 
parathormone may lead to loss of calcium and skeletal disorders, known as the brown tumors 
or osteitis fibrosa cystica. Conversely, hyperplasia of the parathyroids may be the 
consequence of chronic renal failure with loss of calcium. 

Parathyroid Adenomas 
Clinical Data and Histology 

Parathormone-secreting parathyroid adenomas remove calcium from the skeletal system with 
resulting serum hypercalcemia, loss of phosphate, and an increase in alkaline phosphatase. 

Besides the dangers to the skeleton deprived of calcium, hypercalcemia may result in renal 
failure caused by nephrocalcinosis. The tumors may occur sporadically or in patients with 
multiple endocrine neoplasia (MEN) type I (Marxet al, 1999). Surgical removal of the affected 
glands is the treatment of choice. Unfortunately, parathyroid adenomas are often quite small (1 
cm in diameter, sometimes less) and are usually not palpable although, occasionally, 
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larger tumors may occur (DeLellis, 1993). Sophisticated radiologic techniques are used to 
localize these tumors prior to surgery, which is quite often a hit-and-miss proposition. In recent 
years, a rapid intraoperative parathyroid hormone assay has been shown to be a secure 
guide to the surgeons attempting to remove parathyroid adenomas (Stratman et al, 2002; 

Westerdahl et al, 2002; Boggs et al, 1996; Irvin et al, 1991). Adecrease in serum parathormone 
level by 50% or more, within 10 to 20 minutes after removal of single parathyroid adenomas, is 
very secure evidence that the source of parathormone has been removed. Persisting high 
levels are indicative of multigland disease, requiring further search. Parathormone assay is 
more accurate and sensitive than measuring total calcium levels in serum (Quiros et al, 2003). 

The role of the pathologist is to determine whether the small piece of tissue represents a 
parathyroid adenoma or other tissue, such as the thyroid. 

Parathyroid adenomas are composed mainly of chief cells and cells with water-clear 
cytoplasm. Oxyphilic adenomas are rare. Although most adenomas are located posteriorly to 
the thyroid gland, about 10% are ectopic in various locations, such as the mediastinum or 
posterior esophagus (DeLellis, 1993). The adenomas may undergo infarction, hemorrhage, or 
cystic degeneration. The role of cytopathology is to assist the surgeon in identifying 
parathyroid adenomas, either as an intraoperative consultation or, in some cases, by 
preoperative thin needle aspiration of palpable lesions or lesions localized by ultrasound. 

Cytology 

On touch preparations, the cells of parathyroid adenomas or hyperplasia are similar: the cells 
occur in clusters that are usually tightly knit. The cytoplasm is eosinophilic and clear and the 
nuclei small (Fig. 30-30). There are two features of these smears that separate the 
parathyroid cells from follicular cells of the thyroid: absence of colloid and, in fortuitous 
cluster, more abundant eosinophilic or clear cytoplasm with formation of typical 
honeycomb pattern. In FNA, large sheets or flat clusters of epithelial cells, sometimes with 
a central capillary, may be observed (Kini et al, 1993). 




Figure 30-30 Hyperplastic parathyroid. The parathyroid cells show spherical nuclei of 
equal sizes and abundant eosinophile cytoplasm. Note the spherical red blood cells on 
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right. (Diff-Quik stain.) 



The most significant problem with cytology of the parathyroid is its similarity to the thyroid. 

There are several reports in the literature stressing this point (Halbauer et al, 1991; Mincione et 
al, 1986; Davey et al, 1984; Friedman et al, 1983; Guazzi et al, 1982). The few reports of 
cystic parathyroid adenomas also report confusion with cystic thyroid lesions in most cases 
(Lerud et al, 1996; Layfield, 1991). Auger et al (1999) reported a case of parathyroid adenoma 
mimicking Hashimoto's thyroiditis. Bondeson et al (1997), with a colossal experience with 1 ,600 
such aspirates, stated that there is no single morphologic feature that can securely identify 
the parathyroid origin of cells and the material must be evaluated by clinical, biochemical and 
immunocytologic data. Galloway et al (1996) reported cytologic diagnoses of an ectopic 
parathyroid adenoma in supraclavicular location. 

In fact, the only feature that confirms the presence of parathyroid cells is cytochemistry. Thus, 

Flalbauer et al (1991) used Grimelius silver stain to identify secretory granules, resulting 
in successful identification of parathyroid lesions in slightly more than half or 146 patients. A still 
more secure identification is provided by immunostaining for parathyroid hormone 
(Bondeson et al, 1997; Winkler et al, 1987; Silverman et al, 1986). We had a similar experience 
in parathyroid carcinoma (see below). In cystic lesions, the presence of parathormone in fluid 
may be established by radioimmunoassays (Lerud et al, 1996). 

Parathyroid Carcinomas 

These tumors are extremely rare and, in most cases, do not differ morphologically from 
parathyroid adenoma and are often classified as parathyroid hyperplasia (Case Records 
Massachusetts General Hospital No. 7-2002; Shane, 2001; LiVolsi, 1994; DeLellis, 1993). Yet, 
these tumors are capable of invasive behavior and metastases. Acase in point is shown in 
Figure 30-31 . The patient was a 33-year-old woman with a large mass involving the right lobe 
of the thyroid, considered clinically to be a thyroid neoplasm. The mass was considered “cold” 
on scintilography. A needle aspirate was interpreted as showing follicular cells, consistent with a 
follicular neoplasm. 

P.1178 

On review of the smears, it was noted that the cell clusters were unusually complex (Fig. 30- 
SI A) and some of the nuclei were somewhat hyperchromatic (Fig. 30-31 B) yet, even with the 
full knowledge of the final outcome, the diagnosis of parathyroid adenoma, let alone carcinoma, 
could not be established. Surgical resection revealed a well-differentiated parathyroid neoplasm 
infiltrating the adjacent soft tissues (Fig. 30-31 C). The parathormone stain was positive (Fig. 

30-31 D). Not surprisingly, the reported FNA cases of parathyroid carcinoma failed to document 
persuasive malignant features in cells of these tumors (Hara et al, 1998; Guazzi et al, 1982; 

Garza et al, 1985). Of interest is a recent report indicating a high incidence of HRPT2 
mutations in patients with parathyroid carcinomas (Shattuck et al, 2003). The HRPT2 gene 
encodes the parafibromin protein, but the mechanism of action of this protein in cell physiology 
and tumor suppression are unknown. 




Figure 30-31 Parathyroid carcinoma in a 33-year-old woman. AS. Aspiration of what 
was thought to be a thyroid nodule. In A the complexity of the cell clusters is evident. In B, 
the nuclei are somewhat hyperchromatic and surrounded by ample clear cytoplasm. This 
smear was interpreted as showing a follicular tumor of the thyroid. C. Histologic section of 
tumor that was infiltrating the adjacent thyroid, with positive immunoperoxidase stain for 
parathormone shown in D. 



OTHER NECK MASSES, EXCEPT LYMPH NODES 

Besides lymph nodes, which are discussed in Chapter 31, other masses in the neck may be 
amenable to FNA. The most common lesions are lipomas, thyroglossal ducts cysts, 
branchial cleft cysts, and tumors of the carotid body. Tumors of soft parts may also involve 
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the neck (see Chap. 35). 

Lipoma 

Fine needle aspiration of a lipoma yields pure mature, benign fatty tissue, usually occurring as 
clumps of overlapping large cells with clear, vacuolated cytoplasm. One must be sure, as in all 
FNAs, that the needle sampled the actual tumor mass and not the surrounding normal fatty 
tissue before concluding that the lesion is a lipoma. Lipomas, as discussed in Chapter 35, can 
occur just about anywhere in the body. 

Thyroglossal Duct Cyts 

Thyroglossal duct cysts are the result of a cystic dilatation of the thyroglossal duct. 

Embryologically, the thyroglossal duct is formed in the course of the development and descent 
of the thyroid gland from the foramen cecum in the tongue to its normal location in front of the 
trachea. Normally, the thyroglossal duct disappears. Flowever, it may persist and 
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may become cystic, probably as a result of secretion from the mucosal lining cells. The normal 
location of a thyroglossal duct cyst is the midline of the anterior neck, in the region of the 
hyoid bone. The cysts are lined by columnar or squamous epithelium and may contain 
thyroid tissue in their walls (Fig. 30-32). On very rare occasions, a papillary thyroid 
carcinoma may arise within a thyroglossal duct cyst. 

Fine needle aspiration of a benign thyroglossal duct cyst usually yields colloid material, 
sometimes containing a few mature squamous or columnar epithelial cells. In order to 
correctly interpret the material present in the smear, one has to know the precise location of the 
mass because, by cytology alone, it may be difficult to differentiate thyroglossal duct cyst from a 
colloid goiter. 

Branchial Cleft Cysts 

Branchial cleft cysts are congenital cysts that are located in the lateral aspect of the neck. 

They are the result of developmental anomalies of the branchial clefts. Apel et al (1994) 
reported branchial cleft cysts located within the thyroid. The cysts may remain occult until 
middle or older age and may appear suddenly. The branchial cysts may become inflamed and 
clinically painful. The cysts are usually lined by mature squamous epithelium supported 
by a stroma rich in lymphoid tissue, sometimes forming mature lymph follicles. 

Occasionally, the squamous epithelium is less mature and is composed of smaller squamous 
cells of parabasal type with large nuclei (Fig. 30-33). On rare occasions, part of the cyst lining 
will be composed of mucus-producing columnar cells. 




Figure 30-32 Thyroglossal duct cyst. The lining of the cyst consists of mucous- 
producing columnar cells (A) and squamous epithelium (B). The wall of the cyst contained 
residual thyroid. 



Cytology 

Aspiration usually yields thick, very turbid, white or yellow fluid. The cysts may disappear 
after complete aspiration of the contents, resulting in cure. Flowever, some cysts may recur and 
the fluid can reaccumulate. 

Microscopically, the fluid contains a variable number of mature squamous cells and acellular 
squames, proteinaceous material, cellular debris, and lymphocytes. Less often, and 
particularly in the presence of inflammation, the squamous cells may be smaller, of a 
parabasal or even basal type, and may show nuclear enlargement, some hyperchromasia, 
or even pyknosis (Fig. 30-33AB). The smear background may show evidence of acute or 
subacute inflammation and sometimes may contain granulation tissue, characterized by 
numerous capillaries, fibroblasts, and mono- and multinucleated macrophages (Koss et 
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al, 1992). 

Branchial cleft cysts must be differentiated from metastatic squamous cell carcinoma, 
especially the well-differentiated, keratin-forming type that may become cystic (Fig. 30-33C,D). 

The degree of cellular atypia in a branchial cleft cyst may mimic carcinoma, and 
conversely, the cells of squamous carcinoma may be so well-differentiated that they 
may mimic a branchial cleft cyst. Usually, but not always, the cells of squamous cell 
carcinomas show more significant nuclear atypia. Clinical history is often helpful but neck 
metastases of squamous carcinoma may occur in the absence of a known primary. Obviously, 
any doubts as to the diagnosis should lead to a recommendation for an excisional biopsy. 
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Figure 30-33 Branchial cleft cyst and well-differentiated squamous carcinoma. A,B. 
Branchial cleft cyst. The smear contained numerous morphologically normal squamous 
cells (shown in A), corresponding to the lining of the branchial cleft cyst shown in B. C,D. 
Metastatic well-differentiated squamous carcinoma mimicking a branchial cleft cyst. C. The 
tumor cells show only minimal deviation from normal and should be compared with those 
shown in A D. Well-differentiated squamous carcinoma in a neck lymph node 
corresponding to C. 




Figure 30-34 Carotid body tumor: direct aspirate. A The smear shows cells at high 
magnification with granular, eosinophilic cytoplasm, mainly dispersed, but also forming a 
small, approximately spherical cluster. Note the variable size of nuclei, some of which are 
very large. B. The tissue section of the tumor shows nests of cells surrounded by 
connective tissue. (Photographs courtesy of Dr. M. Zaman, New York Medical College, 
Valhalla, NY.) 
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Carotid Body Tumors 

The rare carotid body tumors belong to the family of paragangliomas and, for the most part, 
occur as a painless mass in the lateral aspect of the neck. The tumors are usually located 
at the bifurcation of the common carotid artery and are adherent to it. On palpation, the tumors 
may be pulsating, and a bruit may be heard on auscultation. The tumors are usually benign but, 
in about 10% of cases, are capable of metastases that sometimes may occur many years after 
removal of the primary. 

The tumors are richly vascularized and are composed of nests of large polyhedral cells with 
granular cytoplasm, often with significant nuclear atypia (Figs. 30-34B and 30-35C.D). It 
should be stressed that in this, as in many other endocrine tumors, cellular and nuclear 
pleomorphism should not be taken as evidence of malignancy. The aspiration of a 
carotid body tumor may be dangerous to the patient, who may react with syncope caused by 
a sudden increase in blood pressure, resulting from secretion of norepinephrine. Therefore, if 
the diagnosis can be established on clinical grounds, an aspiration should be avoided. 
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As a result, there are only a few reports on aspiration cytology of carotid body tumors (Linsk 
and Franzen, 1989). 




Figure 30-35 Carotid body tumor metastatic to lung, 15 years after surgical 
removal. A Lung aspirate showing a loosely structured cluster of tumor cells. In B, a May- 
Grunwald-Giemsa stain shows scattered large cells with abundant granular cytoplasm. The 
histologic section of the original carotid tumor under low power (C) and higher power (D) 
shows nesting of cells with nuclear abnormalities that are common in tumors of this type, 
whether benign or malignant. 



Cytology 

Descriptions of the cytology of these tumors may be found in Linsk and Franzen (1989), Hood 
et al (1983), and Engzell et al (1971). The smears contain blood and tumor cells, which are 
either isolated, in loosely arranged groups, or form rosettes. The cells are often large, 
polygonal, ovoid, or elongated. The abundant cytoplasm is granular or dense, may be 
eosinophilic on hematoxylin and eosin stain, and is pale on Papanicolaou stain. Red 
cytoplasmic granules may be seen in the Giemsa stain. Centrally or eccentrically located 
nuclei show considerable variation in size and shape. Giant nuclei and multinucleated 
giant cells may occur but have no bearing on the malignant nature of the tumor. The chromatin 
is finely or coarsely granular and conspicuous nucleoli may be seen (Fig. 30-34A). The 
cytologic features of carotid body tumors may mimic metastatic 
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carcinoma, especially when a tumor is thought to be an enlarged lymph node. The presence of 
rosette-like structures may be suggestive of a follicular tumor of the thyroid gland. However, a 

carotid body tumor will not move on swallowing, whereas a thyroid tumor will. As in all 
FNA interpretations, clinical-pathological correlation is of paramount importance. The 

material is easiest to interpret when the aspiration is performed by the person reading the 
smears. 

Koss et al (1992) reported a case of metastatic carotid body tumor to the lung occurring 15 
years after removal of the primary tumor (Fig. 30-35). 

Other Rare Findings 

Acase of cytologic recognition in FNA of ectopic thymic tissue in the neck of an infant was 
described by T unkel et al (2001 ). Epidermoid inclusion cysts may also occur. Pavot et al 
(2001) described such a case with Liesegang rings in the aspirated fluid (see Chap. 25 for 
description). 

Other lesions of note are fibromatosis of the neck and tumors of muscle and soft tissues, not 
specific to the neck, described in Chapter 35. 

Extracranial meningiomas are usually observed in newborns as tumors of the head and neck 
area (Lopez et al, 1974). For description of cytology of meningiomas, see Chapter 42. 
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Lymph Nodes 

Nancy P. Caraway 
Ruth L. Katz 

Needle aspiration of lymph nodes is one of the oldest applications of the technique in the 
diagnosis of human disease. In 1904, two British military surgeons, Greig and Gray, working in 
Uganda, published a paper describing the diagnosis of sleeping sickness by recognizing mobile 
trypanosomes in lymph node aspirates. In 1921, Guthrie of Johns Hopkins described the 
application of needle aspiration to the diagnosis of tumors. In 1930, Martin and Ellis of 
Memorial Hospital for Cancer (now the Memorial Sloan-Kettering Cancer Center) included 
tumors that had metastasized to the lymph nodes among the targets of aspiration biopsy. 

As a result of the pioneering work of Franzen et al (1960) and the widespread current 
acceptance of the technique, aspiration of lymph nodes has become a standard laboratory 
procedure. 

The spectrum of applications of fine needle aspiration (FNA) biopsy in diagnosing disease has 
become ever wider. Although metastatic cancer is still the most common target of lymph node 
aspiration, a large number of benign disorders have been identified using the procedure. 

Applications of immunologic techniques now allow a secure identification of a broad spectrum 
of primary malignant lymphomas. 

ANATOMY AND HISTOLOGY OF LYMPH NODES 

A lymph node may be conceived of as an encapsulated spongy sieve, filtering and modifying 
the lymphatic fluid between the points of entry and exit. The normal lymph node is bean- 
shaped, with lymph entering the node through the afferent lymphatics, piercing the convex 
surface of the capsule, and exiting through the efferent lymphatics in the hilus, which is an area 
of indentation in the concave side of the node. The principal component of the lymph node is 
lymphoid tissue, which is normally distributed in an orderly fashion within compartments that are 
constructed of connective tissue and circulatory sinuses (Fig. 31-1). 

A connective tissue capsule encloses the lymph node, which is further subdivided into anatomic 
compartments by a number of connective tissue trabeculae that extend from the convex aspect 
of the capsule to the hilus. The 
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capsule and the trabeculae provide the framework for a series of circulatory channels or 
sinuses, which are lined by endothelial cells and are filled with lymph fluid and the cells carried 
within it. 
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Afferent lymphatics 




Figure 31-1 Diagrammatic presentation of lymph node structure. 



The following brief overview of lymphocyte classification is cited merely in support of the 
anatomic data. There are two principal families of lymphocytes, the thymusderived (T) 
and bursa- or bone marrow-derived (B) lymphocytes. Although the significance of this 
classification is not discussed at length here, a principal function of the B lymphocytes and 
derivative cells, such as plasma cells, is the formation of immunoglobulins, which 
confer humoral immunity, whereas T lymphocytes play a major role in cell-mediated 
immunity. Complex interactions are now known to exist between the B and T lymphocytes and 
their subsets. Lymphocytes without obvious B or T characteristics have been designated, in the 
past, as null cells. With the use of additional markers, these cells can now be classified as 
either B or T or their subtypes. Classes of dendritic follicular cells that may interact with 
lymphocytes by processing antigens are also present in lymph nodes; they populate sinusoidal, 
stromal, and T and B areas. 

The distribution of the B and T cells in a normal lymph node is orderly and follows anatomic 
divisions. Three regions of the lymph node can be distinguished: the cortex, which is situated 
beneath the capsule; the medulla, which is close to the hilus; and the intermediate 
paracortex, which is located between the capsule and hilus. The cortex and medulla represent 
zones of B cells, whereas the paracortex represents a zone of T cells. 

The cortex contains the majority of lymphatic nodules (follicles) which, during postnatal life, 
usually contain germinal centers. As a consequence of antigenic stimulation, the small B- 
lymphocytes within the germinal centers are transformed into large cells that have 
large, round nuclei and prominent nucleoli. Previously known as reticulum cells, these large 
cells have been designated by Lukes and Collins (1974) as large noncleaved cells and by 
Lennert (1967) as centroblasts. The transformation of the small lymphocytes into the large 
noncleaved cells proceeds through several stages and forms, identified by Lukes and Collins 
(1974) as small cleaved cells, large cleaved cells, and small noncleaved cells. The large 
noncleaved cells may participate in further lymphopoiesis or transform into immunoblasts 
which, outside of the germinal centers, evolve into plasma cells. Cumulatively, the transformed 
lymphocytes may be designated as follicle center cells. The germinal centers also harbor 
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macrophages that usually contain fragments of phagocytized material in their cytoplasm 
(tingible body macrophages), and the nonphagocytic dendritic reticulum cells that have 
pale vesicular nuclei, tiny nucleoli, and abundant, ill-defined cytoplasm. 

The paracortex contains small T-type lymphocytes that are suspended in nests composed of 
interdigitating reticulum cells. Under antigenic stimulation, the T-type lymphocytes may evolve 
into T-type immunoblasts. 

The medulla is composed of small B-type lymphocytes that are packed tightly in sheets and 
cords separated by medullary sinuses. The lymph nodes also contain cells previously known as 
null cells that do not appear to be assigned to any specific anatomic compartment but are 
either of B or T derivation. Dendritic cells are dispersed among the various elements of the 
lymph node and are active in presenting antigens to the lymphocytes. These cells have 
cytoplasmic extensions (“dendrites”) and may express keratin. 

Immunologic techniques, described in this chapter and in Chapter 45, are required to 
identify the different types of lymphocytes because they cannot be distinguished from 
each other by light microscopic features, either in histologic sections or in cytologic 
smears. 

Normal children and young adults have well-developed lymph nodes with numerous follicles. A 
reduction in the number of lymph follicles is common in the elderly. A regression of lymphoid 
tissue may also be observed, with replacement either by fat, for example, in the axillary lymph 
nodes, or by connective tissue, as observed in the inguinal lymph nodes. 

FINE-NEEDLE ASPIRATION BIOPSY TECHNIQUE 

Aspiration biopsy should be limited to enlarged lymph nodes that are either superficial 
and palpable or deep and visualized using a radiologic or ultrasound technique. The 

aspiration of palpable lymph nodes should be performed by a person familiar with the principles 
of this technique, discussed in Chapter 28. After cleansing of the skin, palpable lymph nodes 
should be immobilized between the fingers of one hand before the aspiration is performed with 
the dominant hand. Otherwise, the tip of the needle may displace the target, resulting in an 
inadequate specimen. 

For routine aspirations, air-dried, methanol-fixed smears stained with a variant of the 
Romanovsky hematologic stain (May-Grunwald-Giemsa or Diff-Quik) and alcohol-fixed smears 
stained with Papanicolaou should be made. 

Preliminary Assessment of Smears 

The first task in evaluating a smear from a patient with lymphadenopathy is to assess its 
compositions and cellular 
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features. The cell population may be polymorphous, containing a mixture of cell types, or 
monomorphous, containing one predominant cell type. A schematic outlines the differential 
diagnosis of polymorphous (Fig. 31-2) and monomorphous (Fig. 31-3) populations. 
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Figure 31-2 Assessment of cells in lymph node (LN) aspirate. 



An important index of the presence of lymphocytes in smears is the presence of 
lymphoglandular bodies, first observed by Downey and Weidenreich (1912) and 
subsequently recognized as an important diagnostic landmark by Soderstrom in his book 
published in 1966. The lymphoglandular bodies (also known as Soderstrom bodies) are 
approximately spherical, small, pale, basophilic fragments of cytoplasm that are best 
observed against the background of air-dried, MGG-stained smears of lymph nodes or 
bone marrow (Khoory, 1983; Flanders et al, 1993; Francis et al, 1994). The importance of 
lymphoglandular bodies in the diagnosis of malignant lymphoma is described in the next 
section. 

Further Evaluation of Samples 

Depending on the results of the initial cytologic evaluation and the clinical history, appropriate 
ancillary studies can be performed (Fig. 31-4). An adequate portion of the aspirate should 
always be saved in tissue culture medium or another transport medium. It is helpful to count the 
saved cells to determine whether the sample is adequate for ancillary studies. If an infectious 
process is suspected, then material should be obtained for microbiologic culture and special 
stains for microorganisms (e.g., Gomori's methenamine silver, Ziehl-Neelsen, Gram stains). 
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Figure 31-3 Differential diagnosis of a monomorphous lymphoid population based 
on cell size. 
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Our approach to the work-up of suspected lymphoproliferative disorders consists of the 

following steps: 

■ Immunophenotyping is performed with flow cytometry or immunocytochemistry on cytospin 
preparations (Sneige et al, 1990; Katz et al, 1993a). In the initial workup of a 
lymphoproliferative disorder, an optimal flow cytometry panel includes antibodies to 
kappa, lambda, CD3, CD5, CD10, CD19, CD20, and CD23 antigens, coexpression of CD19 
and CD5, and coexpression of CD19 and CD10. For explanation of the significance of these 
antibodies see Chapters 5, 47, and the discussion of lymphomas below. This panel is useful 
in classifying most of the lymphomas and can be modified depending on the differential 
diagnosis (Fig. 31-5). A limited panel consisting of kappa and lambda to determine clonality, 
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a T-cell marker (CD3), and a proliferation marker (Ki-67) can be performed if the patient has 
a previous diagnosis of lymphoma and the cytomorphologic features correlate with that 
diagnosis. 

■ DNA ploidy analysis is used to analyze the proportion of cycling cells by image analysis, 
flow cytometry, or immunostaining with Ki-67 (Katz et al, 1993b; 1993c). 

■ Conventional cytogenetic testing or fluorescence in situ hybridization (FISH) is used 
to confirm lymphomas characterized by particular reciprocal chromosomal abnormalities 
(Caraway et al, 1999; Katz et al, 2000; Thorson et al, 2000; Najfeld, 2003). 

■ Genotyping is performed only in the rare cases of nonmarking lymphomas, low-grade T-cell 
lymphomas, lymph nodes partially involved by lymphoma, or equivocal marker studies (Katz 
et al, 1991). 




Figure 31-4 Schema for evaluation of lymphocyte-rich aspirate in cases suspected 
of a lymphoproliferative disorder. 



NONNEOPLASTIC LYMPH NODES 

The principal indication for FNAis persistent enlargement of lymph nodes, and the purpose of 
the procedure is to establish causes of lymphadenopathy that cannot be reliably diagnosed on 
clinical grounds (Table 31-1). Such nonneoplastic conditions as inflammation, infection, 
autoimmune disorders, and hypersensitivity reactions are associated with lymphadenopathy 
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(Dorfman and Warnke, 1974; Koss et al, 1992). 
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Figure 31-5 Use of immunophenotyping in the differential diagnosis of B-cell 
neoplasms. 



Acute Lymphadenitis 

Clinically, acute lymphadenitis usually appears as a red, hot, tender area. Superficial lymph 
nodes that drain a dental abscess, an inflamed appendix, a tubo-ovarian abscess, or an 
infected wound are typically affected. The most common causes of acute lymphadenitis are 
bacteria or their toxic products. 

Early in the disease process, lymph node aspirates contain an admixture of neutrophils and 
lymphocytes. Later, the aspirates contain a purulent material composed of neutrophils and 
cellular debris (Fig. 31-6). As the acute inflammatory process subsides, neutrophils are admixed 
with plasma cells and large macrophages containing fragments of phagocytized material, known 
as tingible body macrophages. The aspirated material can be sent for bacterial culture. 

Although Gram staining can be performed on aspirates, the results may be difficult to interpret, 
especially on smears that are destained and restained. 
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TABLE 31-1 PRINCIPAL LESIONS OF LYMPH NODES 
Benign 

Lymphadenopathies Lymphomas Metastatic Tumors 



Acute or subacute Hodgkin lymphoma Metastases from various 

lymphadenitis primary sites 

Hyperplastic lymph nodes Non-Hodgkin 

lymphomas 

Follicular hyperplasia 
Paracortical 
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hyperplasia 

Granulomatous 

lymphadenitis 

Sinusoidal expansion 

Adapted from Koss et al., 1992 with permission. 



Chronic Lymphadenitis (Reactive Hyperplasia) 

Chronic lymphadenitis, more often referred to as reactive hyperplasia of lymph nodes, 
is the most common cause of lymphadenopathy and the most common diagnosis made on 
lymph node aspirates. 

Lymph node enlargement in chronic conditions may be caused by an enlargement of the 
lymphoid follicles, the pulp of the lymph nodes, the peripheral sinuses, or a combination of all 
three. In reactive hyperplasia, one component of the lymph node usually predominates and, 
therefore, the disorder is usually classified by pattern (Table 31-2). However, the architectural 
pattern cannot be assessed by FNAand, therefore, it is difficult to determine specific causes of 
benign hyperplasia in a cell sample. 

Follicular and Paracortical Hyperplasia 

Follicular hyperplasia can occur at any age, but it is more common in children. The cervical, 
axillary, and inguinal lymph nodes are frequently involved because they drain large areas of the 
body. Reactive nodes are usually less than 3 cm in diameter, although they may be larger in 
children. 




Figure 31-6 Suppurative lymphadenitis. Aspirate shows acute inflammatory cells and 
cellular debris. 
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Cytology 

In general, the aspirates are quite cellular and are composed of dispersed, isolated, 
single cells with marked variability in size and configuration. Small lymphocytes are 
usually the dominant cell type (Fig. 31-7). Follicle center cells, which are a mixture of small 
and large lymphocytes with cleaved nuclei, large cells with vesicular nuclei, and immunoblasts, 
are present in varying proportions, sometimes forming small cell aggregates (Fig. 31-8). In 
optimal preparations, one may be able to differentiate between large noncleaved cells 
(centroblast) containing two or three nucleoli located near the nuclear membrane and 
immunoblasts containing only one centrally placed, often irregular, large nucleolus (Koss et al, 

1992). Plasma cells and tingible body macrophages are usually present, the latter recognized 
by their very large size and the presence of phagocytized debris in their vacuolated cytoplasm 
(Fig. 31-9). Dense, basophilic fragments of apoptotic nuclei and occasional mitotic figures may 
be seen. 

Immunophenotyping reveals a typical polyclonal population with no clonal excess of light 
chains (Fig. 31-10). Reactive T cells may constitute a large proportion of the cell population; 
however, if they exceed 80%, a low-grade T-cell lymphoma should be considered. DNAploidy 
analysis usually shows a diploid population with variable S-phase. 

Conditions Associated with Follicular and Paracorticai Hyperplasia 

Rheumatoid arthritis is an autoimmune disease that is associated with lymphadenopathy. 

In rheumatoid arthritis, aspirates show florid, reactive hyperplasia and numerous plasma 
cells with eosinophilic, cytoplasmic inclusions, known as Russell bodies. Similar changes can 
be seen in lymph nodes from patients with Sjogren syndrome, characterized by 
keratoconjunctivitis and xerostomia, and Felty syndrome, characterized by splenomegaly, 
hematologic disorders that result from hypersplenism, leg ulcers, and polyarticular rheumatoid 
arthritis. 

Systemic lupus erythematosus (SLE) is also associated 
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with lymphadenopathy. Aspirates taken from patients with SLE show numerous small 
lymphocytes, transformed lymphocytes, and tingible body macrophages in a background of 
necrosis. In addition, LE cells in various stages of formation may be observed. The LE cells 
contain amorphous basophilic bodies, composed of aggregates of DNA, polysac-charides, and 
immunoglobulins, and ranging from 5 to 12 microns in diameter (Ko and Lee, 1992; see Chap. 

26). 



TABLE 31-2 CONDITIONS ASSOCIATED WITH REACTIVE LYMPHOID HYPERPLASIA: 


PREDOMINANT HISTOLOGIC PATTERN BY ETIOLOGY 


Type of Reactive 




Lymphoid 




Hyperplasia 


Associated Conditions 


Follicular and 


Rheumatoid arthritis 


paracorticai 


Castleman disease 
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hyperplasia Syphilis 

Bacterial infection (early) 
Dermatopathic lymphadenopathy 
Kimura disease 
Viral infection 

Post vaccinal lymphadenopathy 
Drug-induced hypersensitivity 
Kikuchi lymphadenitis 
Systemic lupus erythematosus 
Lymph nodes draining carcinoma (rare) 
Whipple disease (some cases) 



Granulomatous Mycobacterial infections 

lymphadenitis Fungal infections 

Toxoplasmosis 

Whipple disease (some cases) 

Berylliosis 

Bacterial infections, including cat-scratch disease, 
lymphogranuloma venereum, tularemia, and yersinial 
lymphadenitis 
Lymphoma (some cases) 

Lymph nodes draining carcinoma (few cases) 



Sinusoidal Sinus histiocytosis with massive lymphadenopathy 

expansion Lymphangiogram effect 

Whipple disease (some cases) 
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Figure 31-7 Reactive lymph node. Smears show predominantly small cleaved 
lymphocytes and occasional noncleaved cells. 
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Castleman disease is also known as giant lymph node or angiofollicular hyperplasia. There 
are two morphologic subtypes: the more common hyaline-vascular and the less common 
plasma cell variant. The hyaline-vascular type 
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can affect patients of any age, but most are asymptomatic young adults. The mediastinum is 
most commonly involved, followed by the cervical lymph nodes. Aspirates taken from patients 
with the hyaline-vascular form of Castleman disease show primarily small, mature 
lymphocytes and occasionally larger, atypical cells consistent with follicular dendritic 
cells. Capillaries are often intermixed with the lymphocytes and reticular cells (Hidvegi et al, 

1982; Meyer etal, 1999). 









Figure 31-8 Reactive lymphoid hyperplasia. The field shows a lymphoid aggregate 
containing follicular center cells. 
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Figure 31-9 Reactive lymphoid hyperplasia. Aspirate shows a polymorphous population 
composed of small and large cleaved cells, plasmacytoid lymphocytes, and tingible body 
macrophages {arrow) (A Diff-Quik stain, low magnification; B: Papanicolaou stain, high 
magnification.) 
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Figure 31-10 Reactive lymphoid hyperplasia. Immunocytochemical studies show a 
polyclonal B-cell population comprising a mixture of kappa- and lambda-positive cells and 
scattered T-cells (CD3+). There is an elevated proliferative activity with a labeling index of 
30% with Ki-67 antibody consistent with a reactive process (Immunoperoxidase stain.) 



The plasma cell variant of Castleman disease may be localized or multicentric. The 
localized form tends to affect the mediastinum and the intraabdominal lymph nodes. Patients 
are usually young adults who have systemic symptoms such as fever, anemia, and 
hypergammaglobulinemia. The multicentric form is more common in patients who are middle- 
aged or older and who have peripheral lymphadenopathy; they tend to have more severe 
systemic symptoms than patients with the localized form. Multicentric Castleman disease 
may also occur in human immunodeficiency virus (HlV)-infected individuals in whom it is 
associated with human herpesvirus type 8 (Kaposi sarcoma virus). Aspirates show a 
polymorphous lymphoid population with occasional immunoblasts and higher than normal 
numbers of plasma cells, some of which contain Russell bodies. 

Kikuchi lymphadenitis is a self-limited disease of unknown cause that appears to be more 
prevalent among Asians than Western populations. Most patients are young women who have 
painful unilateral cervical lymphadenopathy. Infrequently, the lymphadenopathy is generalized. 
Histologically, there are localized areas of necrosis in cortical or paracortical areas with 
prominent karyorrhexis but no polymorphonuclear infiltrate. Atypical mononuclear cells and 
immunoblasts are on the periphery. Some patients have hematologic abnormalities. 

Smears taken from such patients show a heterogeneous population of small and large 
transformed lymphocytes and tingible body macrophages. Scattered in the background 
are necrotic debris and karyorrhectic (apoptotic) cells (Kung et al, 1990; Hseuh et al, 1993; 
Tsang et al, 1994). 

Kimura disease is a chronic inflammatory disorder of unknown origin that may be an aberrant 
immune reaction to an unknown stimulus. This disease is more prevalent in men than in women 
among Asian populations. Patients often have painless lymphadenopathy of the head and neck 
region with cutaneous or subcutaneous nodular lymphoid infiltrates. Aspirates are consistent 
with florid reactive lymphoid hyperplasia with Warthin-Finkeldey-type multinucleated 
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giant cells (Fig. 31-11) and eosinophils (Hui et al, 1989). 



Dermatopathic Lymphadenopathy 

In the presence of chronic skin disorders, lymph node enlargement is common. Histologically, 
there is follicular and paracortical hyperplasia and accumulation of phagocytized granules 
of melanin. Pigment from tattoos may mimic melanin accumulation (Zirkin et al, 2001). The 
principal cells involved are the interdigitating reticulum cells 

that may show complex nuclear contours (Asano et al, 1987). 
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Figure 31-11 Kimura disease. A Aspirate shows a polykaryocyte (Warthin-Finkledey cell 
[arrow]) in a polymorphous lymphoid background. B. Tissue section also shows a germinal 
center also with a polykaryocyte (arrow). (A Diff-Quik stain.) 



The most important points of differential diagnosis are: lymphadenopathy associated with 
cutaneous T-cell lymphoma (see below) and metastatic malignant melanoma (Burke et al, 1986; 
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Cangiarella et al, 2000). 

Viral Infections 

Virus infections, such as with the Epstein-Barr virus (EBV) and the human 
immunodeficiency virus (HIV), are usually associated with lymphadenopathy. Occasionally, 
cytomegalovirus, the measles- and varicella-zoster viruses, and herpesvirus can also 
affect the lymph nodes. The characteristic viral inclusions are described elsewhere (see Chaps. 

10 and 19). 

Infectious mononucleosis is associated with EBV. It is a self-limited infectious disease that 
affects young patients and can result in fever, pharyngitis, rash, and cervical adenopathy. The 
axillary and inguinal lymph nodes can also be affected. Atypical lymphocytes are present in the 
peripheral blood. Most of these cases are diagnosed clinically and confirmed with a heterophil 
antibody (Monospot) test. However, some patients may have an unusual presentation of this 
disease, such as lymphadenopathy without associated symptoms, and their lymph nodes may 
have to be aspirated to confirm the diagnosis. 

Aspirates of infectious mononucleosis can be quite variable, but they usually show a 
polymorphous population of small and large transformed lymphocytes, immunoblasts with 
binucleation, tingible body macrophages, plasma cells, eosinophils, and mast cells. The 
immunoblastic proliferation may be so florid that it may be mistaken for lymphoma, but 
the spectrum of immunoblastic maturation in cells with plasmacytoid features is not seen in 
lymphomas. Binucleated immunoblasts, resembling the Reed-Sternberg cells observed 
in Hodgkin lymphoma, have been described in infectious mononucleosis and postvaccinal 
lymphadenitis; however, these cells usually do not meet the strict criteria for Reed-Sternberg 
cells (Kardos et al, 1988; Stanley et al, 1990a). 

Infection with Human Immunodeficiency Virus 

Individuals infected with HIV commonly have lymphadenopathy. FNAis a useful tool to 
determine whether the enlarging lymph nodes are related to viral or opportunistic infections, 

Kaposi sarcoma, high-grade lymphoma, or metastatic carcinoma (Martin-Bates et al, 1990; 

Strigle et al, 1992). Needle aspiration biopsy and flow cytometry of lymph nodes has been 
proposed as potentially useful in assessing the clinical status of HIV-infected patients (Cajigas 
et al, 1997). 

HIV lymphadenitis may be associated with a spectrum of changes, ranging from florid 
lymphoid hyperplasia to marked lymphoid depletion. As in other types of viral 
lymphadenitis, aspirates from florid lymphoid hyperplasia typically show a heterogeneous 
population of small, intermediate, and large lymphocytes; plasma cells; and tingible body 
macrophages (Oertel et al, 1990; Shabb et al, 1991). Multinucleated giant cells or 
polykaryocytes with multiple small nuclei that resemble osteoclasts (Warthin- 
Finkeldey cells, also seen in measles) and epithelioid histiocytes have also been 
observed. Oertel et al (1990) noted that lymph node aspirates from HIV-positive patients 
contained a higher number of immunoblasts than did those from HIV-negative patients. In some 
cases, the presence of numerous immature cells may be suggestive of lymphoma 
(Fig. 3-12). Immunophenotyping is usually helpful in confirming a polyclonal population. 

In the depletion phase, aspirates often have sparse follicular center cells, immunoblasts, and 
tingible body macrophages but high numbers of plasma cells. Macrophages may also be 
seen. In such cases, infections caused by mycobacteria and fungi should be ruled out. 
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Granulomatous Lymphadenitis 

In histologic sections, the presence of granulomas, composed of epithelioid and giant cells 
with or without central necrosis, is the hallmark of granulomatous lymphadenitis. Granulomas 
are approximately spherical structures of various 
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sizes, composed of elongated epithelioid cells with pale, eosinophilic cytoplasm and giant 
cells, usually of Langhans type, with a garland of peripheral, small nuclei. Granulomatous 
lymphadenitis can be seen, not only in infectious processes such as tuberculosis, atypical 
mycobacteriosis, brucellosis, or infections caused by fungi or Pneumocystis carinii, but 
also in sarcoidosis, foreign-body reactions, non-Hodgkin lymphoma, Hodgkin 
lymphoma, and, rarely, lymph node-draining carcinoma. 




Figure 31-12 Reactive lymphoid hyperplasia. A,B. An increased number of transformed 
lymphocytes and paraimmunoblasts are present in this aspirate from a patient infected with 
human immunodeficiency virus. C. High magnification of the tissue section shows a 
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spectrum of lymphoid cells including small lymphocytes, intermediate-size transformed 
cells, and immunoblasts. (A Diff-Quik stain; B: Papanicolaou stain; A,B: oil immersion.) 



Cytology 

In aspirates, granulomatous lymphadenitis is characterized by epithelioid histiocytes in a 
background of lymphocytes and plasma cells. Epithelioid histiocytes are elongated 
polygonal cells with pale cytoplasm, indistinct cell borders, and elliptical, sometimes 
comma- or boomerang-shaped pale nuclei with finely granular chromatin, and 
frequently slight lateral indentations (Fig. 31-13). These cells may form loose aggregates or 
cohesive clusters that are reminiscent of granulomas when seen in tissue sections. 
Multinucleated giant cells of foreign-body-type with dispersed nuclei or Langhans type giant 
cells are often present. Granulomatous lymphadenitis may or may not show associated 
necrosis, which appears as acellular granular material on smears. 




Figure 31-13 Granulomatous lymphadenitis. A Epithelioid histiocytes and lymphocytes 
are seen in an aspirate from a patient with tuberculosis. B. Tissue section shows 
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granulomas composed of epithelioid histiocytes and a Langhans-type giant cell. 
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Conditions Associated with Granulomatous Lymphadenitis 
Mycobacterial infections, including those caused by Mycobacterium tuberculosis and 
atypical mycobacteria, are associated with granulomatous lymphadenitis. World-wide, 
tuberculosis is the leading infectious cause of morbidity and mortality. In the United States, the 
number of new cases of tuberculosis has increased over the last decade, primarily in areas 
where HIV infection is prevalent. Individuals at high risk for tuberculosis include infants and 
young children, elderly adults, and immunocompromised patients such as those infected with 
HIV 

Very rarely, smears from the lymph nodes of patients with tuberculous lymphadenitis may 
show only necrotic material and neutrophils (Das, 2000). The presence of negative 
images of bacilli (Fig. 31-14) on air-dried Romanovsky's stained smears is a helpful diagnostic 
clue that 
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the lymph node is infected by mycobacteria (Stanley et al, 1990b; Ang et al, 1993). The acid- 
fast bacillus stain can be performed even on destained Papanicolaou-stained smears to identify 
mycobacterial organisms, although the detection rate is quite variable with this method. 
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Figure 31-14 Mycobacterial infection. A. Negative-images {arrow) of mycobacterial 
bacilli are seen in air-dried smears from a patient who had lymphadenopathy thought to be 
caused by lymphoma. B. Acid-fast stain shows long, beaded, filamentous bacilli (arrow) 
that were classified as Mycobacterium kansasii by culture. (A Diff-Quik stain; B: Ziehl- 
Neelsen stain; AB: oil immersion.) 



Mycobacterium avium-intracellulare infection should be considered when aggregates 
of large histiocytes are filled with negatively stained linear cytoplasmic inclusions, 
particularly in patients who are immunosuppressed (Shabb et al, 1991). In lepromatous 
leprosy, the characteristic cell is a syncytial histiocyte (Virchow or globus cell), which is 
frequently multinucleated and has a vacuolated cytoplasm that contains numerous lepra bacilli 
(Gupta et al, 1981). 

Fungal infections, previously discussed in depth in Chapter 19, such as those caused by 
Histoplasma capsulatum, Coccidioides immitis, and Cryptococcus neoformans, may 
involve lymph nodes. Chaiwun et al (2002) reported eight HIV-positive patients with 
lymphadenopathy caused by Penicillium marneffei. The Gomori's methenamine silver stain is 
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helpful in detecting these organisms in cytologic preparations. 

Histoplasmosis is endemic in the central part of the United States, while 
coccidioidomycosis is endemic in the southwestern regions. Histoplasmosis involving the 
mediastinal lymph nodes may be associated with inflammation and proliferation of fibrous tissue 
resulting in sclerosing mediastinitis. Aspirates of lymph nodes from patients with 
coccidioidomycosis often show extensive necrosis; careful examination may reveal thick-walled 
cysts containing endospores (Fig. 31-15). Cryptococcus may affect both immunocompetent 
and immunosuppressed patients. Aspirates of lymph nodes from infected patients show 
epithelioid histiocytes, yeast-filled giant cells, and lymphocytes (Fig. 31-16). The narrow-based 
budding yeasts usually have a thick mucopolysaccharide capsule that stains positive with 
mucicarmine stain. The Fontana-Masson stain, which provides the advantage of staining 
capsule-deficient organisms, can also be used (Ro et al, 1987). 

Lymphadenitis in toxoplasmosis usually affects the posterior cervical lymph nodes, although 
other lymph nodes may be involved. Infection most commonly results from exposure to 
contaminated cat feces or ingestion of undercooked meat. Aspirates show a polymorphous 
lymphoid 
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population admixed with loosely aggregated epithelioid histiocytes and tingible body 
macrophages. The crescent-shaped organisms are rarely observed in aspirates (Argyle et al, 

1983). Pneumocystis carinii, discussed at length in Chapter 19, can also cause 
granulomatous lymphadenitis in AIDS. 
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Figure 31-15 Coccidiomycosis immitis. A Smear shows a spherule in a background of 
acute inflammatory cells. B. Cell block shows an aggregate of lymphocytes, epithelioid 
histiocytes, and a multinucleated giant cell in a background of necrosis. C. A mature 
spherule contains endospores (arrow). (A High magnification; B: H & E stain; C: Gomori's 
methenamine silver stain, high magnification.) 
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Figure 31-16 Cryptococcal lymphadenitis. A Smear shows histiocytes (arrow) with 
phagocytized material. B. Gomori methenamine silver stain shows yeast (arrow) varying in 
size with occasional narrow-based budding. C. Amucicarmine stain highlights the thick 
mucopolysaccharide capsule. (A-C: Oil immersion.) 



Lymphadenitis associated with rhinoscleroma was reported by Gera et al (1995). Large 
macrophages, known as Mikulicz cells, containing Gram-negative bacteria, were observed. 

Sarcoidosis is a granulomatous disease of unknown cause that affects blacks more frequently 
than whites. The disease is usually diagnosed in the third and fourth decades of life. It can 
affect any organ, including cervical and hilar lymph nodes (Frable and Frable, 1984; Morales et 
al, 1994). For a discussion of the cytologic presentation of sarcoidosis, see Chapter 19. 

Similar granulomas may occur in lymph nodes draining metastatic cancer. 

Cat-scratch disease is caused by a pleomorphic Gramnegative bacillus, Bartonella 
henselae. The disease should be suspected if the aspirate from an axillary or neck lymph node 
reveals granulomatous inflammation accompanied by neutrophils, necrosis, and occasional 
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multinucleated giant cells (suppurative granulomatous inflammation) (Fig. 31-17) in a 
young patient who has had close contact with a cat. 




Lymphogranuloma venereum, caused by Chlamydia trachomatis, should be considered 
when the aspirate of an inguinal lymph node exhibits suppurative granulomatous inflammation 
(see Chap. 10). Similar findings may be observed in the rare tularemia (caused by Franciseiia 
tuiarensis, transmitted from rabbits and other rodents) and in the abdominal lymph nodes in 
the equally rare intestinal infection by the Gram-negative organism Yersinia ( enterocoiica or 
pseudotuberculosis) . 
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Sinusoidal Expansion Of Lymph Nodes 

Sinus histiocytosis is a common type of lymph node hyperplasia that affects mainly the axillary 
and inguinal areas. This type of hyperplasia may also be observed in lymph nodes that 
drain cancers. In histologic sections of lymph 
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nodes, the markedly dilated sinuses are filled with macrophages that have abundant, foamy 
cytoplasm. In aspirates, a few macrophages with phagocytic material and occasional 
neutrophils are seen. 

Conditions Associated with Sinusoidal Expansion 

Sinus histiocytosis with massive lymphadenopathy, also known as Rosai-Dorfman 
disease, is a benign, generally self-limited condition. It usually affects children and 
adolescents, occurs more frequently in black than white patients, and is characterized by 
bilateral cervical lymphadenopathy, leukocytosis, and an elevated erythrocyte sedimentation 
rate. Aspirates usually contain numerous histiocytes, some containing whole 
lymphocytes within their cytoplasm (a phenomenon known as emperipolesis) (Fig. 31- 
18), plasma cells, and few neutrophils (Pettinato et al, 1990; Deshpande et al, 2000). 

Langerhans cell histiocytosis is a rare disorder, usually occurring in children and young 
adults. It most commonly presents as a single lytic bone lesion (eosinophilic granuloma), 
composed of mature, lipid-laden histiocytes, Langerhans' cells with pale eosinophilic 
cytoplasm, and a finely textured characteristically indented or grooved nuclei and varying 
numbers of eosinophils, plasma cells, and neutrophils with a few multinucleated giant cells. 

Less commonly, Langerhans-cell histiocytosis is multifocal and may involve soft tissue including 
lymph nodes, sometimes with the triad of Hand Schuller Christian disease (exophthalmos, 
diabetes insipidus, and bone defects). Langerhans cells are dendritic cells, normally present 
in the epidermis and other epithelia, and are thought to play a role in the immunologic response 
of the skin. They are antigen-presenting cells characterized by expression of CD-I a 
antigen and the presence of tennis racquet-shaped tubular cytoplasmic structures (Birbeck 
granules) on ultrastructural examination. In needle aspirates, the Langerhans cells have a 
striking similarity to the macrophages observed in sinus histiocytosis, except for their 
convoluted and grooved nuclei and the absence of phagocytosis (Koss et al, 1992). 

Their identity can be confirmed by staining with CD-la antibody. Needle aspiration 
smears usually also contain eosinophils and multinucleated giant cells, plasma cells, and 
neutrophils; the presence of eosinophils should always alert one to this diagnosis 
(Pohar-Marinsek and Us-Krasovec, 1996; Kakkaretal, 2001). 
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Figure 31-18 Sinus histiocytosis with massive lymphadenopathy. A Numerous 
histiocytes (macrophages) are present. B. Note the histiocyte (macrophage) with 
emperipolesis (arrow). (A Diff-Quik stain, high magnification; B: Papanicolaou stain, oil 
immersion.) 



Phagocytosis of foreign material may be associated with lymphadenopathy. In the past, 
lymphangiography was performed to visualize retroperitoneal lymph nodes in suspected 
lymphoma or metastatic carcinoma. A radio-opaque oily material, injected into the lymphatics of 
the dorsum of the foot, is transported to retroperitoneal lymph nodes and phagocytized by 
macrophages. Aspiration of such lymph nodes results in the so-called lymphangiogram 
effect. The smears show large, lipid-laden histiocytes, multinucleated giant cells, and 
eosinophils. Leaking or rupture of silicone implants used in breast augmentations or joint 
prostheses may result in silicone reaching the regional lymph nodes, which are generally 
enlarged. Aspirates from the lymph nodes of such patients may show silicone 
lymphadenopathy, which is characterized by the presence of numerous vacuolated 
macrophages and multinucleated giant cells. The vacuoles contain silicon, a retractile 
homogeneous material that is not birefringent. Asteroid bodies, which are crystalloid 



2075 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



31 - Lymph Nodes 



structures resembling stars, may be seen in the cytoplasm of the macrophages (Tabatowski et 
al, 1990; Dodd et al, 1993). It is of interest that asteroid bodies may also be observed in 
sarcoidosis (see Chap. 19). 

POSTTRANSPLANTATION LYMPHOPROLIFERATIVE DISORDERS 

Posttransplantation lymphoprol iterative disorders occur in approximately 2% of organ-transplant 
recipients who were given immunosuppressive therapy. Epstein-Barr virus (EBV) is commonly 
associated with these disorders. Their recognition is important because, unlike conventional 
lymphomas, they may respond to a decrease in the dosage of immunosuppressive treatments, 
whereas continued immunosuppression may lead to disease progression. Further, these 
disorders may not respond to conventional chemotherapy (Knowles et al, 1995). 

P.1198 

Aspirates from patients who have posttransplantation lymphoproliferative disorder 
may have either a polymorphous or monomorphous cell population. In the former, 
aspirates show a heterogeneous population of mature and immature lymphocytes, with 
scattered plasma cells and histiocytes in the background, whereas aspirates from the latter 
contain predominantly large cells resembling lymphoma (Gattuso et al, 1997; Dusenbery et al, 

1997). 

Knowles et al (1995) classified posttransplantation lymphoproliferative disorders into three 
categories according to distinct morphologic and molecular findings: 

■ Plasmacytic hyperplasia 

■ Polymorphic B-cell hyperplasia and polymorphic B-cell lymphoma 

■ Immunoblastic lymphoma or multiple myeloma 

In plasmacytic hyperplasia, the cells are usually polyclonal, contain multiple forms of EBV, 
and lack oncogene and tumor suppressor gene alterations. In polymorphic B-cell 
hyperplasia and polymorphic B-cell lymphoma, cells are usually monoclonal, contain a 
single form of EBV, and lack oncogene and tumor suppressor gene alterations. The patients 
with immunoblastic lymphoma or multiple myeloma have widespread disease and the 
cells are monoclonal, contain a single form of EBV, and have alterations of one or more 
oncogenes or tumor suppressor genes. For further discussion of these entities, see below. 

MALIGNANT LYMPHOMAS 

In the past, the principal role of FNAof lymph nodes was to determine the presence of 
metastatic carcinoma or sarcoma. The idea that one could diagnose and subclassify lymphoid 
neoplasms by FNAwas met with skepticism by pathologists and clinicians (Hajdu and Melamed, 

1984). Although the presence of an atypical lymphoid population was recognized on FNA 
specimens in most instances of lymphoma, a definitive diagnosis of lymphoma was usually 
rendered only on excised lymph nodes. Over the last two decades, there has been a gradual 
increase in the number of publications that document the value of FNA in the diagnosis and 
subclassification of non-Hodgkin lymphomas in conjunction with ancillary studies, from 
several institutions (Ramzy et al, 1985; Carter et al, 1988; Frable and Kardos, 1988; Cardillo, 

1989; Cafferty et al, 1990; Sneige et al, 1990; Gupta et al, 1991; Suhrland and Wieczorek, 

1991; Moriarty et al, 1993; Steel et al, 1994; Prasad et al, 1996; Dunphy and Ramos, 1997; 

Jeffers et al, 1998; Wakely et al, 1998; Young et al, 1998; Das, 1999; Meda et al, 2000; Nasuti 
et al, 2000; Nicol et al, 2000). However, even in some of these institutions, FNA is used 



2076 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



31 - Lymph Nodes 



primarily to document residual or recurrent lymphoma or to assess the stage of the 
disease. The use of FNAto render a primary diagnosis of lymphoma remains 
controversial (Frable and Kardos, 1988; Kardos et al, 1986; Hehn et al, 2004). 

Many of the limitations of FNAin the diagnosis of lymphoproliferative disorders have been 
addressed by Katz and Caraway (1995). One of the major drawbacks to the use of FNAis the 
lack of lymph node architecture that is important in the subclassification of some lymphomas. 

However, because many lymphomas have distinctive cytomorphologic, immunophenotypic, and 
proliferative profiles, the absence of architecture can be overcome in these instances by 
immunophenotyping. A subsequent lymph node excision should always be performed if 
the material is inadequate, if the results are ambiguous, or if the clinical and 
radiographic findings are not in accord with the cytologic interpretation. 

Classification of Lymphomas 

Over the last 50 years, several systems have been proposed to classify malignant lymphomas. 

New systems have been formulated as the sequence of events in the turnover and maturation 
of lymphocytes has become better understood. Three discoveries were especially important in 
this process: the first was the observation that the basic characteristics of normal B and T 
lymphocytes may be retained by the lymphoma cells; the second was the recognition that small 
lymphocytes are a resting form of the cell that can undergo a series of notable metamorphoses, 
leading to the formation of large, metabolically active cells; and the third was the recognition 
that non-Hodgkin lymphomas exhibit both diffuse and nodular or follicular forms. In the latter 
form, the tumor tends to mimic the formation of lymphoid follicles and, sometimes, their germinal 
centers. 

Early classification systems used primarily tissue architecture, the cytologic features of the 
cells, or both. In the 1980s, the complexity of the Rappaport (1966), Lukes and Collins (1974), 
and Lennert from Kiel (1967) classification systems prompted the U.S. National Cancer Institute 
to classify non-Hodgkin lymphomas into groupings with some prognostic value (Koss et al, 

1992). The resulting classification, known as the Working Formulation (non-Hodgkin 
pathologic project, 1982) of non-Hodgkin lymphomas had three grades: low, intermediate, and 
high, all three derived strictly from morphologic appearance. Since then, remarkable progress 
has been made in our understanding of lymphomas on the basis of laboratory findings such as 
morphologic features, immunophenotype, cytogenetic features, molecular analysis, and clinical 
manifestations and course of the disease (Jaffe et al, 1999). The information from these 
findings has been used to develop the Revised European-American Classification of 
Lymphoid Neoplasms (REAL), proposed by the International Lymphoma Study Group (Harris 
et al, 1994). The REAL system categorizes entities on the basis of the neoplasm's cell of origin. 
Because this system places greater emphasis than previous systems on cytomorphologic 
features, immunophenotype, and results of molecular studies, it can be applied easily, using a 
multiparameter approach to FNA specimens. The new (1998) World Health Organization 
(WHO) classification for lymphomas (Table 31-3) is similar to the REAL system; minor 
modifications have been made as additional data have become available (Jaffe et al, 1999). 

R1199 



TABLE 31-3 WORLD HEALTH ORGANIZATION CLASSIFICATION OF THE 
NEOPLASTIC DISEASES OF THE LYMPHOID TISSUES 



2077 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



31 - Lymph Nodes 



B-Cell Neoplasms 

Precursor B-cell lymphoblastic leukemia/lymphoma 
Mature B-cell neoplasms 

Chronic lymphocytic leukemia/small lymphocytic lymphoma 
Prolymphocytic leukemia 

Lymphoplasmacytic lymphoma (lymphoplasmacytoid lymphoma) 

Mantle cell lymphoma 

Follicular lymphoma (follicle center lymphoma) 

Marginal zone B-cell lymphoma of mucosa-associated lymphoid tissue (MALT) 
type 

Nodal marginal zone lymphoma with or without monocytoid B-cells 

Splenic marginal zone B-cell lymphoma 

Hairy cell leukemia 

Diffuse large B-cell lymphoma 

Subtypes: mediastinal (thymic), intravascular, primary effusion lymphoma 
Burkitt lymphoma 
Plasmacytoma 
Plasma cell myeloma 
T-Cell and NK-cell Neoplasms 

Precursor T-cell lymphoblastic leukemia/lymphoma 
Mature T-cell and NK-cell neoplasms 
T-cell prolymphocytic leukemia 
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NK-cell leukemia 

Extranodal NK/T-cell lymphoma, nasal-type (angiocentric lymphoma) 
Mycosis fungoides 
Sezary syndrome 

Angioimmunoblastic T-cell lymphoma 
Peripheral T-cell lymphoma (unspecified) 

Adult T-cell leukemia/lymphoma (HTLV1+) 

Systemic anaplastic large cell lymphoma (T- and null-cell types) 

Primary cutaneous anaplastic large cell lymphoma 
Subcutaneous panniculitis-like T-cell lymphoma 
Enteropathy-type intestinal T-cell lymphoma 
Hepatosplenic y/A T-cell lymphoma 
Hodgkin Lymphoma (Hodgkin Disease) 

Nodular lymphocyte predominance Hodgkin's lymphoma 
Classic Hodgkin lymphoma 

Hodgkin lymphoma, nodular sclerosis type (grades I and II) 

Classic Hodgkin lymphoma, lymphocyte-rich 
Hodgkin lymphoma, mixed cellularity 

Hodgkin lymphoma, lymphocytic depletion (includes some “Hodgkin-like 
anaplastic large cell lymphoma”) 

Modified from Jaffe et al, 1999 with permission. 

NK, natural killer cells; HTLV human T-cell lymphoma virus; +, positive. 
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This chapter highlights the B-cell lymphomas, which are the most common in everyday practice. 

T-cell lymphomas are briefly discussed but not all the lymphomas listed in the REAL or updated 
WHO classifications are discussed. 

Principles of Cytologic Diagnosis of Malignant Lymphomas 
The population of cells in non-Hodgkin's lymphomas is usually monotonous, that is, 
the cells are of approximately equal sizes. There are some exceptions to this rule, 
described below. Cells of malignant lymphomas in well-prepared smears appear singly 

and do not form clusters. In poorly prepared smears, overlapping of cells may sometimes be 
observed. In assessing smears, the lymphoid cells are classified as “small” if they are equal in 
size or slightly larger than normal resting lymphocytes; “intermediate” if they are one and one- 
half times larger than the size of a normal lymphocyte but not larger than the nucleus of a 
macrophage; or “large” if they are two or more times the size of a normal lymphocyte. 

The nuclei may be round, cleaved, or lobulated, or show irregularities of the membrane 

with small protrusions. The coarse or fine patterns of chromatin distribution and the presence or 
absence of nucleoli must be noted. 

Lymphoglandular bodies (Soderstrom bodies) discussed in the opening pages of this 
chapter, are helpful in recognizing the lymphocytic origin of a neoplasm if the cell population is 
difficult to classify, as is sometimes the case in large-cell lymphomas. Although Bangerter et al 
(1997) considered the Soderstrom bodies to be specific for malignant lymphomas and related 
disorders, they are commonly observed in benign aspirates and, rarely, in other malignancies 
as well. 

B-Ceii Lymphoma 

Mature B-cell lymphomas comprise the majority of lymphoid neoplasms worldwide and are more 
common in developing countries. The subclassification of these neoplasms requires a 
multiparameter approach. 

Small Lymphocytic Lymphoma 

Most cases of the small lymphocytic lymphomas occur in older adults, and most patients have 
bone marrow and peripheral blood involvement, although occasionally the disease is limited to 
the lymph nodes. Many patients with the latter form eventually develop disease in the bone 
marrow and blood. The clinical course is indolent but the disease is not curable. The disease 
may undergo transformation into prolymphocytic lymphoma, large-cell lymphoma (Richter 
syndrome), or, rarely, Hodgkin lymphoma. 

Cytology 

Small lymphocytic lymphoma comprises a monomorphous population of small, round 
lymphocytes with nuclei that have a checkerboard pattern of clumped chromatin, known as 
“cellules grumelees” (Fig. 31-19). For a detailed discussion of these cells see Chapters 26 and 
27. Scattered in the background are large cells — prolymphocytes and paraimmunoblasts. 
Prolymphocytes are slightly larger than paraimmunoblasts, but both have round nuclei with 
prominent nucleoli and gray-blue cytoplasm. 
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An increase in the numbers of paraimmunoblasts (Fig. 31-20) may indicate a more aggressive 
clinical course than that of typical small lymphocytic lymphoma (Pugh et al, 1988). 

Other cytologic manifestations of unfavorable accelerated course are plasmacytoid cells, mitotic 
figures, apoptotic bodies, necrosis, and a myxoid, dirty background (Shin et al, 2003). The 
predominance of large cells is indicative of a transformation of small cell lymphoma into a large 
B-cell lymphoma (Richter lymphoma). 

Ancillary Studies 

Immunophenotyping demonstrates a light chain restriction to either kappa or lambda 
expression (Fig. 31-21) and positivity for B-cell-associated antigens (CD19 and CD20), 

CD5, CD43, and CD23, but negativity for 

P.1201 

CD10 and FMC7. DNAploidy analysis of small lymphocytic lymphoma shows a diploid 
population with low proliferative activity (mean Ki-67 labeling index of 5%) (Katz, 1993c), 
whereas transformed large-cell lymphomas have high proliferative activity. 
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Figure 31-19 Small lymphocytic lymphoma. A,B. Aspirate is composed predominantly 
of small round cells with clumped chromatin and rare paraimmunoblasts (arrow). C. Tissue 
section shows a diffuse infiltrate of small lymphocytes with occasional paraimmunoblasts. 
(A Diff-Quik stain; B: Papanicolaou stains.) 




Figure 31-20 Small lymphocytic lymphoma with increased paraimmunoblasts. The 

increased number of paraimmunoblasts and presence of mitotic figures are suggestive of 
an accelerated phase of small lymphocytic lymphoma. (Diff-Quik stain.) 
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Figure 31-21 Small cell lymphocytic lymphoma. A. Immunocytochemical studies show 
monoclonal staining for lambda and CD5 positivity. Note that the CD5 staining is fainter in 
the B cells than in the T cells (arrows). B. Flow cytometry shows T-cell (CD3+) and B-cell 
(CD20+) population. There are also cells with CD19 and CD5 coexpression. C. DNAploidy 
by image analysis reveals a diploid cell population and no proliferation index indicative of a 
low-grade lymphoma. (A Immunoperoxidase stain.) 



Trisomy 12 is present in one-third of small lymphocytic lymphoma (Knuutila et al, 1986). It 
may be demonstrated by FISH on cytospin aspirations with a centromeric probe (Caraway et al, 
2000). Deletion of chromosome 13q14 is more common than trisomy 12 (Najfeld, 2003). 
Immunoglobulin heavy and light chain genes are rearranged (Harris et al, 1994). 

Differential Diagnosis 

Although both small lymphocytic lymphoma and mantle cell lymphoma show aberrant 
coexpression of CD5 and CD19 and lack CD10, small lymphocytic lymphoma is positive 
for CD23, whereas mantle cell lymphoma is not. Both follicular lymphoma and marginal 
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zone lymphoma are CD5 negative. Lymphocyte-predominant Hodgkin lymphoma 
should be considered if pale polyploid cells with prominent nucleoli (so-called 
lymphohistiocytic, L&H, or “popcorn” cells) appear in a background of mature lymphocytes 
instead of paraimmunoblasts. 

Lymphoplasmacytic Lymphoma 

Lymphoplasmacytic lymphoma occurs primarily in older adults and can involve the bone 
marrow, lymph nodes, and spleen; peripheral blood and extranodal sites are less frequently 
affected. Most patients have an elevated level of monoclonal serum paraprotein of the 
immunoglobulin M type that sometimes results in symptoms of hyperviscosity (Waldenstrom 
macroglobulinemia). 

Cytology 

Smears of lymphoplasmacytic lymphoma show numerous small lymphocytes, 
plasmacytoid, and plasma cells. Occasionally, intranuclear inclusions known as Dutcher 
bodies may be observed. 

Ancillary Studies 

Immunophenotyping shows light-chain restriction, positive staining for B-cell-associated 
antigens (CD19 and CD20), negative staining for CD5, CD10, and CD23, and variable staining 
for CD43. DNAploidy analysis usually shows a diploid cell population with low proliferative 
activity. 

Immunoglobulin heavy chain and light chain genes are rearranged, but there is no single 
known chromosomal abnormality that is considered characteristic of lymphoplasmacytic 
lymphoma. 

Differential Diagnosis 

In contrast to lymphoplasmacytic lymphoma, small lymphocytic and mantle cell lymphomas are 
CD5 positive. In addition, mantle cell lymphoma has a more homogeneous cell population. 

Reactive processes, such as Castleman's disease, can show a predominance of plasma cells, 
but these lesions are polyclonal. 

P.1202 



Mantle Cell Lymphoma 

Mantle cell lymphoma usually occurs in older adults, mostly men. At the time of diagnosis, the 
disease is often widespread and can involve the lymph nodes, spleen, bone marrow, blood, and 
extranodal sites. It is more aggressive than the other B-cell, non-Hodgkin lymphomas that are 
composed of small cells; patients have a median survival time of 3 to 5 years. 

Cytology 

Classic mantle cell lymphoma usually consists of a monomorphous population of 
small to intermediate cells with nuclear membrane irregularities and indentations, fine 
nuclear chromatin, inconspicuous nucleoli, and scant cytoplasm (Fig. 31-22). In some 
cases, the nuclei are round or only slightly irregular, whereas others contain markedly 
angulated and cleaved nuclei. Paraimmunoblasts are absent (Wojcik et al, 1995). 

In approximately 20% of mantle cell lymphomas, the neoplastic cells are larger than 
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usual and have a blastoid appearance, i.e., contain large, irregular nucleoli. Such cases 
are called the blastoid variant of mantle cell lymphoma that tends to have a more aggressive 
clinical course than the conventional type (Weisenburger and Armitage, 1996). The blastoid 
variant may have a monomorphous population of intermediate to large cells (Hughes et al, 

1998) or a mixture of atypical small cells and larger blastic cells (Weisenburger and Armitage, 

1996). The nuclei have irregular contours, finely dispersed chromatin, and multiple small 
nucleoli (Fig. 31-23). Mitotic figures and apoptotic bodies may be scattered in the background 
(Hughes et al, 1998). 




Figure 31-22 Mantle cell lymphoma, classic type. A,B. Aspirate shows a monomorphic 
population of small to intermediate cells with cleaved nuclei. C. Tissue section shows a 
diffuse infiltrate of small lymphocytes. (A: Diff-Quik stain; B: Papanicolaou stain.) 



Ancillary Studies 

Immunophenotyping demonstrates the expression of B-cell-associated antigens (CD19 
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and CD20), CD5, CD79b, and FMC7, and negative staining for CD10 and CD23. Usually 
lambda light chain restriction is more common than kappa light chain restriction. On tissue 
sections, mantle cell lymphoma typically shows positive immunostaining for cyclin D1; 
however, in our laboratory, immunostaining for cyclin D1 on cytospin preparations has been 
variable. 

DNAploidy analysis of classic mantle cell lymphoma usually shows a diploid population 
with low-to-intermediate proliferative activity (Wojcik et al, 1995). In contrast, the blastoid 
variant often shows a tetraploid population (Ott et al, 1997) with high proliferative activity, which 
is consistent with high-grade lymphoma (Hughes et al, 1998). 

Mantle cell lymphoma has a characteristic chromosomal t(11 ; 14) (q13q32) translocation 
that involves the immunoglobulin heavy chain locus and the bcl-1 locus on the long arm of 
chromosome 11. This translocation results in overexpression of the PRAD/bd-1 gene 
that encodes for cyclin D1, a cell-cycle protein (Rimokh et al, 1994). The polymerase chain 
reaction (PCR) detects breakpoints in the major translocation cluster region of bd-1\ however, 
the test is positive in only 50% of mantle cell lymphomas (Rimokh et al, 1994). The t(11;14) 
translocation can be demonstrated by FISH on cytospin preparations (Caraway et al, 1999; 

Katz etal, 2000) (Fig. 31-24). 



Figure 31-23 Mantle cell lymphoma, blastoid variant. In contrast to Figure 31-22, this 
variant is composed of large cells with nuclei containing fine chromatin and several small 
nucleoli. Note abundant apoptosis. (Papanicolaou stain, high magnification.) 
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Figure 31-24 Mantle cell lymphoma. The cell in the center shows two fusion signals 
(arrow) indicative of the t(1 1 ; 14) translocation: one orange signal representing the non- 
translocated cyclin D1 gene on chromosome 11 and one green signal representing the 
nontranslocated immunoglobulin gene on chromosome 14. (Interphase FISH, oil 
immersion.) (FISH picture courtesy of Dr. Jun Gu.) 



Differential Diagnosis 

The smears of most mantle cell lymphomas are uniformly composed of small lymphoid cells, 
whereas smears of small-cell lymphocytic lymphomas and follicular lymphomas have a 
component of larger paraimmunoblasts and centroblasts. Immunophenotyping is also helpful. 
Although both mantle cell lymphoma and small lymphocytic lymphoma are CD5 positive and 
CD10 negative, only the latter is positive for CD23. Follicular lymphomas express CD10 but are 
CD5 negative. Marginal zone lymphoma is also a diagnostic consideration, but it usually has 
a far more heterogeneous population of cells — including monocytoid B cells, plasma cells, and 
centroblasts — than mantle cell lymphoma; furthermore, marginal zone lymphoma is negative for 
CD5 (see below). 

Marginal Zone and MALT Lymphoma 

Marginal zone lymphoma is a rare low-grade, B-cell neoplasm that can have several 
clinical manifestations, including the involvement of extranodal sites, lymph nodes, the spleen, 
and the gastrointestinal tract. Each of these is considered a distinct entity in the updated WHO 
classification system (Jaffe et al, 1999). Extranodal marginal zone lymphoma is also 
known as mucosa-associated lymphoid tissue lymphoma (MALT), and most patients 
have localized disease. MALT lymphomas involving organs of the gastrointestinal tract are 
discussed in Chapter 24. Nodal marginal zone lymphoma is also known as monocytoid B-cell 
lymphoma (Issacson, 1990; Ngan et al, 1991). Splenic marginal zone lymphoma may, or may 
not, have villous lymphocytes (Harris et al, 1994). 

Cytology 
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Lymph node aspirates from patients with marginal zone lymphoma can be quite 
variable but usually have a heterogeneous population of monocytoid cells, small 
cleaved cells, large noncleaved cells, and plasma cells (Fig. 31-25). The monocytoid cells 
are of intermediate size with moderate to abundant amounts of pale cytoplasm; they may have 
a plasmacytoid appearance. The nuclei can be somewhat variable with oval or reniform nuclei, 
vesicular or coarse chromatin, and inconspicuous nucleoli. Tingible body macrophages have 
also been observed in some cases (Matsushima et al, 1999). 

Ancillary Studies 

Immunophenotyping usually demonstrates cells that stain positive for B-cell- 
associated antigens (CD19, CD22, and CD20) and negative for CD5, CD10, CD23, and 
CD103. 

DNA ploidy analysis shows low proliferative activity. 

There are no rearrangements of the bd-1 or bd-2 genes. Trisomy 3 and the t(1 1 ; 1 8), 

(q21;q21) translocations have been reported in extranodal marginal zone lymphomas (Harris et 
al, 1994). 

Differential Diagnosis 

Because both marginal zone lymphoma and reactive processes can have heterogeneous cell 
populations, immunophenotyping is essential in determining whether the cells are 
monoclonal or polyclonal. Small lymphocytic lymphoma and mantle cell lymphoma can be 
differentiated by their CD5 positivity, whereas follicular lymphomas are positive for CD10. 

Differentiating lymphoplasmacytic lymphoma from marginal zone lymphoma may be difficult 
because both contain plasmacytoid cells. Hairy cell leukemia also can involve the spleen and 
lymph nodes and should be differentiated from marginal zone lymphoma (Young and Al-Saleem, 

1999). Besides their characteristic morphology with numerous long microvilli (“hairs”) on the 
surface of the tumor cells, the cells in hairy cell leukemia are positive for the mucosal T- 
lymphocyte antigen CD103. This antigen is helpful in distinguishing hairy cell leukemia from 
other B-cell lymphomas, which are negative for this antigen (Jennings and Foon, 1997). 
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Figure 31-25 Marginal zone lymphoma. Aspirate shows a polymorphous lymphoid 
population with some cells having a monocytoid appearance. (Diff-Quik stain, high 
magnification.) 
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Follicular Lymphomas 

Follicular lymphomas (FLs) are B-cell neoplasms composed of a mixture of cleaved 
follicule center cells (centrocytes) and large noncleaved follicle center cells 
(centroblasts). FLs recapitulate the follicular architecture of the lymph node, at least focally, 
although diffuse areas of lymphoma may also be present. Well-prepared smears from the lymph 
node involved by FL may show follicular or nodular aggregates of follicle center cells. 
However, since the architectural pattern is a prognostic indicator and cannot be reliably 
assessed on FNA specimens, we advocate performing an excisional biopsy at the time of 
the initial diagnosis to allow for further classification of these tumors. 

In the REAL classification, the FLs are subdivided into three cytologic grades: I, 
predominantly small cells; II, mixed small and large cells; and III, predominantly large cells 
(Harris et al, 1994). The decision to institute anthracycline therapy is based on grading (Rigacci 
et al, 2003). 

Cytology 

Smears of follicular lymphomas are composed of a mixture of small, irregular lymphocytes and 
larger cells. The lymphocytes, only slightly larger than normal lymphocytes, have nuclei 
showing irregular contours and inconspicuous nucleoli. The larger cells are centroblasts 
characterized by sharply demarcated basophilic cytoplasm and round, non-cleaved nuclei with 
finely granular chromatin and 2 to 3 peripheral nucleoli (Fig. 31-26). Centroblasts must be 
differentiated from centrocytes with cleaved nuclei and follicular dendritic cells, characterized by 
wispy cytoplasm, indented reniform nuclei, and small nucleoli. An increase in the proportion of 
centroblasts indicates a higher grade of FL (Fig. 31-27). 

As mentioned above, it has been recognized for many years that smears of follicular lymphoma 
contain cell aggregates corresponding to neoplastic follicles (Frable and Kardos, 1988). 
Recently, several authors proposed that grading of follicular lymphomas based on histologic 
criteria proposed by Mann and Berard (1983) and WHO (Jaffe et al, 2001) may be assessed in 
smears, based on the proportion of centroblasts in the follicular aggregates (Young et al, 1998). 
In our institution, grading of follicular lymphomas, based on centroblast counts supplemented 
by calculation of S-phase cells (proliferation index or PI and labelling index with Ki67 or LI, both 
based on image analysis of smears, correlated well with histologic grading (Sun et al, 2004). 

The criteria of FL grading are summarized in Table 31-4. 

Ancillary Studies 

Immunophenotyping of FL is positive for B-cell-associated antigens (CD19 and CD20) 
and bcl-2 protein expression. Staining for CD10 is usually positive, whereas staining for CD5 
and CD43 is negative. 

The bcl-2 oncoprotein is expressed in approximately 80% to 90% of FLs. Expression of bcl-2 
protein is helpful in differentiating reactive from neoplastic follicles on tissue sections because 
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bcl-2 is absent in the reactive follicles but present in most FLs. In cytologic preparations, 
however, bcl-2 expression is not helpful, because the architectural pattern is lost and the 
follicular cells are admixed with interfollicular T cells that also express this antigen (Young and 
Al-Saleem, 1999). 




A 




Figure 31-26 Follicular lymphoma, grade I. A,B. Aspirate shows small cleaved cells and 
rare large noncleaved cells. Note follicular aggregate (arrow) composed of predominantly 
small cleaved cells. C. Similarly, the tissue section shows predominantly small cleaved cells 
and rare large noncleaved cells. (A Diff-Quik stain; B: Papanicolaou stains.) 



DNA ploidy analysis of grade I FL shows a diploid population with low proliferative activity. 
Grade II FL usually has a diploid population but may also have a smaller aneuploid 
subpopulation, and it has low-to-intermediate proliferative activity. Grade III FL may have a 
predominantly diploid or aneuploid population with intermediate-to-high proliferative activity. 



Cytogenetic studies usually show the t(14;18)(q32; 21) translocation that results in the 
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rearrangement of the bci-2 gene and in the expression of the “antiapoptosis” gene 

that is thought to lead to long-lived centrocytes (Tsujimoto et al, 1985; Ngan et al, 1988). The 
t(14;18) (q32;q21) translocation can be demonstrated on interphase nuclei in FNA specimens 
by using FISH (Gong et al, 2003) (Fig. 31-28). 

Differential Diagnosis 

Grade I FL needs to be distinguished from reactive lymphoid hyperplasia, small lymphocytic 
lymphoma, mantle 

P.1205 

cell lymphoma, and marginal zone lymphoma. Differentiating between the small-cell lymphomas 
has been discussed above; the key points are summarized in Table 31-5. Chhieng et al (2001) 
reviewed the performance of cytology supplemented by immunophenotyping in 56 cases of 
small-cell lymphomas of various types and organs. The correct diagnosis could be established 
in 46 or 82% of these cases, most of which were lymph node aspirates. In 7 cases, the 
evidence was insufficient for diagnosis and 3 cases were false-negative. The differential 
diagnosis in grades II and III FL includes peripheral T-cell lymphoma, reactive lymphoid 
hyperplasia with increased numbers of immunoblasts, and large B-cell lymphoma. 

Immunophenotyping is helpful in distinguishing among these entities. 





Figure 31-27 Follicular lymphoma, grade II. A The aspirate is composed of an 
admixture of small and large cleaved cells and large noncleaved cells. B. Flow cytometry 
shows cells with CD19 and CD10 coexpression and negative staining for CD5. (A High 
magnification.) 



TABLE 31-4 



Group 


Centroblast cell count (%) Mean 


Mean PI 


Mean Ki-67 LI (%) 


Grade 1 


9.7 (5.1-15.7) 


0.45 (0-1.8) 


10.8(1-25) 


Grade 2 


24.7(15.9-35.5)* 


1.5 (0.3-4. 8) 


20.4 (5-45)* 


Grade 3 


48.3 (37.5-60.8)*# 


17(1.5-3.0)* 


20.8 (8-40)* 
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* 

= p <0.05 vs. grade 1 group 
= p <0.05 vs. grade 2 group 

Based on centroblasts within follicles counted on Papanicolaou stained directed 
smears 

PI, proliferative Index (S-phase analysis) by image analysis; LI, labeling index with 
proliferation antigen Ki67 




Figure 31-28 Follicular lymphoma. The cell in the center shows two fusion signals 
(arrows) indicative of the reciprocal t(14; 1 8) translocation: one orange signal representing 
the bcl-2 gene on chromosome 18, and one green signal representing the IgH gene on 
chromosome 14. (Interphase FISH, oil immersion.) (Courtesy of Dr. Jun Gu.) 



Large B-Cell Lymphoma 

Large B-cell lymphomas comprise 30% to 40% of adult non-Hodgkin lymphomas. They usually 
occur in the sixth decade of life, but the age range is broad and includes children and young 
adults. Patients typically present with a rapidly enlarging neck or retroperitoneal mass. Although 
large B-cell lymphomas are aggressive, they are potentially curable with multiagent, high-dose 
chemotherapy (Harris et al, 1994). 
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The tumors in this category were formerly classified as diffuse large-cell, cleaved, 
noncleaved, or immunoblastic lymphoma and occasionally diffuse mixed small- and 
large-cell lymphoma in the Working Formulation (Harris et al, 1994). Large B-cell lymphomas 
can arise de novo or be derived by transformation of a lowergrade lymphoma. 



TABLE 31-5 DIFFERENTIAL DIAGNOSIS OF SMALL CELL LYMPHOMAS 

Immunophenotype 



Lymphoma 


CD5 


CD23 CD10 


CD20 


Cytogenetics 


Small cell lymphocytic 


+ 


+ 


+ 


Trisomy 12 


Lymphoplasmacytic 


- 


+ 


+ 


No specific abnormality 


Mantle cell 


+ 


- 


+ 


t(1 1 ; 1 4) 


Marginal zone 


- 


+/- 


+ 


Trisomy 3; t(1 1 ; 1 8) 


Follicular 


- 


+/- + 


+ 


t(1 4; 1 8) 



Cytology 

Large B-cell lymphoma is a heterogeneous group of neoplasms consisting primarily of 
large cleaved and noncleaved cells. In large noncleaved cell lymphoma, the cells have 
round to ovoid nuclei that contain one or more distinct nucleoli (Figs. 31-29 and 31-30). Large 
cleaved cell lymphoma, on the other hand, features irregular nuclear profiles, often with 
nuclear protrusions (“nipples”). Nuclei may be vesicular with inconspicuous nucleoli. Some 
large B-cell lymphomas may be composed of large noncleaved cells and immunoblasts (Fig. 31- 
31). Lymphoglandular bodies are usually numerous. 

Rare cases of lymphomas with signet-ring features have been described. These tumor 
cells have intracytoplasmic vacuoles that indent the nuclei (Fig. 31-32) (Limjoco et al, 1991; Yu 
et al, 1995; Gilcrease, 1998). The cytoplasmic vacuoles contain immunoglobulins. These 
tumors may mimic metastatic adenocarcinomas; however, the latter show the positive 
staining for mucin and cytokeratin that is negative in signet-ring lymphomas. 

Ancillary Studies 

Immunophenotyping shows positive staining for B-cell-associated antigens (CD19 and 
CD20). Expression of CD45 and CD10 is variable. DNAploidy analysis usually demonstrates a 
diploid population with high proliferative activity (Katz et al, 1993c). Approximately 30% of cases 
show bd-2 gene rearrangement (Harris et al, 1994). 

Differential Diagnosis 

Large B-cell lymphoma is readily recognized as malignant tumors. It can rarely be confused with 
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reactive hyperplasia of lymph nodes with increased numbers of immunoblasts. However, those 
difficult cases can usually be resolved by immunophenotyping. Another form of lymphoma that 
may mimic large B-cell lymphoma is the blastic form of mantle cell lymphoma, which, however, 
shows CD5 positivity and rearrangements of the bd-1 gene. 

The most important points of differential diagnosis are metastatic small-cell carcinomas, 
seminomas, and melanomas that may show a dissociated cell pattern (see below). The 
presence of abundant lymphoglandular bodies in the background of the smear tilts the 
diagnosis toward a lymphoma, whereas the presence of cohesive cell clusters is suggestive of 
an epithelial tumor. In case of doubt, positive immunostaining for keratin supports the 
diagnosis of 

P.1207 

carcinoma. Other points of the differential diagnosis are listed in Table 31-6. Very rarely, 
granulocytic sarcoma, composed primarily of blasts with round to oval nuclei and agranular 
basophilic cytoplasm, can mimic lymphoma (Fig. 31-33); however, it is positive for 
myeloperoxidase and naphthol AS-D chloracetate. 




B 



Figure 31-29 Large-cell lymphoma. Smear shows a monomorphous population of large 
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cells with numerous lymphoglandula bodies in the background. (A: Diff-Quik stain; B: 

Papanicolaou stain.) 
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Figure 31-30 Large-cell lymphoma. A. Under high magnification, smear shows 
predominantly large cells with round vesicular nuclei and scattered small lymphocytes. B. 
Flow cytometry shows kappa light chain restriction. C. Image analysis reveals a 
predominantly diploid population with a high proliferation index consistent with a high-grade 
lymphoma. D. A monomorphous population of large cells is seen on tissue section. 



Mediastinal Large B-Ceii Lymphoma 

The diagnosis and differential diagnosis of this distinct type of B-cell lymphoma is discussed in 
Chapter 37. Ancillary studies in our institution include positive immunophenotyping with B-cell 
associated antigens and a weak expression of CD 30. The tumor cells lack bcl-2 and bcl-16 
arrangement. 
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Figure 31-31 Large-cell lymphoma with immunoblastic features. Note the large round 
nuclei with prominent (arrow) central nucleoli seen under high magnification. 





Burkitt Lymphoma 

Burkitt lymphoma occurs predominantly in children. Cases reported in adults are often 
associated with immunodeficiency. In endemic areas in Africa, the jaws and facial bones are the 
most commonly involved sites, whereas in nonendemic areas, the disease involves distal ileum, 
cecum, ovaries, retroperitoneum, kidneys, or breasts. Epstein-Barr virus (EBV) is commonly 
present in the endemic form of this lymphoma but rarely in the nonendemic cases. Burkitt 
lymphoma may sometimes mimic an acute leukemia. This tumor is highly aggressive but 
potentially curable. In histologic sections, Burkitt lymphoma has the typical “starry -sky” 
pattern caused by the large number of macrophages intermingled with lymphoma cells. 

Besides the “classical” pattern, a form of Burkitt lymphoma with plasmacytoid differentiation 
was recognized (Jaffe, 1999). 

The provisional category of high-grade B-cell lymphoma, Burkitt-like, in the REAL classification 
was eliminated in the updated WHO classification. It was believed that this was a 
heterogeneous group, and that most cases could be classified either as Burkitt lymphoma or a 
large B-cell lymphoma (Jaffe, 1999). 

Cytology 

Aspirates are composed of malignant lymphocytic cells. The nuclei are spherical, with 
a fine to coarse chromatin 
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pattern, and they contain two to five distinct nucleoli (Fig. 31-34). On air-dried Diff-Quik 
smears, the cells have deeply basophilic cytoplasm and prominent cytoplasmic vacuoles 
(Fig. 31-34). A“starry-sky” pattern may be present as the result of an admixture of tingible body 
macrophages. Necrotic debris and mitotic figures are frequently seen (Stastny et al, 

1995). 
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Figure 31-32 Lymphoma with signet-ring features. Aspirate shows cells with vacuoles 
indenting the nucleus {arrow), mimicking a signet-ring adenocarcinoma. (A Diff-Quik stain; 
B: Papanicolaou stain; A,B: oil immersion.) 



Ancillary Studies 

Immunophenotyping shows positivity for B-cell-associated antigens (CD19 and CD20) 
and CD10, and negativity for CD5 and CD23. 

DNAploidy analysis usually shows a diploid population with very high proliferative 
activity. Ki-67 expression is high; approximately 80% to 90% of cells are positive. 

TABLE 31-6 DIFFERENTIAL DIAGNOSIS OF LARGE CELL TUMORS BY 

IMMUNOSTAINING 

Tumor LCA Ki-1 PLAP Keratin HMB-45 S-100 Myelo 

Large cell lymphoma + 

Seminoma + 

Carcinoma ... + 

Melanoma ... 

Granulocytic sarcoma + 

Ki-1 lymphoma +/. + . 



LCA leukocyte common antigen; PLAP, placental alkaline phosphatase; myelo, 
myeloperoxidase. 



+ + 



+ 
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Cytogenetic analysis commonly shows the translocation of c-myc gene from chromosome 
8 to the immunoglobulin heavy chain region on chromosome 14 [t(8;14)] and, less 
frequently, to the light chain loci on chromosome 2 [t(2; 8)] or 22 [t(8;22)]. 

Differential Diagnosis 

Sometimes it may be difficult to differentiate a high-grade large-cell lymphoma from Burkitt 
lymphoma on smears. In such cases, cytogenetic analysis may disclose the characteristic 
translocation of Burkitt lymphoma. Lymphoblastic lymphoma can be differentiated by its 
distinct clinical manifestations (a mediastinal mass with or without cervical lymph node 
involvement), its immature T-cell phenotype, and its expression of terminal deoxynucleotidyl 
transferase 
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(TdT). In young patients, the small, round-cell tumors of childhood must also be considered 
in the differential diagnosis. The clinical appearance of the tumor, in conjunction with ancillary 
studies, such as a panel of immunomarkers (lymphocyte common antigen [LCA], desmin, 
muscle-specific actin, chromogranin, CD99, and keratin) and ultrastructural analysis may be 
helpful in distinguishing between these entities without performing an open biopsy (Table 31-7). 
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Figure 31-33 Granulocytic sarcoma. A Cytospin preparation on exhibits some cells with 
round nuclei, whereas others have reniform nuclei. B. The tumor cells show positive 
staining for myeloperoxidase. C. Histologic section shows large cells with vesicular nuclei 
and one to two nucleoli. (A Diff-Quik stain; B: immunoperoxidase stain; AB: oil 
immersion.) 



Plasmacytoma/Plasma Cell Myeloma 

Plasmacytoma occurs in adults, usually as a disseminated bone marrow disease (plasma 
cell myeloma), but sometimes as a solitary bone or extramedullary tumor. Involvement of the 
lymph nodes is rare. Although most solitary tumors involving the bone eventually develop into 
multiple myeloma, only 10% to 20% of extramedullary plasmacytomas progress (Harris et al, 
1994). 

Cytology 

The tumor cells resemble mature or immature plasma cells with abundant cytoplasm with 
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an eccentrically located nucleus (Fig. 31-35). The nuclei are usually round with coarsely 
clumped chromatin (cartwheel arrangement of chromatin), but they may also be cleaved or 
resemble immunoblasts (Bangerter et al, 2000). 




Figure 31-34 Burkitt lymphoma. A Aspirate shows a monomorphic population of 
intermediate cells with round nuclei, coarse nuclear chromatin, and two or three prominent 
nucleoli. Note prominent apoptosis under high magnification. B. The presence of basophilic 
cytoplasm with multiple small vacuoles on air-dried smears is a helpful distinguishing 
feature. C. Tissue section shows an infiltrate of lymphocytes with scattered histiocytes 
resulting in a starry-sky pattern. (B: Diff-Quik stain, oil immersion.) 



Ancillary Studies 

Immunophenotyping demonstrates positive staining for cytoplasmic immunoglobulin but 
negative staining for surface immunoglobulin. The plasma cells usually show light chain 
restriction and are positive for CD38 and negative for B-cell-associated antigens (CD19 and 
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CD20). Staining for CD43, CD45, CD56, and epithelial membrane antigen (EMA) is variable. 
Immunoglobulin heavy chains and light chains are rearranged or deleted. 

Differential Diagnosis 

In some cases, lymphoplasmacytic lymphoma and plasmacytoma may be difficult to 
differentiate cytologically because 
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both have a plasmacytoid appearance. However, the CD20 positive lymphoplasmacytic 
lymphoma has a more heterogeneous cell population, in which the plasmacytoid cells are 
admixed with small lymphocytes. The cells of metastatic melanoma may also have a 
plasmacytoid appearance and binucleation but are easily distinguished from plasmacytoma by 
the presence of intranuclear inclusions, melanin pigment, and positive immunostaining for S- 
100 protein or HMB-45. 



TABLE 31-7 DIFFERENTIAL DIAGNOSIS OF SMALL ROUND CELL TUMORS BY 

IMMUNOSTAINING 

Tumor MIC-2 LCA Desmin Keratin Chromo 

Lymphoblastic lymphoma + + 

Neuroblastoma ... . + 

Ewing's sarcoma/PNET + . . 

Rhabdomyosarcoma - - + 

DSCT - - + + 

PNET, primitive neuroectodermal tumor; DSCT, desmoplastic small round cell tumor; 
LCA leukocyte common antigen; chromo, chromogranin. 



T-Cell Lymphomas 

Lymphomas of T-cell lineage comprise only a small proportion of nodal lymphomas. They are 
more difficult to identify on FNAthan B-cell lymphomas by routine analysis because of 
difficulties in detecting the clonal population of abnormal T-cells by immunophenotyping. 
Polymerase chain reaction may be required to detect T-cell receptor gene rearrangement. In 
ambiguous cases, a biopsy may be necessary to determine tumor type. 

Peripheral T-Cell Lymphoma 

These neoplasms account for about half of T-cell lymphomas in the Western world. Nearly all 
cases occur in adults and present with nodal involvement. In the Orient, the disease can be 
associated with human T-cell leukemia virus (HTLV1). 
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Cytology 

Smears exhibit a spectrum of atypical cells with nuclei varying in shape and ranging 
from small to large (Fig. 31-36). The small nuclei are often convoluted with condensed 
chromatin (Fig. 31-37), whereas the larger nuclei are round or irregular, with either 
vesicular or condensed chromatin. The background contains a variable admixture of 
neutrophils, eosinophils, plasma cells, and epithelioid and nonepithelioid histiocytes. In some 
cases, bizarre or pleomorphic cells, some even resembling Reed-Sternberg cells, can be 
seen (Katz et al, 1989; Young and Al-Saleem, 1999; Galindo et al, 2000). 

Ancillary Studies 

Immunophenotyping is helpful in diagnosing peripheral T-cell lymphomas in order to 
document the T-cell lineage and an aberrant T-cell phenotype (Table 31-8). At least one of 
the pan-T-cell markers (CD2, CD3, CD5, or CD7) should be positive, whereas B-cell 
markers are negative. Demonstrating the absence of B-cell antigens is important because 
some B-cell lymphomas can coexpress T-cell antigens. In addition, peripheral T-cell lymphomas 
often express an aberrant T-cell phenotype with loss of one or more of the pan-T-cell markers 
(Young and Al-Saleem, 1999) and expression of (gamma, delta) T-cell receptor. 

DNAploidy analysis usually shows a diploid population with intermediate proliferative 
activity. 

Approximately 80% to 90% of T-cell lymphomas have rearrangements of the T-cell 
receptor genes. Therefore, in difficult cases, molecular studies (PCR) may be helpful to 
demonstrate these gene rearrangements, although their absence does not exclude T-cell 
lymphoma (Weiss et al, 1988). 

Differential Diagnosis 

A diagnosis of peripheral T-cell lymphoma by FNAmay be difficult because of a mixed 
population of cells that is also present in reactive processes. When pleomorphic or bizarre 
cells are present, the differential diagnosis should include Hodgkin lymphoma, various B-cell 
lymphomas, and a variety of metastatic tumors. Knowledge of the patient's clinical history 
and presentation is essential in the evaluation. 

Mycosis Fungoides and Sezary Syndrome 

Mycosis fungoides and Sezary syndrome are two different manifestations of the same or similar 
disorder, having in common the presence of abnormal T-helper cells with characteristic 
cerebriform configuration of nuclei (Knoblerand Edelson, 1986; Barcos, 1993; Berti etal, 

1999) . Both forms of the disease involve the skin: mycosis fungoides begins with areas of 
redness (erythema) that evolve into plaques and palpable tumors; Sezary syndrome shows 
diffuse erythema and some features of leukemia — the presence of the abnormal lymphocytes 
in circulating blood (Van Doom et al, 2000). 

P.1211 

Although, as the name indicates, cutaneous T-cell lymphoma is primarily a disease of the skin, 
involvement of other organs, mainly lymph nodes is a common event particularly in the 
late stages of the disease (Scheffer et al, 1986; Vonderheid et al, 1992, 1994; van Doom et al, 

2000) . Other organs, such as the central nervous system, lung, esophagus, orbit, and 
breast may be involved by the disease (Rosen et al, 1984; Schwartz and Clark, 1988; 

Redleaf et al, 1993, Zucker and Doyle, 1991). Association with Hodgkin lymphoma has 
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Figure 31-35 Plasmacytoma. A,B. Smears show a dispersed population of cells with 
abundant basophilic cytoplasm, eccentrically located nuclei, and prominent nucleoli. C. 
Immunocytochemical studies show monoclonal staining for kappa as well as CD38 
positivity indicative of plasma cell differentiation. Proliferation index (Ki67) is elevated. (A 
Diff-Quik stain; B: Papanicolaou stain; C: immunoperoxidase stain; A,B: high 
magnification.) 
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Figure 31-36 Peripheral T-cell lymphoma. A heterogeneous lymphoid population is 
present. Note the small- to intermediate-size angulated lymphoid cells and larger 
transformed cells. (A Diff-Quik stain; B: Papanicolaou stain; A,B: high magnification.) 



The prognosis and length of survival are stage related: disease confined to the skin (stage 
I) has a better prognosis than disease with benign (dermatopathic) lymph node enlargement 
(stage II), metastatic spread to lymph nodes (stage III) or viscera (stage IV) (van Doom et al, 
2000). Patients in stages III and IV have limited survival. 
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Figure 31-37 Peripheral T-cell lymphoma. Smears show predominantly small cells with 
cleaved or angulated nuclei. 
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TABLE 31-8 IMMUNOPHENOTYPING TO DIFFERENTIATE BETWEEN CLASSIC 
HODGKIN LYMPHOMA AND ANAPLASTIC LARGE CELL LYMPHOMA 

Classic H2 Anaplastic Lymphoma 



CD15 + 

CD30 + + 

CD45 - + 

EMA - +/- 

ALK - + 



EMA, epithelial membrane antigen; ALK, anaplastic lymphomay kinase. 



Cytology 

Cytologic evaluation of lymph nodes in cutaneous T-cell lymphoma is not only a matter of idle 
curiosity but it has prognostic value (Vonderheid et al, 1992). In fixed smears stained with 
Papanicolaou, the abnormal lymphocytes have irregularly shaped nuclei showing peripheral 
indentations and large nucleoli. The peculiar small lymphocytes with longitudinally 
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grooved, cerebriform configuration of chromatin are much better seen in air-dried smears, 
stained with one of the hematologic stains (Fig. 31-38). Vonderheid et al (1992) observed in 
histologic material that patients with the presence of small atypical “cerebriform” lymphocytes in 
lymph nodes had a better survival than patients whose lymph nodes contained larger, more 
abnormal cells. This observation was confirmed in aspirated material by Galindo et al (2000), 
who reported, however, that the cell type had limited prognostic significance but offered good 
correlation with histology. There is published evidence that the abnormal lymphocytes may be 
recognized in cytologic preparations from various organs such as the sputum, cerebrospinal 
fluid, soft tissue masses (Rosen et al, 1984; Shaheen and Oertel, 1984); Schwartz and Clark, 

1988; Zucker and Doyle, 1991 ; Redleaf et al, 1993; Laforga et al, 1998). Also see respective 
chapters. 





Figure 31-38 Mycosis fungoides metastatic to a lymph node. Composite photograph 
of a lymph node aspirate. A Alcohol fixed and Papanicolaou-stained smear. The smear 
shows bizarre, irregular nuclei with cerebriform pattern of chromatin, characteristic of this 
disorder. B. Positive stain with an antibody to T cells. (Case courtesy Dr. Britt-Marie Ljung, 
San Francisco, Calif.) 



Ancillary Studies 

T-cell deletion and T-cell receptor and T-cell receptor gene rearrangement studies are 
diagnostically helpful (Ormsby et al, 2001). The presence of T-cell antigen receptor gene is 
useful in differentiating dermatopathic adenopathy from lymph nodes involved by tumor cells 
(Lynch et al, 1992). CD-4 helper cells phenotype is also expressed in tumor cells. Berti et al 
(1999) reported that rare patients with CD8 positive cells had a bad prognosis. 

Differential Diagnosis 

An erroneous diagnosis of Hodgkin lymphoma of lymph nodes was reported in an exceptional 
patient in whom the classical manifestations of skin involvement were absent (Schwartz and 
Clark, 1988). Such errors are avoidable based on unique morphology of cancer cells and 
knowledge of clinical history. Perhaps the most important point of differential diagnosis is 
dermatopathic lymphadenopathy, discussed above, a benign entity that may also occur in 
mycosis fungoides (Burke et al, 1986; Asano et al, 1987). The presence of atypical dendritic 
cells, common in dermatopathic lymphadenopathy, may lead to an erroneous diagnosis of T-cell 
lymphoma. Astudy of immune markers is required in difficult cases. 
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Lymphoblastic Lymphoma 
Lymphoblastic lymphoma occurs predominantly in adolescents and young adult men but it can 
occur in all age groups. The first manifestation of disease is usually a mediastinal mass. The 
disease progresses rapidly to involve the peripheral blood, bone marrow, central nervous 
system, and gonads. The tumor is potentially curable with proper therapy but fatal if untreated. 
Lymphoblastic lymphoma is composed 
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of immature lymphoid cells, usually of T-cell origin, although they can be of B-cell 
derivation. Therefore lymphoblastic lymphoma is listed under both subtypes and is designated 
as a precursor of lymphoblastic leukemia/lymphoma (Harris et al, 1994) (see Table 31-3). 

Cytology 

Aspirates taken from patients with lymphoblastic lymphoma show a monomorphous 
population of lymphoid cells of intermediate size with nuclei that may be lobulated, 
convoluted, or, less often, round or oval. The chromatin is finely granular or opaque, 
and the nucleoli are inconspicuous (Fig. 31-39). The presence of these features, along with 
the presence of numerous mitotic figures, helps to exclude low-grade lymphoma from the 
diagnosis. No cytologic distinction can be made between tumors of B-cell and T-cell lineages 
(Jacobs et al, 1992). 

Ancillary Studies 

Most lymphoblastic lymphomas are of T-cell origin and have variable phenotypic markers (CD1, 

CD2, CD3, CD4, CD5) that are also seen with cortical thymocytes. In most cases, the cells are 
positive for CD3 and CD7 and may be positive or negative for CD4 and CD8. Cells are 
characteristically positive for TdT, which is the single most helpful marker. Cells are 
variably positive for CD10 (CALLA). Approximately 30% of these tumors express pan-B-cell 
markers (CD19 and CD20) (Young and Al-Saleem, 1999). 

DNAploidy analysis usually shows a diploid population with intermediate-to-high 
proliferative activity (Ki-67 expression is high). 




Figure 31-39 Lymphoblastic lymphoma. AB. Aspirates show a monomorphous 
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population of cells with fine nuclear chromatin, best seen on air-dried smears. C. Tumor 
cells show positive staining for TdT and CD3, T cell marker. D. Tissue shows a diffuse 
infiltrate of cells with scant cytoplasm. (A Diff-Quik stain; B: Papanicolaou stain; C: 
immunoperoxidase stain; AB: high magnification.) 



Rearrangements of the T-cell receptor and immunoglobulin heavy chain genes are variable 
(Harris et al, 1994). 

Differential Diagnosis 

Granulocytic sarcoma can be differentiated from lymphoblastic lymphoma by its positive 
staining with myeloperoxidase, naphthol AS-D chloroacetate, and Sudan black. The nuclei in 
Burkitt lymphoma have coarse nuclear chromatin and the cells are negative for TdT. 

Aspirates from the mediastinum should be interpreted with caution, because lymphocytes 
from a lymphocyte predominant thymoma can show a similar phenotype to those in 
lymphoblastic lymphoma, including positivity for TdT. However, lymphocytes from 
thymoma are usually mature, whereas those from lymphoblastic lymphomas have fine nuclear 
chromatin (Friedman et al, 1996). In addition, the age of the patient is helpful — thymomas 
usually occur in individuals older than 50 years, whereas lymphoblastic lymphoma usually 
occurs in the second and third decades of life. For further discussion of thymomas, see Chapter 
37. 

Anaplastic Large-Cell Lymphoma 

Anaplastic large-cell lymphoma is a distinct entity that has a T-cell or null-cell 
phenotype, as defined by the REAL classification; B-cell tumors formerly in this category are 
now included in the large B-cell category (Harris et al, 1994). There is evidence that there are 
two distinct forms of anaplastic large cell lymphoma-a systemic form, which 
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may involve lymph nodes and extranodal sites (with or without skin involvement), and a 
cutaneous form, which affects only the skin. The cutaneous form will not be discussed in this 
chapter because it is usually not amenable to FNA The systemic form has a bimodal age 
distribution, occurring in children and adults (Chott et al, 1990; Penny et al, 1991). It is clinically 
aggressive, but it may respond to aggressive therapy. A neutrophil-rich form of this group of 
diseases was described (Mann et al, 1995). 

Cytology 

Most commonly, aspirates contain large cells with pleomorphic, hyperchromatic nuclei 
and abundant cytoplasm, often mimicking epithelial cancer cells. Small cell and 
lymphohistiocytic variants have also been described. In the pleomorphic type, the nuclei can be 
multilobulated, horseshoe-shaped, bagel-shaped, or multiple and contain one or more 
prominent nucleoli (Fig. 31-40). The multinucleated forms may resemble Reed-Sternberg cells 
(Kadin et al, 1994). The neutrophil-rich form may mimic an abscess because of 
abundance of polymorphonuclear leukocytes (Mann et al, 1995; Creager et al, 2002). 

Ancillary Studies 

Anaplastic large-cell lymphomas characteristically show strong paranuclear staining for 
CD30 (Ki-1 antibody) (Fig. 31-40), but only 67% are positive for CD45 (lymphocyte common 
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antigen or LCA) (Weiss et al, 1993). Staining for T-cell-associated antigens is variable. Tumor 
cells in the systemic form are often positive for epithelial membrane antigen (EMA) and 
anaplastic lymphoma kinase (ALK1). 




Figure 31-40 Anaplastic large cell lymphoma. A,B. Smears show a dispersed 
population of pleomorphic tumor cells. C : D. The tumor cells on the left show dot-like 
staining for CD30 (Ki-I), while on the right Ki-67 is positive in the majority of cells indicative 
of a high-grade lymphoma. (A Diff-Quik stain; B: Papanicolaou stain; C,D: 
Immunoperoxidase stain; AB: oil immersion). 



DNAploidy analysis may show a diploid or aneuploid population with high proliferative activity. 
Ki-67 expression is usually very high, with more than 60% of positive cells. 

At(2;5)(p23;q35) translocation occurs in about 67% of anaplastic large-cell lymphomas. 
As a result, the anaplastic lymphoma kinase (ALK) gene on chromosome 2 fuses with 
the nucleophosmin (NPM) gene on chromosome 5 (Wellman et al, 1995; Falini et al, 1999). 
The t(2;5) translocation has been documented in FNAspecimens by FISH technique (Thorson 
et al, 2000). The chimeric protein product of the translocation, known as p80, may be 
documented in more than half the cases by immunocytologic reaction with a commercially 
available antibody (Kinney and Kadin, 1999). 

Differential Diagnosis 

It is important to differentiate anaplastic large-cell lymphoma from poorly differentiated 
metastatic carcinoma because of major differences in prognosis, which is poor in metastatic 
disease, whereas anaplastic lymphoma has a very high response rate to therapy (McCluggage 
et al, 1996; Jarayam and Abdul Rahman, 1997). Knowledge of the clinical setting may not be 
sufficient because both diseases occur among the elderly. 

To complicate the issue still further, not all anaplastic lymphomas express CD45 (lymphocytic 
common antigen) and, thus, a panel of immunostains must be applied to poorly differentiated 
neoplasms. Anaplastic lymphoma is characterized by the high expression of CD30 in most 
cancer cells, in contrast to some other lymphomas, which show only focal staining (Penny et al, 
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1991). Both carcinomas 
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and anaplastic lymphomas are positive for EMAbut the lymphoma is negative for keratin. A 
noteworthy point is that metastatic embryonal carcinomas may be positive for both CD30 
and keratin but they have distinct morphologic features in the form of cohesive cell clusters that 
do not occur in lymphomas. Melanomas, if suspected, are positive for S-100 protein and HMB- 
45. 

Smears of anaplastic large-cell lymphoma may contain Reed -Stern berg -I ike cells that are 
impossible to distinguish from such cells in Hodgkin lymphoma (Tani et al, 1989; Aljajeh et al, 

1995). The Reed-Sternberg cells in Hodgkin lymphoma, however, are positive for both CD30 
and CD15 (Leu-Mi), whereas the similar cells in anaplastic large-cell lymphoma are negative 
for CD15 (see Table 31-8). Further, the CD30 response in Hodgkin lymphoma is limited to 
Reed-Sternberg cells, whereas in anaplastic large-cell lymphoma, most cells express this 
antigen. The presence of the t(2;5) translocation in anaplastic large-cell lymphoma or positive 
immunostaining for the product of ALK gene fusion may also be helpful in distinguishing 
between these two diseases. Patients whose cells have positive expression of ALK by 
immunocytochemistry have also been shown to have a more favorable therapeutic outcome 
(Kadin and Morris, 1998). 

Hodgkin Lymphoma 

Hodgkin lymphoma accounts for approximately 20% of newly diagnosed lymphomas. 

The updated WHO classification lists two distinct types of Hodgkin's lymphoma — classic and 
nodular lymphocyte-predominant. Classic Hodgkin lymphoma is further subdivided into 
nodular sclerosis, lymphocyte-rich, mixed cellularity, and lymphocytic depletion types. 

The nodular lymphocyte-predominant type is now recognized as a distinct entity that is both 
clinically and phenotypically different from classic Hodgkin lymphoma (Jaffe et al, 1999). 

FNAhas an important but limited role in the initial diagnosis of Hodgkin lymphoma 

(Young and Al-Saleem, 1999). If the cytomorphologic features and immunophenotypic findings 
are suggestive of a diagnosis of Hodgkin lymphoma, then a tissue biopsy is recommended for 
confirmation and subclassification. However, FNAis very useful in diagnosing recurrent 
disease (Das et al, 1990a; Das and Gupta, 1990b). 

Cytology 

The cytologic diagnosis of Hodgkin lymphoma mainly is made on the basis of the 
presence of classic Reed-Sternberg cells in a background of lymphocytes, plasma 
cells, eosinophils, and histiocytes. Classic Reed-Sternberg cells are large binucleated 
or multinucleated cells with pale abundant cytoplasm that contain nuclei with 
reticulated chromatin and prominent macronucleoli (Fig. 31-41). The nucleus often 
appears surrounded by a clear, empty cytoplasmic halo. Instead of classic Reed-Sternberg cells 
some aspirates contain Hodgkin cells, which are large mononuclear cells with reticulated 
chromatin and one or two prominent nucleoli (Fig. 31-42). Although these cells are not fully 
diagnostic, they are suggestive of Hodgkin lymphoma in the proper clinical setting. 
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Figure 31-41 Hodgkin lymphoma. A,B. A classic Reed-Sternberg cell (arrow) is present 
in a background of lymphocytes and rare eosinophils. C. Histologic section shows lacunar 
cells and a diagnostic Reed-Sternberg cell (arrow). (A Diff-Quik stain; B: Papanicolaou 
stain; A,B: oil immersion; C: high magnification.) (AB: Courtesy of Dr. Koss.) 



Although some investigators (Das et al, 1990; Das and Gupta, 1990) have subtyped Hodgkin 
lymphoma according to the relative proportions of neoplastic cells (Hodgkin's and Reed- 
Sternberg cells) and reactive cellular components on cytologic preparations, this is not done 
routinely at our institution. However, one should be aware of the spectrum of cytologic features 
seen in the different subtypes of Hodgkin lymphoma. 

Aspirates from lymph nodes of patients with nodular, sclerosing Hodgkin lymphoma, the 
most common subtype, usually contain classic Reed-Sternberg cells, lacunar cells, eosinophils, 
lymphocytes, and histiocytes. Lacunar cells are large cells with abundant clear or pale 
cytoplasm that contain indented or overlapping segmented nuclei; these cells are not specific 
for Hodgkin lymphoma. The mixed cellularity subtype of Hodgkin lymphoma has cells very 
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similar to those of the nodular sclerosis subtype, except for the absence of lacunar cells. 
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Figure 31-42 Hodgkin lymphoma. Typical mononucleated cells, binucleated cells and 
large cells with hyperlobulated nuclei (L and H or popcorn cells) are present in a 
background of lymphocytes. The “popcorn” cells have pale nuclei and visible nucleoli 
(arrows). The “popcorn” cells are usually observed in the nodular, lymphocyte-predominant 
subtype of Hodgkin lymphoma. (Diff-Quik stain, high magnification.) (Courtesy of Dr. Koss.) 



In the lymphocytic depletion subtype of Hodgkin lymphoma, aspirates are often sparsely 
cellular consisting of Reed-Sternberg and Hodgkin cells in a background of lymphocytes or 
fibroblasts. 

The nodular lymphocyte-predominant subtype of Hodgkin lymphoma may be suggested by 
cytologic preparations that have epithelioid histiocytes and the polyploid variant of Reed- 
Sternberg or the so called L and H cells in a background of mature lymphocytes. The term L 
and H refers to “lymphocytic and histiocytic” form of Hodgkin lymphoma. The L&H cells appear 
as multinucleated cells with overlapping pale nuclei with central nucleoli, also known as 
“popcorn cells” (Fig. 31-42). Classic Reed-Sternberg cells are very rarely found in such 
cases. 

Ancillary Studies 

Most Reed-Sternberg cells and their variants are positive for CD15 and CD30 except for 
those in nodular lymphocyte-predominant Hodgkin lymphoma, and are negative for CD45 and 
EMA (Table 31-9). They are usually negative for B-cell and T-cell markers. The lymphocytes in 
Hodgkin lymphoma are nonneoplastic and have a T-cell origin. 



TABLE 31-9 THE USE OF IMMUNOPHENOTYPING TO DIFFERENTIATE BETWEEN 
CLASSIC AND NODULAR LYMPHOCYTE-PREDOMINANT HODGKIN LYMPHOMA 
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CD15 


+/- 


- 


CD30 


+ 


- 


CD45 


- 


+ 


EMA 


- 


+ 


CD20 


- 


+ 


CD3 







EMA, epithelial membrane antigen. 



In nodular lymphocyte-predominant Hodgkin lymphoma, the L&H (“popcorn”) cells are 
of B-cell lineage. They are positive for CD20, CD45, and EMA but negative for 
immunoglobulin light chains and CD15. They may be positive or negative for CD30. 

Differential Diagnosis 

Large, binucleated cells resembling Reed-Sternberg cells have been described in both benign 
and malignant diseases (Table 31-10). Aspirates from lymph nodes of patients with 
reactive hyperplasia associated with infectious mononucleosis, postvaccinal 
lymphadenitis, and hypersensitivity to phenytoin may contain atypical immunoblasts 
that resemble Reed-Sternberg cells and their mononuclear variants. These cells 
however usually have coarser chromatin and much smaller nucleoli than those in Hodgkin 
lymphoma (Kardos et al, 1986; Stanley et al, 1990b). Also, EBV-infected lymph nodes contain a 
spectrum of transformed lymphocytes, including immunoblasts that may mimic Hodgkin cells. 
Small lymphocytic lymphoma can be differentiated from the nodular lymphocyte-predominant 
subtype of Hodgkin lymphoma by the presence of paraimmunoblasts and the lack of L&H cells. 
Aspirates from the lymph nodes of patients with anaplastic large-cell lymphoma may contain 
atypical mononuclear cells resembling Reed-Sternberg variants in a background of small T- 
cells, making differentiation from Hodgkin lymphoma difficult. Although both Hodgkin lymphoma 
and anaplastic large-cell lymphoma are positive for CD30, only the latter is positive for ALK1. In 
some cases, studies of gene rearrangements may be helpful, because anaplastic large-cell 
lymphoma has rearrangements of the T-cell-receptor gene and, in many cases, the t(2;5) 
translocation. Poorly differentiated carcinoma and melanoma (Fig. 31-43) may also be 
considered in the differential diagnosis. Positive immunostaining for keratin confirms the former, 
whereas positivity for S-100 protein and HMB-45 confirms the latter. In a remarkably candid 
account, Jimenez-Heffernan et al (2001) acknowledged that in Hodgkin lymphoma, diagnostic 
errors in the form of either false-positive or false -negative results are common and 
that an accurate diagnosis requires a great deal of experience. 



TABLE 31-10 CELLS THAT MIMICK REED-STERNBERG CELLS 
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• Immunoblasts 

• Megakaryocytes 

• Plasmablasts 

• Anaplastic Lymphoma Cells 

• Large Cell Lymphoma Cells 

• Melanoma 

• Large Cell Carcinoma 
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Figure 31-43 Metastatic melanoma. A Reed-Sternberg-like cell (arrow) is present in this 
aspirate from a patient with a history of melanoma. 



METASTATIC TUMORS IN LYMPH NODES 

Metastatic cancer is a far more common cause of enlarged peripheral lymph nodes than 
malignant lymphoma, especially in patients older than 50 years. Our experience has been that 
FNA is a reliable method of diagnosing metastatic cancer, a task that is much easier than 
diagnosing lymphomas. Berg (1961) identified the circumstances that facilitate the diagnosis of 
lymph node metastases by FNA 

■ Enlarged peripheral lymph nodes that are usually accessible to palpation and aspiration. 

■ Aspirates of lymph nodes affected by metastatic tumors are usually rich in tumor cells. 

■ Cancer cells of epithelial origin and those from melanomas can easily be distinguished from 
cells of lymphoid origin. 



■ Cancer cells in smears can often be compared with a tissue section of the primary tumor. 
Aspirates serve to not only establish the diagnosis of a metastatic tumor, but to also usually 
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permit a definition of the histologic type and sometimes the organ of origin (Table 31-11 ) of the 
metastasis (Koss et al, 1992). 

Squamous Carcinoma 

The cytologic appearance of squamous carcinoma depends on the degree of differentiation by 
the tumor. Keratinizing cancers are readily identified when cells with abundant, sharply 
demarcated, dense, eosinophilic cytoplasm and pyknotic nuclei are present in smears. 
Anucleated squames may also appear, as may spindle-shaped and tadpole-shaped cells, 
arranged in a cell-within-cell (bird's-eye or “squamous pearl”) pattern (Koss et al, 1992). 

Occasionally, aspirates from lymph nodes containing metastases of well-differentiated 
squamous carcinomas consist exclusively of keratin-forming cells with small pyknotic nuclei 
and without the typical features of cancer cells (Fig. 31-44). When such smears are obtained 
from lesions located in the lateral 
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aspect of the neck, a branchial cleft cyst must be considered in the differential 
diagnosis (Koss et al, 1992). Pilomatrixoma is another consideration, especially in young 
patients; however, these are superficial subcutaneous lesions, usually in the head and neck 
area (Woyke et al, 1982; Gomez-Aracil et al, 1990). 



TABLE 31-11 PRIMARY SITES OF NEOPLASMS AND COMMON SITES OF LYMPH 

NODE METASTASES 



Cervical Lymph Nodes 

Oral Cavity 
Larynx 
Nasopharynx 
Thyroid 
Skin of Face 

Supraclavical Lymph Nodes 

Gastrointestinal Tract (Virchow's node 
on left) 

Head and Neck Carcinomas 
Lung 



Abdominal (retroperitoneal) Lymph 
Nodes 

Gastrointestinal Tract 
Pancreatabiliary Tract 
Kidney 

Uterine Corpus 
Gonads 

Pelvic Lymph Nodes 



Cervix 

Uterine Body 
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Prostate Prostate 

Renal 

Skin (Melanoma) 

Ovary 

Mediastinal Lymph Nodes Inguinal Lymph Nodes 

Lung Skin (melanoma) 

Cervix 

Mjlva or Perineum 
Anal Canal or Rectum 

Axillary Lymph Nodes 

Breast 

Skin (Melanoma) 




Figure 31-44 Metastatic keratinizing squamous carcinoma. Atypical keratinizing cells 
are present in this neck aspirate from a patient with laryngeal carcinoma. 
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Nonkeratinizing squamous carcinomas or epidermoid carcinomas are represented by 
round, oval, or polygonal cells with sharply demarcated pale cytoplasm and coarsely granular 
nuclear chromatin. The precise subclassification of nonkeratinizing squamous carcinomas may 
be considerably more difficult than the well-differentiated keratinizing tumors. The cytologic 
features may overlap those of poorly differentiated adenocarcinoma. In addition, 
carcinomas that contain both squamous and glandular differentiation may occur; these are most 
often of bronchogenic origin. 

Nasopharyngeal Carcinoma 

Nasopharyngeal carcinoma is subtyped as keratinizing squamous carcinoma (type 1), 
nonkeratinizing carcinoma (type 2), and undifferentiated carcinoma, also known as lymph- 
oepithelioma or Schimke tumor (see Chap. 21). It is a common tumor in Asians, affects men 
more commonly than women, and has a bimodal age distribution with peaks in the second and 
sixth decades. Cervical lymphadenopathy may be the first manifestation of this disease, 
although nasal discharge or epistaxis, and middle ear symptoms may be noted. EBV has been 
associated with this neoplasm. The documentation of the presence of EBV in lymph node 
aspirates is helpful in establishing the diagnosis (see Chap. 21). Very rarely, 
adenocarcinomas of colonic type may occur in the nasopharynx. 

Aspirates of nasopharyngeal carcinoma show epithelial tumor cells arranged in dense 
clusters or occurring singly, with variable numbers of lymphocytes in the background. 

The keratinizing tumors seldom pose diagnostic difficulties; however, the undifferentiated 
(lymphoepithelioma) subtype can be misinterpreted as lymphoma. In undifferentiated 
nasopharyngeal carcinoma, the nuclei of epithelial cells are hyperchromatic and oval- to 
spindle-shaped with irregular nuclear borders. One to two prominent central nucleoli are often 
present. The cells are often stripped of their cytoplasm, but when it is present, it is thin and 
wispy (Grenko and Shabb, 1991). In most cases, the lymphocytes are normal. 

The differential diagnosis of metastatic undifferentiated nasopharyngeal carcinoma includes 
malignant lymphomas and metastatic carcinomas from other primary sites. The larger 
cancer cells may mimic Hodgkin cells and Reed-Sternberg cells seen in Hodgkin lymphoma 
or the cells seen in large cell lymphoma. Positive staining of tumor cells for keratin excludes 
lymphoma. 

Adenocarcinoma 

Aspirates from the lymph nodes of patients with metastatic adenocarcinomas, regardless of the 
site of origin, usually contain tumor cells that are arranged singly or in cohesive groups (Fig. 31- 
45) of various sizes (Koss et al, 1992). The cell groups may consist of ball-like clusters, 
papillary fragments, loose clusters, or acini with central lumina. The tumor cells may be 
round, cuboidal, or columnar. The appearance of the cytoplasm may vary from homogeneous to 
markedly vacuolated: the vacuoles may be small and numerous or large, causing margination 
and indentation of the nucleus. Left supraclavicular lymph node (Virchow node) may be the 
site of metastases of gastrointestinal tumors. 
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Figure 31-45 Metastatic adenocarcinoma. Smear shows cohesive groups of cells with 
round to oval nuclei and prominent nucleoli. 



Some metastatic adenocarcinomas have cytologic features that give clues to their site of origin. 

Large signet-ring cells (Fig. 31-46) with intracytoplasmic mucin are commonly associated with 
gastric carcinomas, although they may be seen in other primary tumors. Columnar cancer 
cells with elongated, palisading nuclei in a background of necrotic debris suggest a 
colonic primary tumor (Fig. 31-47). Immunostaining for keratin 20 and keratin 7 may be 
helpful in determining the origin of some metastatic tumors (Table 31-12). Mucicarmine staining 
is helpful in demonstrating intracytoplasmic mucin in cytologic preparations and can be 
performed on destained Papanicolaou-stained smears. In general, the presence of 
intracytoplasmic mucin excludes hepatocellular, renal, 
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adrenal, or thyroid carcinomas. Positive expression of the thyroid transcription factor 1 (TTF- 
1) is occasionally helpful in the identification of bronchogenic carcinoma (Lau et al, 2002). 
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Figure 31-46 Metastatic gastric adenocarcinoma with signetring features. Tumor 
cells contain vacuoles indenting the nucleus. (Diff-Quik stain, high magnification.) 




Figure 31-47 Metastatic adenocarcinoma consistent with colonic primary. Smears 
show tumor cells with elongated palisading nuclei in a background of necrosis. Note the 
gland formation. 



Renal cell carcinoma can metastasize many years after the initial diagnosis of the primary 
tumor is made. The cells of this tumor are usually arranged in monolayered sheets of various 
sizes, have abundant clear cytoplasm, often with well-defined cytoplasmic borders, and round 
nuclei with prominent nucleoli. The spindle cell variant of renal cell carcinoma may imitate 
spindle cell sarcoma (Koss et al, 1992). The tumor cells are positive for keratin and 
vimentin, facilitating their recognition (see Chap. 40). 
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In men, glandular cells, arranged in a cribriform pattern with round nuclei and 
prominent nucleoli (Fig. 31-48) or occurring in small clusters, are suggestive of a 
prostatic primary tumor. Butler et al (1971) described supraclavicular metastases as the 
initial manifestation of prostatic carcinoma in some patients. Positive immunostaining for 
prostate -specific antigen or prostatic acid phosphatase supports this diagnosis. 



TABLE 31-12 USE OF CYTOKERATINS 7 AND 20 IN DETERMINING ORIGIN OF 

METASTATIC CARCINOMA 

CK7 CK20 Carcinoma 

Non-small cell carcinoma of lung 
Bronchoalveolar carcinoma of lung 
+ - Breast carcinoma, ductal & lobular 

Ovarian carcinoma & endometrial carcinoma 
+ Colorectal adenocarcinoma 
Urothelial carcinoma 
+ + Pancreatic carcinoma 

Ovarian mucinous carcinoma 
Hepatocellular carcinoma 
Renal cell carcinoma 
Adrenal carcinoma 
Squamous carcinoma of lung 
Small cell carcinoma of lung 
From Weng et al, 1995 with permission. 

Thyroid papillary carcinomas often metastasize to the lymph nodes of the neck. Smears from 
aspirates may show papillary fragments, monolayered sheets, syncytial groups, and/or single 
cells. The nuclei are often oval-shaped and have fine, powdery chromatin, intranuclear 
cytoplasmic inclusions, intranuclear grooves, and small nucleoli (Fig. 31-49). The 
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cytoplasm is usually dense and well defined. Psammoma bodies alone, even if not 
accompanied by cells observed in an aspirate from a neck lymph node, are suggestive of 
metastatic thyroid carcinoma. However, psammoma bodies may also occur in metastases 
from the lung or endometrium and may be numerous in metastatic ovarian carcinoma. 

Metastatic well-differentiated thyroid follicular carcinomas show small clusters of epithelial cells 
arranged in rosette-like structures. The nuclei are often round with fine, granular chromatin and 
small nucleoli. The presence of colloid is a helpful distinguishing characteristic. These tumors 
show positive immunostaining with thyroglobulin and thyroid transcription factor-1 (TTF-1) (Lau 
et al, 2002). 

Metastatic breast carcinoma should be one of the diagnoses considered when 
evaluating axillary lymph node aspirates from women, especially those older than 50 
years. Aspirates from the nodes of patients with metastatic ductal carcinoma show cancer cells 
singly, in cohesive groups, or both (Fig. 31-50). The tumor cells in metastatic lobular 
carcinoma (Fig. 31-51) are usually smaller than those seen in the ductal type; they can occur 
singly, in small clusters, and sometimes in single file. The characteristic feature of these tumors 
is the presence of miniature signetring cells that have a condensation of mucin within the 
vacuoles. These cells stain strongly positive for mucin and have been named “magenta cells” 
in MGG-stained smears. Cytologic techniques have also been used for demonstration of 
micrometastases (see Chap. 29). 

When evaluating lymph node aspirates for metastatic disease, 
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one should also keep in mind that more than one process may involve the lymph nodes. In rare 
cases, lymph node aspirates have revealed the presence of both metastatic carcinoma and 
lymphoma (Fig. 31-52) (Caraway et al, 1997). The lymphomas in these cases are usually low 
grade and are easily overlooked (see also Chap. 26). 




Figure 31-48 Metastatic prostate adenocarcinoma. The gland-forming tumor cells have 
round nuclei with prominent nucleoli. 
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Figure 31-49 Metastatic papillary carcinoma of the thyroid. A The nuclei have fine 
chromatin, nuclear grooves, intranuclear inclusions, and micronucleoli. B,C. Histologic 
section shows papillary groups. Note the clearing of the nuclei on high power ( C ). 



Small-Cell Carcinoma 

Small-cell carcinoma most often arises in the lung, but it also can be observed in other primary 
sites such as the prostate, urinary bladder, larynx, paranasal sinuses, cervix, and skin 
(e.g, Merkel cell carcinoma). Aspirates from the lymph nodes of patients with metastatic 
small-cell carcinoma usually contain small cancer cells occurring singly and in loosely cohesive 
groups. The tumor cells are two to three times larger than mature lymphocytes and have only a 
small rim of cytoplasm. The nuclear chromatin is finely granular but the nuclei can be 
hyperchromatic and, at times, pyknotic (Fig. 31-53). Nucleoli are inconspicuous or absent. The 
presence of aggregates of tumor cells with nuclear molding and extensive necrosis is 
characteristic of small-cell carcinoma (Shin and Caraway, 1998). The necrotic material 
derived from crushed nuclei may appear in the form of “blue streaks” of DNAin the 
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Figure 31-50 Metastatic breast carcinoma. Acohesive group of large cells with round 
nuclei and prominent nucleoli is present in a background of small lymphocytes consistent 
with metastatic high-grade ductal carcinoma. (A Diff-Quik stain; B: Papanicolaou stain.) 



At times, it can be difficult to distinguish small-cell carcinoma from lymphoma because of cellular 
distortion or artifacts from air-drying of the smears. Immunostaining may be helpful in the 
diagnosis because small-cell carcinoma is 



focally positive for keratin and negative for lymphocyte common antigen (LCA). 
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Figure 31-51 Metastatic breast carcinoma. Smear shows scattered single cells that are 
relatively small consistent with metastatic lobular carcinoma. 
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Figure 31-52 Breast carcinoma metastatic to lymph node involved by small 
lymphocytic lymphoma. A Aspirate of axillary lymph node shows large atypical cells in a 
background of small lymphocytes with clumped chromatin. B. The large atypical cells are 
positive for keratin. (Immunoperoxidase stain.) 
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Figure 31-53 Metastatic small cell carcinoma. Aspirate shows both cohesive groups of 
cells and single cells with fine nuclear chromatin. Nuclear molding and apoptotic bodies are 
also noted (A Diff-Quik stain; B: Papanicolaou stain.) 



In Merkel cell carcinoma, keratin stain typically shows paranuclear “dot-like” staining that 
corresponds to aggregates of intermediate filaments (see Chap. 34). 

Germ Cell Tumors 

Germ cells tumors occur more frequently in men than in women and have a peak incidence in 
the second and third decade. Although these tumors usually arise from the testes and 
ovaries, they occasionally develop in extragonadal sites, usually located along the midline, 
such as the mediastinum, retroperitoneum, sacrococcygeal area, and pineal body. 
These tumors may metastasize to regional lymph nodes, most commonly those in the 
retroperitoneum. For clinical management, it is helpful to differentiate seminoma from 
nonseminomatous germ cell tumors. 

Aspirates of the lymph nodes from patients with seminoma show a predominantly dispersed 
population of large cancer cells admixed with small mature lymphocytes, plasma cells, and 
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sometimes epithelioid histiocytes and multinucleated giant cells. The tumor cells have 
moderate amounts of cytoplasm that occasionally contain multiple small vacuoles. Nuclei are 
round to slightly irregular, have fine, granular chromatin, and often have one large 
prominent nucleolus (Fig. 31-54). The cytoplasm is fragile and may be stripped during 
smearing, resulting in peculiar streaks of basophilic material, known as a tigroid background, 
best seen on Diff-Quik preparations (Fig. 31-55). The tigroid background is a helpful 
feature, but it is observed in only 39% of cases (Caraway et al, 1995). The tumor often 
forms granulomas in metastatic sites and this feature can sometimes be recognized in smears. 

Cells from 
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seminomas are usually positive for placental alkaline phosphatase (PLAP) and negative for 
CD45, CD30, HMB-45, and keratin (see Chap. 33). 





Figure 31-54 Metastatic seminoma. A Aspirates show a dispersed population of large 
cells with round nuclei and prominent nucleoli admixed with small lymphocytes. B. Tissue 
sections reveal large atypical cells and small mature lymphocytes. (A high magnification.) 
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Both embryonal carcinomas (Fig. 31-56) and endodermal sinus tumors (or yolk-sac 
tumors) show cohesive groups of large cells with pleomorphic nuclei. Aspirated cells from 
endodermal sinus tumors have markedly vacuolated cytoplasm that may contain 
homogeneous hyaline inclusions containing alpha fetoprotein (Akhtar et al, 1990; see 
also Chap. 15). Embryonal carcinoma shows positive immunostaining for low-molecular-weight 
keratin and CD30. 




Figure 31-55 Metastatic seminoma. The tigroid background, best seen on air-dried 
smears, is a helpful finding but not diagnostic of seminoma. (Diff-Quik stain, high 
magnification.) 




Figure 31-56 Metastatic embryonal carcinoma. Aspirates show cohesive clusters of 
large cells with pleomorphic nuclei. 
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Adequate sampling of cells from metastatic germ cell tumors is helpful in detecting the dominant 
component, but a mixed germ cell tumor cannot be totally excluded based on cytologic 
evaluation alone. The cytologic observations must correlate with the clinical and biochemical 
findings, including the presence of serum alpha fetoprotein and human gonadotropin. 

Malignant Melanoma 

Lymph node aspirates of patients with malignant melanoma show a predominantly dispersed 
cell population, similar to malignant lymphomas. Melanoma is known as “the great mimicker” 
because it can have a broad variety of cytomorphologic features. Tumor cells are usually round 
or polygonal, but they may be spindle-shaped, pleomorphic (Fig. 31-57), small, or signet-ring- 
like. The round or polygonal cancer cells have abundant cytoplasm and well-defined cell 
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borders. The nuclei are often eccentrically located, giving the cell a plasmacytoid 
appearance. Mirror-image binucleated and multinucleated cells are frequently seen; their nuclei 
are round to pleomorphic, have fine, granular chromatin, and have either one prominent 
nucleolus or several nucleoli (Fig. 31-58). Intranuclear cytoplasmic inclusions are 
commonly observed. The presence of fine, granular melanin pigment (Fig. 31-59) in the 
cytoplasm is a helpful identifying feature, although, in a substantial proportion of 
aspirates of metastatic melanoma, the pigment is absent. The pigment stains brown in 
hema-toxylineosin and Papanicolaou stains and green in Diff-Quik or other hematologic stains. 

Melanin should be differentiated from hemosiderin, which has a coarser texture. In 
cases in which melanoma is not histologically confirmed, a cytologic diagnosis of metastatic 
melanoma should be supported by results of ancillary studies, such as positive 
immunocytochemical staining for HMB-45, MART-1, or S-100 protein, or ultrastructural analysis 
demonstrating the presence of premelanosomes. Cangiarella et al (2000) described their 
experience with aspiration biopsy of metastatic melanoma in lymph nodes. Except for one false 
suspicious error caused by dermatopathic lymphadenopathy and two false negative results in 
115 patients, the results of FNAwere in concordance with histopathology and clinical follow-up 
data (see also Chap. 34). 
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Figure 31-57 Metastatic melanoma. The pleomorphic cells contain intranuclear 
inclusions. 



* 






mi 

1 









ft 






ftft # 

% > 31 ^ 












SM 






B 




Figure 31-58 Metastatic melanoma. Tumor cells characteristically have abundant 
cytoplasm, eccentrically placed round nuclei, intranuclear inclusions {arrow), and 
prominent nucleoli. (A Diff-Quik stain; B: Papanicolaou stain, high magnification.) 



2129/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



31 - Lymph Nodes 




Figure 31-59 Metastatic melanoma. Tumor cells containing pigment are diagnostic of the 
tumor type. (Oil immersion.) 



Sarcomas 

FNAis useful in documenting metastatic disease in patients with a previous diagnosis of 
sarcoma. Not all sarcomas metastasize to lymph nodes and those that do metastasize do so 
infrequently. The sarcomas that may form lymph node metastases include 
rhabdomyosarcoma, clear cell sarcoma (melanoma of soft parts), epithelioid sarcoma, 
angiosarcoma, Kaposi sarcoma, synovial sarcoma, and Ewing sarcoma (Table 31-13). 
Rhabdomyosarcoma occurs predominantly in children but can also be seen in adolescents and 
young adults. It occurs primarily in the head and neck region, genitourinary tract, upper and 
lower extremities, and retroperitoneum. There are four main subtypes, including embryonal, 
botryoid-type, alveolar, and pleomorphic. Embryonal rhabdomyosarcoma is important to 
keep in mind when examining the aspirates of children because it commonly metastasizes to 
lymph nodes and this may be the initial manifestation of the disease (see Chap. 35). 

Aspirates from patients with metastatic rhabdomyosarcoma show a dispersed population 
of small- to intermediate-sized cells. The tumor cells are usually small, with only a thin rim of 
cytoplasm (Fig. 31-60), but larger cells with abundant eosinophilic cytoplasm and eccentrically 
located 
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nuclei, and spindle-shaped cells may occur (Seidal et al, 1988). The cytologic variability is 
greater in rhabdomyosarcoma than in other small round cell tumors (see Table 31-6). In fact, the 
cells often vary, not only among patients, but also within the same tumor. Cytoplasmic cross- 
striations are practically never observed in lymph node aspirates (Kilpatrick and Geisinger, 

1998) but may be observed in other media (see Chaps. 17, 26, and 35). Positive 
immunostaining for desmin and muscle-specific actin is helpful in confirming the diagnosis. 
Ultrastructural analysis demonstrates myoid differentiation, with the presence of thick and thin 
filaments and attempted formation of Z-bands. 
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• Clear cell sarcoma (melanoma of soft parts) 

• Rhabdomyosarcoma 

• Ewing sarcoma 

• Epithelioid sarcoma 

• Kaposi sarcoma 

• Angiosarcoma 

• Synovial sarcoma 

• Malignant fibrous histiocytoma 




Figure 31-60 Metastatic rhabdomyosarcoma. A Neck aspirate from a child shows 
small-to-intermediate cells with nuclear molding and apoptosis. B. Tissue section shows 
tumor cells infiltrating the lymph node. 
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Clear cell sarcoma, also known as malignant melanoma of soft parts, is a rare soft-tissue 
tumor that usually occurs in the distal extremities of young adults. Aspirates from patients with 
metastatic clear cell sarcoma show round to polygonal tumor cells (Fig. 31-61) with moderately 
abundant cytoplasm and round nuclei with prominent nucleoli (Caraway et al, 1993). Because 
the cytologic, immunocytochemical, and ultrastructural findings are indistinguishable from 
those of metastatic melanoma, clinical correlation is necessary to differentiate these two 
distinct entities. 

Epitheloid sarcoma is another rare soft-tissue tumor that can metastasize to lymph nodes. It is 
more common in adolescents and young adults and usually arises on the finger, hand, or 
forearm. Aspirates show single and loose 
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aggregates of cells that are polygonal to spindle-shaped (Fig. 31-62). The cells may resemble 
histiocytes, mimicking a granulomatous process, however, strong positive staining for 
keratin excludes a granulomatous process. The tumor cells may also appear as spindle- or 
tadpole-shaped cells, mimicking squamous carcinoma. In these cases, the clinical history is 
important. 
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Figure 31-61 Metastatic clear cell sarcoma (melanoma of soft parts). A,B. Smears 
show tumor cells with eccentrically placed round nuclei and occasional intranuclear 
inclusion. (A Diff-Quik stain; B: Papanicolaou stain; A,B: high magnification). 




Figure 31-62 Metastatic epithelioid sarcoma. Loosely cohesive groups of epithelial- 
appearing cells are present. 
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Figure 31-63 Metastatic angiosarcoma. A Aspirate shows atypical spindled cells. B. Cell 
block preparation reveals an aggregate of spindle cells. C. The spindle cells show positive 
immunostaining for factor Vlll-related antigen. (A: High magnification.) 



Cutaneous angiosarcoma (including Kaposi sarcoma) arising in the head and neck region 
frequently metas-tasizes to cervical lymph nodes. Aspirates show spindle- to polygonal-shaped 
cells with pleomorphism (Fig. 31-63). Positive immunostaining for vimentin, Factor Vlll-related 
antigen, and CD34 may be helpful in confirming the diagnosis. 
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32 

Salivary Glands 

Abdelmonem Elhosseiny 

ANATOMIC AND HISTOLOGIC CONSIDERATIONS 

There are two groups of salivary glands, major and minor. The major salivary glands comprise 
three large paired exocrine glands: parotid, submandibular, and sublingual (Fig. 32-1). 

The parotid is the largest of the salivary glands. It is located at the angle of the mandible and 
encircles the ear lobe. It weighs approximately 25 g. The facial nerve divides the parotid into 
superficial and deep parts. Most neoplasms occur in the superficial part of the gland. The 
secretions of the parotid flow through Stensen's duct, opening into the oral cavity on the lateral 
aspect of buccal mucosa. Lymph nodes are commonly present within the parotid and in the 
periparotid region. 

The submandibular gland is approximately half the size of the parotid. It is located in the 
submandibular triangle between the inferior border of the mandible and the digastric muscle. 

Warthin's duct carries the secretions of the submandibular gland to the floor of the mouth. 

There are no lymph nodes within the submandibular gland, though a few lymph nodes are 
adjacent to it in the submandibular triangle. 

The sublingual gland is the smallest of the major salivary glands and weighs approximately 3 
g. It is located in the floor of the mouth in the lingual sulcus. Secretions of the sublingual gland 
are carried in multiple small ducts to the oral cavity. 

Several hundreds of tiny minor salivary glands are scattered throughout the mucosa of the 
oral and nasal cavities, larynx, and bronchial tree. They are most abundant in the posterior hard 
palate. The secretions of minor salivary glands are carried to the oral cavity by short excretory 
ducts (Ellis and Auclair, 1996). 

Ectopic Salivary Gland 

Ectopic salivary gland tissue is most commonly encountered as an incidental finding in 
periparotid and intraparotid lymph nodes (Fig. 32-2A) (Silvers and Som, 1998). These 
lymph nodes may play a role in the pathogenesis of Warthin's tumor and are a potential site of 
inflammatory lesions or metastases from tumors in adjacent and distant locations (Ellis and 
Auclair, 1996). Less commonly, ectopic salivary 

P.1230 

tissue can be seen in soft tissues along the anterior border of the sternocleidomastoid muscle 
and in cervical lymph nodes (Lassaletta-Atienza et al, 1998). Rarely, tumors of salivary gland 
origin, both benign and malignant, may develop in these sites. 
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Figure 32-1 Diagrammatic representation of the anatomy of the three major 
salivary glands. 




Figure 32-2 A. Paraparotid lymph node with inclusions of salivary gland ducts. 
Immunoperoxidase reaction for epithelial cytokeratins. B. Parotid gland with an acinar 
island showing sebaceous differentiation. C. Parotid gland of a newborn. Note the absence 
of fat. D. Parotid gland of an adult. With increasing age, there is a decrease in the density 
of parenchymal glandular tissue and replacement by fat. Loss of parenchyma with 
replacement by fat may also occur in younger adults following irradiation. 



Histology 

The fundamental structure of both major and minor salivary glands comprises acinar and duct 
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units. The acini of serous, mucinous, or mixed seromucinous types are arranged in 
groups or lobules surrounded by a basement membrane. The cells in serous acini are 
approximately triangular with their narrowest part facing the luminal surface; their cytoplasm is 
basophilic and granular. The nuclei are round, uniform, and basally located. The mucinous cells 
have similar shape but their cytoplasm is clear or finely granular; the nuclei are also round and 
basally located. Sebaceous differentiation is sometimes noted (Fig. 32-2B) and well-formed 
sebaceous glands have been reported in 10% to 42% of normal salivary glands (Martinez- 
Madrigal et al, 1997). Saliva that is formed in the acini flows through a series of ducts, 
described below, and into the oropharyngeal cavity. The parotid is almost exclusively 
serous; the sublingual gland is mostly mucinous; and the submandibular gland is 
seromucinous. The composition of the saliva is determined by the histology of the acini. In 
young persons, the acinar cells are closely apposed (Fig. 32-2C) but with advancing age, the 
amount of interstitial adipose tissue increases while parenchymal tissue decreases (Fig. 32-2D) 
(Ellis and Auclair, 1996). 



Figure 32-3 Diagrammatic representation of the basic structure of salivary glands 

illustrating an acinus with surrounding myoepithelial cells and the three types of ducts: 
intercalated, striated, and excretory. 



The duct system of the major salivary glands is divided into three distinct parts: the 
intercalated, the striated, and the excretory (interlobular) ducts (Fig. 32-3). The 
intercalated duct, which lies within and receives the secretions of an acinus, is very short and 
lined by simple cuboidal epithelium. The striated ducts are lined by columnar epithelium with 
basal striations and are much larger than the intercalated duct. The excretory or interlobular 
ducts are the terminal part of the duct system and are lined by stratified columnar epithelium 
that changes to squamous epithelium as the ducts approach the oral cavity. Myoepithelial 
cells are present at the periphery of the acini and along the outside of the intercalated ducts. 

INDICATIONS FOR FINE-NEEDLE ASPIRATION 

Fine-needle aspiration (FNA) cytology has now been accepted by head-and-neck surgeons as 
an excellent, though challenging, primary method of evaluating space-occupying lesions of 
the salivary glands (Zaijcek, 1974; Batsakis et al, 1992; Boccato et al, 1998). Used correctly, it 
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can provide a definitive diagnosis when clinical findings and radiographic studies are not 
adequate to distinguish nonneoplastic from neoplastic lesions, or benign from malignant tumors. 

It has advantages over an operative incisional biopsy, which has the potential risk of fistula 
formation and, in the case of malignant neoplasms, the theoretical possibility of seeding tumor 
cells. 

FNAof salivary glands generally address the following questions: 

■ Is the mass of salivary gland origin? 

■ If the mass is of salivary gland origin, is it neoplastic or non-neoplastic? 

■ If the mass is neoplastic, is it benign or malignant? 

■ If the mass is malignant, is it primary or metastatic? 

If primary, what is the tumor type? 

If metastatic, what is the site of origin? 

The diagnosis rendered by FNA often influences management of the patient (Zaijcek, 1974; 

Kocjan et al, 1990; Orell, 1995) and allows for appropriate treatment planning. For example, if a 
tumor is benign, surgical intervention may be delayed or modified, whereas a malignant 
neoplasm may call for prompt surgical treatment or irradiation. The diagnosis of lymphoma calls 
for still other investigative and treatment options. 

Lesions of the skin and subcutaneous tissues overlying the salivary gland, for example, 
epidermal inclusion cysts, lipomas, tumors of sweat glands, basal cell carcinomas, or 
schwannoma, may be mistaken for a salivary gland tumor (see below). It should also be noted 
that an enlargement of a salivary gland may be caused by a nonneoplastic cyst, reactive 
intraparotid lymph node, stones, or sialadenitis. 

As mentioned earlier, lymph nodes within the parotid or peri-parotid region may be the site of 
metastatic tumor, lymphoma, and inflammatory or reactive processes. 

Complications of FNA of Salivary Gland 

Significant complications of fine-needle aspirates of salivary gland are rare. Kern (1988) 
described postaspiration necrosis in a case of Warthin's tumor and Layfield et al (1992) 
described similar occurrences in cases of pleomorphic adenoma. Stephen et al (1999) reported 
xanthogranulomatous sialadenitis following needle aspiration of Warthin's tumor. Li et al (2000) 
and Mukunyadzi et al (2000) reviewed the histology of a large number of salivary gland lesions 
previously sampled by FNA. They observed that areas of infarction, necrosis, hemorrhage, 
inflammation, and granulation tissue were quite common but did not interfere with the final 
histologic diagnosis. A potential source of error is the presence of exuberant squamous 
metaplasia of ducts, apparently induced by aspiration, which in some cases was marked 
enough to mimic a mucoepidermoid or squamous cell carcinoma. Obviously, knowledge of a 
prior aspiration procedure may be valuable in the interpretation of tissue samples. There has 
been no report known to us of tumor implantation following salivary gland aspiration. 

CYTOLOGY OF NORMAL SALIVARY GLANDS 

It is important to be familiar with cytologic features of normal salivary glands, which may be 
observed in needle aspirates of a prominent but normal salivary gland or failure to sample the 
target lesion. 
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The typical aspirate is composed of acinar cells, duct cells, and adipose tissue. Acinar cells 
form cohesive, spherical groups composed of polyhedral cells with vacuolated or 
granular cytoplasm and small, uniform nuclei (Fig. 32-4A-C). An entire lobule is often 
present with intervening adipose tissue. The duct cells form either flat honeycomb sheets 
of small, uniform cuboidal cells with centrally located round nuclei, or tight tubular 
structures composed of similar cells (Fig. 32-4D). 
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Figure 32-4 Thin needle aspirate of a normal parotid salivary gland. A. Serous acinar 
cells form organized, globoid structures within which one can identify capillary endothelium 
and usually fat. B. Serous acini stained by Diff-Quik. C. Serous acini at high magnification 
stained by Diff-Quik to show intracytoplasmic zymogen granules in serous acinar cells. D. 
An excretory duct in aspirate. 



NONNEOPLASTIC LESIONS 

Cystic lesions 

Cysts may involve acinar tissue of the salivary glands or their ducts; they are more frequently 
encountered in minor salivary glands. 

Mucocele 

A mucocele is a mucus-filled cyst, in or around a minor salivary gland, caused by rupture of the 
gland with extravasation of mucus into adjacent tissues. The cyst has a fibrous wall lined by 
granulation tissue, and contains macrophages as well as mucus. Mucoceles present 
clinically as a raised, painless, soft or fluctuant nodule. They may arise anywhere in the oral 
cavity, but the lower lip is the most common site. 

Retention Cyst 

Retention cysts are closely related to mucoceles, but much less common. They are 
encountered more frequently in major salivary glands, particularly the parotid, and result from 
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duct obstruction by microliths or inspissated secretions (Fig. 32-5). Patients are usually older 
than those affected by mucocele. Retention cysts are true cysts with an epithelial lining that 
may be columnar, squamous, or mucus-secreting. The most important consideration in the 
differential diagnosis is a low-grade mucoepidermoid carcinoma. Jayaram et al (1998) reported 
an erroneous diagnosis of squamous carcinoma in a patient with atypical squamous 
metaplasia of a cyst formed by dilated salivary duct. 




Figure 32-5 Impacted stone. Floor of mouth of a patient with stone impacted at the orifice 
of Warthin's duct of the submandibular gland, just to the left of the frenulum of the tongue 
(arrow). 
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Cytology 

An aspirate of a mucocele or retention cyst yields clear or mucoid fluid. The cell content is 
scanty, but there are usually a few macrophages, with or without other inflammatory cells, and a 
few epithelial cells. Rarely, metaplastic oncocytic cells may be present but they are few in 
number and not associated with lymphocytes, as in Whartin's tumor (see below). Normal 
salivary gland tissue may be seen if the aspirating needle has passed through normal gland. If 
the cyst collapses completely following aspiration, the aspiration may be considered as a 
curative procedure. It is very important to verify that there is no residual mass after 
aspiration; its presence indicates that a solid tumor is hiding behind the cyst and 
repeat aspiration or biopsy are strongly recommended. If a cyst recurs multiple times, 
surgical excision is the treatment of choice (Zarka, 1996). 

Benign Lymphoepithelial Cysts 

These cysts are typically seen in adults and most are unilateral. They present within, or around, 
the parotid and are usually well circumscribed. Previously rare, such cysts have been observed 
with increasing frequency in patients with acquired immunodeficiency syndrome (AIDS). 
The HIV-associated lymphoepithelial cysts are more frequently bilateral and often 
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accompanied by diffuse cervical lymphadenopathy. Stigmata of AIDS may be evident, including 
Kaposi's sarcoma, oropharyngeal herpes, or monilial infections. The cysts are lined by 
squamous epithelium and surrounded by dense lymphoid tissue with reactive lymphoid 
follicles (Wiedner et al, 1986). The histologic structure and cytology of the HIV-associated 
cysts are identical to the benign lymphoepithelial cysts (Fig. 32-6) (Finfer et al, 1990). 

Cytology 

Aspirates contain an abundant, heterogeneous population of reactive lymphocytes and 
macrophages in clear cyst fluid. In addition, there may be a few small clusters of squamous 
or sometimes columnar or cuboidal epithelial cells (Elliot and Oertel, 1990). Lopez-Rios et al 
(1999) reported the presence of crystalloids identified as crystallized amylase in cyst fluid 
from two such patients. For further discussion of crystalloids in salivary gland lesions, see 
below. Vicandi et al (1999) reported the presence of numerous multinucleated giant cells in 
two HIV-infected patients. The presence of viral protein could be demonstrated in these cells by 
immunocytochemistry with p24. 




Figure 32-6 HIV-associated lymphoepithelial cyst of parotid showing a dense lymphoid 
infiltrate with centrally cystic space filled with pink secretory material. 



Nonneoplastic Solid Lesions 
Acute Sialoadenitis 

Acute inflammatory lesions of salivary glands are commonly caused by stasis of secretions 
with microliths (Fig. 32-7A) and bacterial infection, or may be caused by cytomegalovirus 
(CMV) or mumps (Wax and Layfield, 1994). Patients with acute sialoadenitis present with 
tenderness and diffuse enlargement of the affected gland. 



Cytology 

Aspiration is rarely necessary to make the diagnosis but if performed, it yields numerous 
polymorphonuclear leukocytes, frequently associated with cellular debris, macrophages, 
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and proteinaceous background. Fragments of regenerative acinar or ductal tissue may be 
present. 

Chronic Siaioadenitis 

Chronic inflammation of salivary gland is either the result of duct obstruction caused by stones 
(sialolithiasis), or by physical, microbial, or immunological injuries. It is a common complication 
of radiotherapy of head and neck cancers and may result in xerostomia (dry mouth). 

The end stage of chronic siaioadenitis is atrophy of the acini and stromal fibrosis, usually 
resulting in a firm gland that clinically may simulate a tumor (Fig. 32-7B.C) (Chai et al, 1997). 

Cytology 

Aspirates of salivary gland, with chronic siaioadenitis, are generally scanty and contain a 
few lymphocytes, plasma cells, some neutrophils, cellular debris, and macrophages in 

a background of mucus. Rarely, fragments of glands or of fibrous tissue will be present in the 
aspirate. In cases of sialolithiasis, cystic dilatation of ducts may occur. Such ducts may show 
marked proliferation of ductal epithelium resulting in formation of mucoid material. 

Squamous metaplasia of the epithelium may also occur. An aspiration smear in such cases 
may show calcified debris of stones and atypical squamous cells in the background of mucus, 
sometimes mimicking mucoepidermoid carcinoma (Stanley et al, 1996). Acase of chronic 
sialadenitis with numerous psammoma bodies mimicking cancer was described by Frierson 
and Fechner (1991). 

Granulomatous Siaioadenitis 

This form of chronic siaioadenitis may have several possible causes, including tuberculosis and 
sarcoidosis (Aggarwal et al, 1989). Duct obstruction, caused by a stone or tumor, is one 
potential cause of granulomatous inflammation. Xerostomia is uncommon in unilateral disease 
and in the absence 
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of lithiasis, these patients may be asymptomatic. In sarcoidosis, the granulomas are usually 
bilateral, frequently involve surrounding lymph nodes, and may involve other organs, including 
lung (see Chap. 19). Unfortunately, many cases of granulomatous siaioadenitis remain without 
identifiable cause. 
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Figure 32-7 Stages of chronic sialadenitis. A. Histologic sections of submandibular 
gland showing a calculus within a small collecting duct with periductal inflammation. B. 
Early stage of inflammation. There is a dense lymphocytic infiltrate with mild fibrosis and 
some loss of acini. C. Late stage. Marked fibrosis, lymphocytic infiltrate and complete loss 
of acini while the ducts are preserved. The affected glands are hard on palpation and yield 
very scanty material on aspiration. 



Cytology 

The granulomas are focal and may be difficult to sample. If representative material is obtained, 
however, the smears may sometimes contain whole granulomas (Fig. 32-8A). More often, 
however, the smears show aggregates of carrot-shaped, spindle epithelioid cells and 
sometimes well-formed giant cells in a background of lymphocytes and plasma cells 
(Fig. 32-8B,C). Special stains and bacterial culture may be needed to search for 
microorganisms if tuberculosis or other infectious agents are suspected. 

Benign Lymphoepithelial Lesions 
Myoepithelial Siaioadenitis 

These benign lymphoepithelial autoimmune lesions are characterized by a progressive, 
destructive lymphocytic infiltrate of salivary (and lacrimal) glands resulting in loss of acini 
(Fig. 32-9A). There is proliferation of myoepithelial cells with preservation of the ducts, leading 
to the formation of epithelial-myoepithelial islands; hence, the name of myoepithelial 
siaioadenitis that is now attached to this disorder. 

The lesion is closely associated with Sjogren's syndrome, in which the affected individuals 
experience dryness of the mouth and eyes (xerostomia and xerophthalmia), caused by the 
autoimmune destruction of salivary and lacrimal glands. It may occur in association with other 
auto-immune disorders such as rheumatoid arthritis, systemic lupus erythematosus, 
scleroderma, or polymyositis. 

Cytology. 
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Aspiration smears show small tight clusters of epithelial-myoepithelial cells within a 
heterogeneous population of lymphocytes and occasional tingible body macrophages (Fig. 

32-9B). Rare microcalcifications may be present. The epithelial-myoepithelial cells may be 
difficult to find or to identify in smears. In such cases, the diagnosis may be suspected based on 
the history and nature of the inflammatory reaction, but difficult or impossible to prove by 
cytology. 

Necrotizing Siaiometapiasia 

A necrotizing, often ulcerative, sialoadenitis most commonly affects minor salivary glands of the 
palate. It is a self-limited disease of unknown etiology. Histologically, lobular necrosis and 
sialoadenitis are accompanied by squamous metaplasia of the ducts or acini (Brannon et al, 

1991). 

Cytology. 

An aspirate yields islands of metaplastic squamous epithelium within a background of 
mucus with few inflammatory cells. Mucin-secreting epithelial cells 
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may be present and squamous cells may show some inflammatory atypia. Careful history and 
the typical clinical presentation are important in avoiding an erroneous diagnosis of 
squamous or mucoepidermoid carcinoma. 




Figure 32-8 Granulomatous sialadenitis (sarcoidosis). A Aspirate of the parotid gland 
with a well-formed spherical granuloma. This unusual finding is diagnostic of the disease. 
B. Loosely clustered spindly epithelioid cells with characteristic “carrot-shaped” nuclei are 
a common finding in aspirates of granulomas. C. Epithelioid spindle cells with “carrot- 
shaped” nuclei. (A Diff-Quik stain; B,C: high magnification.) 



BENIGN NEOPLASMS 

Most tumors of the salivary glands are benign. The principal types of these tumors are listed in 
Table 32-1. 
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B 



Figure 32-9 Lymphoepithelial lesion. A Parotid gland with dense, diffuse lymphocytic 
infiltrate within which are pale, pink-staining islands of epithelial and myoepithelial cells. B. 
Aspirate of the same lesion showing a group of myoepithelial cells within the background 
of lymphocytes. 



Pleomorphic Adenoma (Benign Mixed Tumor) 

Clinical Data 

Pleomorphic adenomas (PA) are the most common salivary gland tumors; they constitute 60% 
to 70% of all parotid tumors, approximately 50% of tumors in the submandibular glands, and 
40% to 70% of all tumors of the minor salivary glands. 

Ninety percent of the parotid tumors occur in the superficial lobe. The two most common sites 
for PA arising in minor salivary glands are the lip and palate. Rarely, PA may 
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arise from ectopic salivary tissue at unusual sites, as for example in cervical lymph nodes and 
soft tissue of the neck, the breast, the lacrimal glands, or skin of upper and lower extremities. 

The skin lesions are of sweat gland origin and are usually referred to as chondroid 
syringoma (Surana et al, 1993; Lassaletta-Atienza et al, 1998). 



TABLE 32-1 PRINCIPAL BENIGN TUMORS OF SALIVARY GLANDS 

Pleomorphic adenoma 
Warthin's tumor 
Oncocytoma 
Monomorphic adenoma 
Basal cell adenoma 
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PA typically presents as a discrete, painless, firm, mobile mass in a major salivary gland (Fig. 

32-1 OA), or as a painless submucosal nodule in a minor salivary gland. Atumor of the parotid or 
the submandibular gland may be mistaken clinically for an enlarged lymph node and vice-versa. 

A preoperative diagnosis of PA is of significant clinical value as it should alert the surgeon that 
the tumor must be carefully removed with its capsule intact. Incomplete removal may 
result in a recurrence of the tumor in the form of multiple, disfiguring subcutaneous nodules, 
sometimes many years after surgery. 

On the rarest occasions, PA may form metastases to neck lymph nodes, lung, and other 
organs. Such tumors cannot be distinguished morphologically from the nonmetastasizing 
variety (Gerughty et al, 1969; Spiro et al, 1977; Chen, 1987). 

Histology 

PA is a tumor of diverse histologic appearance. It comprises a mixture of epithelial, 
myoepithelial, and stromal mesenchymal components (Fig. 32-1 OB). The presence and 
the prominence of each component may vary in different parts of the same tumor, and from 
tumor to tumor. Some pleomorphic adenomas are very cellular, composed of sheets of epithelial 
cells with only scanty stroma; in others stroma predominates. The epithelial cells may form 
solid sheets of cells, tubules, ducts, acini, or trabecula. Foci of squamous metaplasia, 
with or without keratin formation, oncocytic metaplasia, mucus gland formation, or 
sometimes sebaceous differentiation may occur within the epithelial structures. The 
myoepithelial cells produce the mesenchymal stromal component that may be 
myxoid, chondroid, or hyalinized. Blending of the epithelial structures with the stroma 
is one of the most characteristic features of this tumor. 

The myoepithelial cells in the chondromyxoid stroma are typically stellate or round, but in 
cellular areas, they may be spindly, plasmacytoid, or polygonal in appearance (Ellis and Auclair, 

1996). The nuclei of spindly myoepithelial cells are generally hyperchromatic and tapered. 

Plump, spindle-shaped myoepithelial cells with eosinophilic cytoplasm can resemble cells of 
leiomyoma. The myoepithelial cells may also form small clusters mimicking epithelial cells. 

Tyrosine crystals were initially described by Bottles et al (1984) in a case of pleomorphic 
adenoma. In other PAs, oxalate and yellow hippurate crystals have been identified (see 
below). 

Cytology 

The cytologic features of PA are usually quite characteristic and the correct diagnosis can be 
readily established on an adequate specimen in most cases (Koss et al, 1992; Dardick et al, 

1999). Although the aspirate is usually rich in cells, it is the presence of the 
chondromyxoid stroma, often containing capillary vessels, that is of critical diagnostic 
value (Fig. 32-1 OC). The stromal cells are slender, spindly, or stellate mesenchymal cells that 
may be found singly or in clusters (Fig. 32-1 OD). They commonly merge imperceptibly with 
epithelial cells, but epithelial cells may be entirely separate (Fig. 32-1 OE). The chondromyxoid 
stroma forms irregularly shaped structures that stain gray -green in Papanicolaou stain (Fig. 

32-1 OF), or intensely red or purple with hematologic stains (Fig. 32-1 OG). Cellularity is 
variable, as is the ratio of epithelial cells to stroma, with some tumor fragments composed 
mainly of stroma and others formed mainly by epithelial cells (Frable and Frable, 1991). 

The epithelial cells usually form loosely cohesive clusters that are sometimes of 
papillary configuration, but may also be arranged in flat sheets or sometimes tubules, 
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and are typically intermixed with the chondromyxoid stroma (Fig. 32-10F). When in 
sheets, the epithelial cells are of equal size with scanty, pale cytoplasm and round or slightly 
oval nuclei with fine, evenly textured chromatin (Fig. 32-10E). Murty and Sodhani (1993) 
reported the presence of intranuclear cytoplasmic inclusions. Occasional larger epithelial 
cells, with well-defined eosinophilic cytoplasm and eccentric small nuclei, may be observed, but 
nuclear chromatin is finely granular and evenly distributed, often with tiny nucleoli (Klijanienko 
and Vielh, 1996). Also, in rare instances, epithelial cells with basaloid features are 
arranged in ball-like structures, as commonly observed in adenoid cystic carcinoma (see 
below) (Elshiekh and Bernacki, 1996). 
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Figure 32-10 Pleomorphic adenoma (mixed tumor) of parotid gland. A Gross appearance 
of a well-circumscribed, lobulated, firm white tumor mass. B. Histologic section shows the 
epithelial component and myxoid or chondromyxoid stroma; the latter is often a key 
diagnostic component in the needle aspirates. The epithelium forms ductal structures, may 
be undifferentiated or basaloid with hyalinized stroma, mimicking adenoid cystic carcinoma, 
or it may undergo squamous differentiation with keratinization. It can vary from area to area 
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within the same tumor. C. Thin-needle aspirate of pleomorphic adenoma at high 
magnification showing characteristic faintly bluish chondromyxoid material with capillaries. 
D. Myoepithelial and myxoid stromal cells. E. A cluster of epithelial cells. F. Diff-Quik stain 
showing transition between islands of epithelial cells and chondromyxoid stroma. G. 
Magenta-staining chondromyxoid stroma in Diff-Quik. H. Loosely distributed, bland- 
appearing “plasmacytoid” myoepithelial cells with round nuclei (hyaline cells). ( C,E-H : High 
magnification.) 
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The myoepithelial cells may form clusters of loosely cohesive cells. Individual cells may have 
a spindle or plasmacytoid appearance with indistinct cytoplasmic borders (Fig. 32-1 OH). Such 
cells cannot be readily differentiated from epithelial cells. 

Various types of metaplasia that have been observed in PA as described above, are seldom 
evident in the needle aspirate. When either squamous, oncocytic, sebaceous, or 
mucinous metaplasia is prominent, the possibility of a low-grade mucoepidermoid 
carcinoma must be considered (Stanley and Lowhagen, 1990). Rarely, aspirates of benign 
PA have been reported to contain calcifications resembling psammoma bodies (Qizilbash 
etal, 1985). 

When present, crystalloids are useful in confirming the diagnosis of PA. Several different 
varieties of crystals have been identified. Tyrosine crystalloids usually form yellow or pink 
leaf-shaped structures (Fig. 32-1 1AB) but may also form needle-shaped and tubular crystals 
(Lopez-Rios et al, 1999). Other crystalloids are the polygonal, yellow-staining hippurate 
crystals (Fig. 32-1 1C), needle-shaped oxalate crystals, radially arranged needle-shaped 
collagenous crystals and multifaceted amylase crystals with pointed ends (Campbell et al, 

1985; Sugihara et al, 1998). Only tyrosine crystals have been reported in low-grade 
adenocarcinomas of salivary glands (Raubenheimer et al, 1990; Lopez-Rios, 1999). So far as is 
known today, all other crystalloids have been observed only in benign PA 




Figure 32-11 Crystalloids in benign pleomorphic adenomas. A. Leaf-shaped yellow 
tyrosine crystal in FNAof a parotid tumor. B. Similar crystals in tissue section. C. Polygonal 
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hippurate crystals. 



Diagnostic problems in PA can arise when there is selective sampling with little or no 
chondromyxoid ground substance and the lesion may be interpreted as a carcinoma. Also, the 
presence of many single atypical epithelial cells may raise the possibility of carcinoma ex 
pleomorphic adenoma. Landolt et al (1990) reported the cytologic diagnosis of a metastatic 
mixed tumor (PA) to the lung. The principal features of pleomorphic adenoma and its 
differential diagnosis are summarized in Table 32-2. 

Wart h in's Tumor (Adeno/ymphoma) 

Warthin's tumor, also known as papillary cystadenoma lymphomatosum, or 
adenolymphoma, is the second most frequent benign tumor arising in the parotid. 

It is a slowly growing, soft, usually cystic, painless tumor, often described as “doughy” (Fig. 32- 
12A). It arises almost exclusively in the lower pole of the parotid gland, and affects 
mainly men in the sixth or seventh decades of life. Occasionally, the tumor may arise in 
peri-parotid lymph nodes. The cysts, of variable sizes, contain turbid, 
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yellow, sticky fluid, accounting for the spongy consistency of the tumor. The tumor is multifocal 
or bilateral in approximately 10% of cases (Ellis and Auclair, 1996). There appears to be a 
close association between Warthin's tumor and cigarette smoking (Brandwein and Huvos, 

1991). No relationship has been established with Epstein-Barr virus (EBV) (van Heerden et al, 

1999). 



TABLE 32-2 PRINCIPAL CYTOLOGICAL FEATURES OF PLEOMORPHIC ADENOMA 

Cellular smears composed of epithelial cells blending with fibromyxoid background 
The presence of fibromyxoid stroma 
The presence of crystalloids 
Differential Diagnosis 

Adenoid cystic carcinoma, if the epithelial cells form ball-like structures 
Low-grade mucoepidermoid carcinoma, if there is an extensive squamous metaplasia 
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Figure 32-12 Warthin's tumor. A. The gross appearance of a “doughy” multicystic, tan 
tumor, strikingly different in gross appearance and texture from the pleomorphic adenoma 
(mixed tumor), which is a firm, discrete, lobulated white mass (see Fig. 32-1 OA). The “feel” 
upon insertion of the needle may provide a diagnostic clue. B. Histologic sections show a 
multicystic tumor with oncocytic cells surfacing papillary intracystic projections of lymphoid 
tissue with prominent follicles, hence the alternative name “papillary cystadenoma 
lymphomatosum.” C,D. Thin-needle aspirate of Warthin's tumor showing prominent 
oncocytic epithelial cells with abundant deeply eosinophilic cytoplasm. The oncocytic cells 
may form flat sheets ( C ), overlapping groups, or occur as single cells. The granular 
features of the cytoplasm are better visualized with Diff-Quik stain ( D ). The background of 
the smears is formed by precipitated cyst fluid with lymphocytes. 



Histology 

Warthin's tumor has a distinctive histologic appearance. It is composed of oncocytic 
epithelium, arranged in papillary fronds, lining clefts or cystic spaces. The stroma of the 
tumor is densely infiltrated with lymphoid tissue (Fig. 32-1 2B). The epithelium is arranged 
in two layers: inner columnar and outer cuboidal cell layers. The lymphoid stroma frequently 
includes reactive lymphoid follicles. In unusual cases sarcoid-like granulomas have been 
described (Rysska et al, 1999). Rarely, transformation into a lymphoma has been reported 
(Park et al, 2000). Squamous or mucinous metaplasia of the lining epithelium may 
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be present (Klijanienko and Vielh, 1997). The cyst contents are a mucoid, brownish material 
with degenerated epithelium, cellular debris, cholesterol clefts, and variable numbers of 
macrophages (Mandel and Tomkoria, 2000). 

Cytology 

The aspirate usually yields up to several milliliters of turbid brownish fluid; some compare it to 
motor oil. Smears from Warthin's tumor typically contain three components: oncocytic 
cells, reactive lymphocytes, and cellular debris in a mucoid background. The most 
characteristic component is the many oncocytic cells, which are easily recognized as large 
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epithelial cells with abundant, densely eosinophilic, granular cytoplasm that is rich in 
mitochondria (see Fig. 32-1 1C,D). They are arranged in flat, cohesive sheets, occasionally 
forming tight papillary fronds. A mixed population of reactive lymphocytes with tingible body 
macrophages usually forms the background of the smear. The mucoid cyst fluid usually 
contains cellular debris, macrophages and isolated epithelial cells with pyknotic nuclei. Not 
infrequently, neutrophils also are seen. Nontyrosine crystalloids have been described in the 
cyst contents (Nasuti et al, 2000). 

The aspirates may also contain clusters of squamous cells or mucin-producing goblet cells 
derived from foci of squamous or mucinous metaplasia. In the presence of these components, 
the differential diagnosis includes branchial cleft cyst and low-grade mucoepidermoid 
carcinoma. Infarction of Warthin's tumor has been reported as a rare complication of aspiration 
(DiPalma et al, 1999). The primary features of Warthin's tumor and its differential diagnosis are 
summarized in Table 32-3. 

Oncocytoma 

These are rare, benign, solid tumors of salivary glands, accounting for less than 1% of all 
salivary gland tumors. They may occur in the parotid, submandibular, or minor salivary 

glands. The average age of these patients is about 70 years, and women are somewhat more 
often affected than men. The patients usually present with an asymptomatic swelling of a 
salivary gland. 



TABLE 32-3 PRINCIPAL CYTOLOGICAL FEATURES OF WARTHIN'S TUMOR 

Abundant oncocytes arranged in sheets, clusters, or occurring singly 
Background of lymphocytes, mucoid material and cell debris 
Occasionally, squamous and goblet cells are observed. 

Differential Diagnosis 
Oncocytoma 

Rarely squamous cell carcinoma or low-grade mucoepidermoid carcinoma in the 
presence of extensive squamous metaplasia 



The tumor is usually well demarcated or encapsulated, and composed of uniform oncocytic 
cells arranged in solid, tubular, or trabecular patterns. The individual cells are 
polygonal, with characteristically abundant granular eosinophilic cytoplasm and round 
nuclei with eccentric nucleoli (Fig. 32-1 3AD). Clear cell transformation may occur in some 
tumors due to glycogen deposit in the cytoplasm. However, the cell pattern remains unchanged 
(Brandwein and Huvos, 1991). There is no evidence of mitotic activity. Psammoma bodies 
have been observed in this tumor (Palmer et al, 1990). 
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Cytology 

The aspiration smears show sheets of tightly packed polygonal oncocytic cells with 
abundant, deeply eosinophilic granular cytoplasm, and uniform round central nuclei 
with prominent slightly eccentric nucleoli. The absence of lymphocytes and cellular 
debris are the most important features differentiating this tumor from Warthin's tumor (Fig. 32- 
13B,C). It is not known whether the very rare oncocytoid adenocarcinoma is derived from 
benign oncocytoma. Such a case was described by Austin et al (1987). 

Oncocytosis 

Oncocytosis refers to a nodular or diffuse hyperplasia of oncocytes within the salivary gland, 
without encapsulation or formation of a discrete mass (Palmer et al, 1990). Oncocytosis may be 
very extensive and replace a significant portion of the affected gland. Dardick et al (1999) 
pointed out that focal oncocytic metaplasia may be observed in many conditions and tumors of 
salivary glands. This change may be artificially induced by electrocautery (Shick and Brannon, 

1998). Differentiation from oncocytoma by cytology alone is impossible (Eneroth and 
Zajicek, 1965). In a personally observed case, the cytologic presentation of an extensive 
oncocytosis was identical to an oncocytoma. 

Basal Cell Adenoma 

This relatively uncommon benign neoplasm has been considered a prototype of a group of 
salivary gland tumors collectively known as monomorphic adenomas. Because of significant 
confusion concerning the classification of these tumors, the term is no longer recommended by 
WHO (Simson, 1994) but it is still used. As defined by Seifert and Sobin (1992), basal cell 
adenoma is a “tumor of basaloid cells with distinct basement membrane-like material that lacks 
chondromyxoid stroma.” 

Seventy percent of these tumors occur in the parotid, with the remainder occurring in the 
submandibular gland, and the minor salivary glands, especially in the upper lip. 
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The least common sites are the buccal mucosa and the palate. The tumor is observed more 
often in women, and most of the patients are elderly. Clinically, it presents as a painless, solid, 
mobile nodule varying in size from 2 to 3 cm (Batsakis et al, 1991). 
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Figure 32-13 Oncocytoma. A Histologic appearance is that of a homogeneous 
population of oncocytic cells with occasional fat cells. Note that the ducts are absent. B. 
The cytology of a needle aspirate is characterized by oncocytic cells as in Warthin's tumor 
but without lymphocytes. Broken cells, stripped nuclei and granular cytoplasmic debris form 
the background. C,D. Smear and cell block section of another case showing the same 
features. 



Histology 

This encapsulated tumor is composed of small basaloid cells with a peripheral 
palisade arrangement, mimicking basal cell carcinoma of the skin (Fig. 32-14A). 

Histologic patterns may be trabecular (60%), tubular (30%), solid, or membranous. In 

the trabecular form, the tumor cells are arranged in 3 to 4 cell-thick cords, separated by 
basement membrane. In the tubular type, the cells form tubules with distinct lumens resembling 
salivary ducts (Fig. 34-14F). The tubular or canalicular type of monomorphic adenoma more 
frequently involves the upper lip and is regarded by some as a special entity, but does not have 
any special therapeutic or prognostic significance (Zarbo et al, 2000). The membranous pattern 
is characterized by marked production of basement membrane-like material (Batsakis et al, 

1983). Any of the monomorphic adenomas may exhibit focal oncocytic or sebaceous 
differentiation. 

Cytology 

Aspiration smears yield numerous uniform small cells with sparse, pale, basophilic cytoplasm, 
and bland, round to oval nuclei with granular chromatin and small chromocenters. They often 
are present in clusters or sometimes branching cords. Avariable amount of amorphous, 
eosinophilic, stromal basement membrane-like material is present, usually adjacent to 
the cell clusters (Fig. 32-14B). Occasionally, the amorphous material is spherical and 
surrounded by small epithelial cells, mimicking adenoid cystic carcinoma (Fig. 32-14C,D). In 
some cases of tubular adenoma (Fig. 34-14E), the aspiration smear contains cohesive 
clusters of small epithelial cells, similar to those observed in the trabecular type (Fig. 34-14B- 
D). In this particular case, the hyaline material was not evident in the smear. Klijanienko et al 
(1999) reported seeing squamous cells and debris in two of their cases of basal cell 
adenoma, rendering the differential diagnosis very difficult. Gupta (1996) reported a case of 
dermal anlage tumor of the parotid, a subtype of monomorphic adenoma. The smears were 
characterized by the presence of basement membrane-like material besides the clusters of 
small, uniform epithelial cells. Drut and Quijano (1999) described an unusual case of atypical 
plasmacytoid variant of monomorphic adenoma. 
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Figure 32-14 Basal cell adenoma. A Histologic sections show a discrete tumor mass 
composed of uniform basaloid cells in islands with peripheral palisade arrangement. B-D. 
High magnification of a thin-needle aspirate of basal cell adenoma showing loosely 
cohesive clusters of small monotonous appearing basaloid cells adjacent and intermingled 
with eosinophilic homogeneous material. If the basement membrane-like material is 
spherical and surrounded by basal cells, it resembles adenoid cystic carcinoma ( C,D ) 
(compare with Fig. 32-18). E,F. Trabecular adenoma. E. A cluster of small tumor cells 
without distinguishing features. F. The tubular configuration of the tumor with 
homogeneous material filling the lumens. 



The cellular pleomorphic adenoma and adenoid cystic carcinoma must be considered 
in the differential diagnosis of basal cell adenoma. The absence of chondromyxoid 
background is helpful in ruling out pleomorphic adenoma (Stanley et al, 1988, 1996). The 
differential diagnosis between a basal cell adenoma and adenoid cystic carcinoma, 

which is described below, is occasionally very difficult, particularly if the hyaline deposits are 
spherical and surrounded by epithelial cells, as shown in Figure 34-14C. In general, the 
basement membrane globules of monomorphic adenomas are usually smaller than those of 
adenoid cystic carcinoma but the difference is often trivial. However, in adenomas the uniform 
cells with inconspicuous nucleoli usually form flat sheets rather than multilayered clusters, 
characteristic of adenoid cystic carcinoma (Hood et al, 1983; Stanley et al, 1988). Still, in some 
cases, only the 
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histologic examination of the excised tumor yields the correct diagnosis. 
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The rare basal cell carcinoma, originating in a basal cell adenoma, is also a consideration in the 
differential diagnosis that depends on the presence or absence of an infiltrative tumor border, 
a feature that cannot be appreciated in cytologic aspirates (Nagao et al, 1997). There are 
cases of basal cell adenocarcinoma reported to have had residual evidence of monomorphic 
adenoma (Luna et al, 1989). 

Cutaneous cylindromas, tumors of sweat glands, may overlie salivary glands and be 
mistaken for the solid variant of basal cell adenoma in an aspirate, hence the importance of 
careful physical examination at the time of the aspiration. 

The principal features of basal cell adenoma and its differential diagnosis are summarized in 
Table 32-4. 

Rare Benign Tumors 
Myoepithelioma 

This tumor is extremely rare in the salivary glands; it is somewhat more common in the breast, 
and the reader is referred to Chapter 29 for description. Dodd et al (1994) described the 
cytologic findings in one such lesion in the parotid. The smears were composed of a population 
of small spindly cells without distinctive cytologic features. 

Intraductal Papilloma 

These uncommon cystic tumors occur mainly in minor salivary glands but may sometimes 
affect the major glands as well (review in Brannon et al, 2001). The tumors form palpable 
nodules without any special features and the diagnosis is established by histology. The 
cytologic findings in two cases, one affecting the parotid and the other a submaxillary gland, 
were reported by Soofer and Tabbara (1999). In both cases, the aspiration yielded fluid, 
containing orderly papillary clusters of benign epithelial cells with oncocytic features, some 
showing sebaceous differentiation. The tissues in these cases disclosed thick-walled cysts 
with fibrovascular cores surfaced by benign, oncocytic epithelium with focal sebaceous 
differentiation. Clearly, these rare tumors closely resemble Warthin's tumor. 



TABLE 32-4 PRINCIPAL CYTOLOGICAL FEATURES IN BASAL CELL ADENOMA 



Cellular smears composed of small, uniform basaloid cells arranged in flat sheets and 
trabecula 

Hyaline stroma, usually occurring at the periphery of cell groups but occasionally as a 
central globule 

The parotid is the most likely site in elderly women 
Differential Diagnosis 

Adenoid cystic carcinoma, particularly of the solid type 
Pleomorphic adenoma with basaloid proliferation 
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Capillary Hemangiomas 

These proliferations of small blood vessels are usually observed in childhood as red or purple 
patches on the skin and very rarely, if ever, require cytologic or histologic diagnosis (Lack and 
Upton, 1988). Afortuitous case was reported by Koss et al (1992). The aspiration smear 
contained loosely structured bundles of short spindly benign cells. 

MALIGNANT TUMORS 

The principal malignant tumors of the salivary glands are listed in Table 32-5. Of these, 
mucoepidermoid carcinoma, adenoid cystic carcinoma, and acinic cell carcinoma are most 
common. The cytologic diagnosis of the various tumor types is sometimes very difficult and 
requires great attention to details and considerable experience, as is evident from the points of 
differential diagnosis in the tables. 

Mucoepidermoid Carcinoma 

Mucoepidermoid carcinoma is the most common malignant neoplasm of salivary glands in 
adults (Evans, 1984) and the second most common in children (Flaitz, 2000). It is most 
frequently encountered in the parotid, but also occurs in minor salivary glands in the palate, 
retromolar zone, floor of mouth, and tongue. 

Mucoepidermoid carcinoma is a tumor of duct origin. It is well-demarcated and painless at 
onset. In later stages, the tumor may infiltrate surrounding tissue, overlying skin, and 
metastasize to regional lymph nodes and distant organs (Spiro et al, 1978). 

Histology 

The tumors are composed of a mixture of squamous (epidermoid), intermediate and 
mucus-producing cells in various proportions. They are classified as low-, intermediate-, or 
high-grade, depending on the relative proportion of cystic mucinous component (low grade) 
versus solid epidermoid or intermediate cell component (high grade), presence of mitoses, 
neural invasion and necrosis (Hicks and Flaitz, 2000). 



TABLE 32-5 PRINCIPAL MALIGNANT TUMORS OF THE SALIVARY GLANDS 

Mucoepidermoid carcinoma 
Adenoid cystic carcinoma 
Acinic cell carcinoma 

Polymorphous low-grade adenocarcinoma 
Epithelial-myoepithelial carcinoma 
Salivary duct carcinoma 
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Oat cell and other endocrine carcinomas 



Lymphoma 



Metastatic tumors 
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Low-grade mucoepidermoid carcinoma is slow growing, well demarcated, and painless. 
Cystic spaces within the tumor, and multiple papillary fronds projecting into them, are lined by 
columnar, mucus-producing epithelial cells, interspersed with large, usually well-differentiated 
squamous cells, occurring singly or in small clusters (Fig. 32-1 5A). The cysts' content consists 
of abundant thick mucoid material and usually a few mucus-producing cells, inflammatory cells, 
and cellular debris. Solid nests of polygonal intermediate epithelial cells may be present in the 
fibrous stroma of the tumor. 

High-grade mucoepidermoid carcinoma is solid, grossly less well demarcated, and may 
have infiltrating margins. It is often painful and associated with facial nerve palsy. The tumor is 
composed predominantly of moderately to poorly differentiated squamous (epidermoid) and 
intermediate cancer cells, accompanied by scant mucus-producing cells (see Fig. 32-17D). 
There is often perineural invasion, tumor necrosis, and variable numbers of mitoses. Special 
stains may be needed to confirm the presence of mucus secretion in the cytoplasm of some of 
the squamous cells (see below) (Koss et al, 1992; Goode et al, 1998). 

Intermediate-grade mucoepidermoid carcinoma combines the features of low-grade and 
high grade tumors, but the level of atypia in the squamous (epidermoid) component is moderate 
(Fig. 32-16B). 



Figure 32-15 Mucoepidermoid carcinoma — low grade. A Tissue section showing the 
mucinous and epidermoid components of the tumor. B,C. Aspiration biopsy smear showing 
small epidermoid cells with small nuclei and scattered large mucus-producing cells. D. High 
magnification of mucicarmine-stained epidermoid cells to document the presence of mucus 




C 




D 
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Cytology 

The needle aspirates of mucoepidermoid carcinoma may be classified as either low-grade or 
high-grade tumors, based on essentially the same criteria used for histologic grading. Low- 
grade carcinomas often are difficult to recognize as malignant tumors. The smears 
usually consist of thick mucoid cyst fluid containing clusters of small, often rounded 
intermediate cells with small, uniform nuclei and eosinophilic cytoplasm. Of critical diagnostic 
value is the presence of much larger, mucus-producing cells with clear cytoplasm 
attached to, or incorporated into, the clusters of intermediate cells (see Fig. 32-15B.C). 

Occasionally, somewhat larger cells of squamous lineage may be observed. Even though the 
cytoplasm of these cells is usually uniformly eosinophilic and opaque, it may sometimes show 
peripheral mucous vacuoles. Characteristically, the opaque cytoplasm of an occasional cell 
stains red with the mucicarmine stain, thus indicating the presence of mucus (see Fig. 32- 
15D). In spite of their sometimes deceptively benign appearance, these tumors are fully capable 
of invasion and metastases, sometimes many years after initial treatment. 

R1245 




Figure 32-16 Intermediate-grade mucoepidermoid carcinoma. A Aspiration smear 
with a cluster of intermediate cells and occasional, relatively small vacuolated, mucin- 
secreting cells. B. Histology of the same intermediate-grade mucoepidermoid carcinoma 
showing almost equal representation of mucinous and intermediate or epidermoid cells. 



Aspirates of intermediate-grade mucoepidermoid carcinomas are more cellular than 
those of low-grade tumors, consisting of nonmucinous intermediate cells interspersed 
with mucin-secreting cells (Fig. 32-16A.B). 

High-grade mucoepidermoid carcinomas are typically richly cellular and composed 
predominantly of intermediate, poorly differentiated and squamous cancer cells that 
may occur singly or in clusters. The sharply demarcated cells have homogeneous, 
basophilic, or eosinophilic cytoplasm in Papanicolaou stain (Fig. 32-17A). Variable cytoplasmic 
staining and sharp cell borders are seen in hematologic stains. The cells have large 
hyperchromatic 
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nuclei (Fig. 32-1 7B). Scattered mucus-producing vacuolated cells are relatively few in 
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number. Occasionally, malignant squamous “pearls” may occur (Fig. 32-1 7C). Mitoses may 
be noted and there is often evidence of necrosis. The mere presence of squamous cells, 
and particularly of a squamous pearl in a salivary gland aspirate, should raise 
suspicion of a mucoepidermoid carcinoma. 




Figure 32-17 High-grade mucoepidermoid carcinoma. A,B . Aspiration biopsy smear 
showing a mixture of undifferentiated malignant cells, some at high magnification ( B ) 
appear epidermoid with opaque eosinophilic cytoplasm and hyperchromatic nuclei, 
whereas others have a more glandular appearance with faintly staining mucus in the 
background. C. Squamous pearl in the same smear. D. Tissue section corresponding to B. 
The tumor is growing predominantly as an epidermoid carcinoma. 



The diagnosis of mucoepidermoid carcinoma is most difficult for low-grade tumors that yield 
scanty cellular aspirates containing usually only a few clusters of small, uniform intermediate 
tumor cells. Clues to this diagnosis are provided by knowledge that the aspirate was obtained 
from a cystic tumor (Klijanienko and Vielh, 1997) and by the mucoid, sparsely cellular nature of 
the smear. Acareful search for a few mucus-producing cells is then imperative. In their 
absence, one must consider the possibility of a mucus retention cyst or mucocele. As previously 
noted, the presence of a persistent mass or thickening after aspiration of a cystic tumor, should 
suggest the possibility of a low-grade mucoepidermoid carcinoma. 

The differential diagnosis of mucoepidermoid carcinoma includes the extremely rare 
epidermoid inclusion cysts and the equally rare pleomorphic adenomas, with a dominant 
squamous component. The latter, however, is accompanied by the customary stroma (see 
above). The clusters of malignant intermediate and/or squamous cells may be mistaken for an 
undifferentiated carcinoma or squamous cell carcinoma, but a careful search for mucous cells, 
the mucoid background, and the aid of special stains for mucus, help in establishing the correct 
diagnosis. 

The principal features of mucoepidermoid carcinoma and its differential diagnosis are 
summarized in Table 32-6. 
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Adenoid Cystic Carcinoma 
Adenoid cystic carcinoma is a highly malignant but usually slow-growing, solid salivary gland 
tumor that is encountered more frequently in the submandibular and minor salivary glands than 
in the parotid. Adenoid cystic carcinomas also occur in the trachea, bronchus, esophagus, 
cervix, breast, and other organs (see appropriate chapters). 

The first clinical manifestation of this tumor is usually a solid, mobile mass that is 
indistinguishable from a pleomorphic adenoma. With the passage of time, the tumor invades the 
surrounding structures. Perineural involvement is common, causing pain and fifth nerve palsy. 
The most characteristic feature of behavior of this tumor is local and destructive recurrences. 
Metastases may occur after several years, usually preceded by several local recurrences, and 
they frequently involve the lung and bone and, less often, lymph nodes (Haddad et al, 1995). 

Histology 

The tumor is composed of small basaloid cells with scant cytoplasm arranged in sheets or 
tubules around characteristic cystic spaces that contain homogeneous or fibrillary basement 
membrane material (Fig. 32-1 8A). The latter were originally described as “cylinders,” and the 
tumors were called “cylindromas.” There is considerable variability in the relative proportion of 
epithelial and acellular components from tumor to tumor. In some tumors, particularly late 
recurrences, the tumors are solid and the hyaline inclusions are very sparse. Penner et al 
(2002) noted that c-kit documented by immunostaining is expressed in these tumors. For 
further discussion of c-kit, see Chapter 24. 



TABLE 32-6 PRINCIPAL CYTOLOGIC FEATURES OF MUCOEPIDERMOID CARCINOMA 
Low grade 

Aspirate is rich in mucus, but usually contains few cells 
Mucus-producing cells have an abundant vacuolated cytoplasm 
Sparse clusters of intermediate cells wherein mucus can be documented 
Squamous cells, if present, are few with cytoplasmic vacuoles and cytoplasmic mucin. 
Differential Diagnosis 
Mucinous cyst 

Pleomorphic adenoma with squamous component 

Intermediate grade 

Deceptively benign-looking squamous cells with cytoplasmic mucin 
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Rare mucus-producing cells 

High grade 

Abundant clearly malignant cells of epidermoid or keratinized type 
Mucus production is scant and may be difficult to document without special stains. 
Differential Diagnosis 
Epidermoid inclusion cysts 
Squamous carcinoma (primary or metastatic) 



Cytology 

Aspirates from adenoid cystic carcinoma usually yield moderately cellular smears with two 
components: epithelial cells and acellular basement membrane material, the latter 
appearing as homogeneous spherical structures that are diagnostic and nearly unique 
to this tumor. 

The epithelial cells are relatively small with basaloid appearance and scant amounts of 
cytoplasm; they may have small, but clearly visible nucleoli. For the most part, they are 
arranged in cohesive, often spherical, or tri-dimensional globoid clusters of various sizes, 
surrounded by loose epithelial cells, usually devoid of cytoplasm (Fig. 32-1 8B). The key to the 

diagnosis is the identification of tumor cell clusters with a central core of 
homogeneous basement membrane substance, corresponding to the acellular component 
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of the tumor (Fig. 32-1 8B). In exceptional cases, numerous cores will be observed in one area 
of the smear (Fig. 32-1 8C). Finding the central core may require careful examination of several 
clusters of cells. In Papanicolaou and hematoxylin-eosin-stained material, the cores may be 
eosinophilic, but very often are transparent and visualized only by careful up-and-down 
focusing of the microscope. The cores stain better with polychrome stains, such as Giemsa, 

Diff-Quik, and alcian blue (Fig. 32-1 8D). In aspirates with abundant acellular material, one may 
find hyaline cylinders or barrel-shaped structures accompanying, or surrounded by, tumor cells 
in palisade-like arrangement (Fig. 32-18C). 
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Figure 32-18 Adenoid cystic carcinoma. A Histologic section showing the characteristic 
cribriform configuration of the tumor with small, dark, basal epithelial cells lining cystic 
spaces filled with homogeneous material. B. Thin-needle aspirate is composed of sharply 
demarcated spherical clusters of small, basaloid cells containing globoid cystic spaces. C. 
The basement membrane hyaline material is well demonstrated here, but is best brought 
out by polychrome stains (Diff-Quik), as in D, in which the globoid masses, lying in close 
association with basaloid cells, take on a bright magenta hue. 



Occasionally, very large fragments of tissue composed of several aggregates of tumor cells are 
aspirated. These large aggregates have a lobulated appearance caused by darker “grooves.” 

The central core of homogeneous substance usually can be seen within these lobules by 
focusing up and down (Koss et al, 1992; Nagel et al, 1999). 

Smears from poorly differentiated adenoid cystic carcinomas, which are composed mostly of 
solid sheets of tumor cells, may lack the hyaline core material; hence, the precise determination 
of tumor type becomes difficult. However, clustering in spherical aggregates of the small tumor 
cells, some of which have somewhat enlarged nuclei with coarse chromatin pattern and 
prominent nucleoli, facilitates the correct diagnosis. The differential diagnosis includes basal 
cell adenoma, cellular pleomorphic adenoma that may contain many small basaloid cells 
(Klijanienko and Vielh, 1997), and the very rare endocrine type of carcinoma (see below). 

Dermal eccrine cylindromas, benign tumors of sweat glands, may be mistaken for adenoid 
cystic carcinomas of the parotid. Bondeson et al (1983) compared the aspiration biopsy pattern 
of these two tumors with vastly different behavior, and concluded that they cannot be separated 
on cytologic grounds. Since eccrine cylindroma is a mobile lesion of the dermis, the clinical 
presentation is essential in the differential diagnosis. 

The principal features of adenoid cystic carcinoma and its differential diagnosis are summarized 
in Table 32-7. 

Acinic Cell Carcinoma 

Acinic cell carcinoma constitutes about 3% of malignant salivary gland tumors. It is a slow- 
growing, sometimes bilateral, low-grade malignant tumor arising most often in the 
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parotid gland. It may rarely arise in the submandibular gland, and is quite rare in minor salivary 
glands. This is the most common malignant salivary gland tumor in children and adolescents. 

The prognosis of the tumor depends on stage at discovery. Superficial tumors, particularly 
those seen in young patients, fare quite well after surgical treatment (Spiro et al, 1978). Still, 
local recurrence after excision (Timon et al, 1995), metastases to regional lymph nodes, and 
distant metastases to lungs and bone have been observed despite the seemingly indolent 
nature of this tumor. 



TABLE 32-7 PRINCIPAL CYTOLOGICAL FEATURES OF ADENOID CYSTIC 

CARCINOMA 

Numerous spherical or three-dimensional tumor fragments composed of small 
monotonous cancer cells 

Central cores of hyaline material 

Dispersed tumor cells with uniform dark nuclei and small, but visible, nucleoli in poorly 
differentiated tumors, hyaline cores may be absent, but the tumor cells display 
crowding and sometimes marked nuclear abnormalities facilitating the diagnosis of a 
malignant tumor. 

Differential Diagnosis 

Basal cell adenoma, dermal eccrine cylindroma 

When the central core of hyaline material is absent: 

Basal cell adenoma/adenocarcinoma 

Cellular pleomorphic adenoma 

Small cell endocrine carcinoma 

Basal cell carcinoma of skin 
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Figure 32-19 Acinic cell carcinoma. A Histologic section showing a solid mass of 
malignant acini, lined by cells with abundant basophilic, granular cytoplasm. There are no 
ducts present. B,C. Thin-needle aspirate reveals cohesive clusters and loose tumor cells 
that individually may resemble normal acinar cells, but are much larger. Further, the 
architecture of the salivary gland is lost (compare with Fig. 32-4), and there are no ducts or 
fat. The tumor cells, best seen at the periphery of the clusters, are polyhedral with 
abundant pale or basophilic granular cytoplasm and small nuclei. D. There are many 
stripped nuclei with cytoplasmic debris in the background. 



Histology 

The tumor cells, although much larger, closely resemble the serous acinar cells of the normal 
parotid. The cells are cuboidal or polyhedral and are arranged in cords or acini separated by 
scanty stroma (Spiro et al, 1978). They have abundant, clear or basophilic, finely granular 
cytoplasm and uniform, small eccentric nuclei with fine chromatin pattern, and tiny nucleoli (Fig. 

32-1 9A). Some tumors are characterized by abundant lymphocytic stroma. Several histologic 
variants have been described, among them cystic, follicular, and papillary types. None of these 
patterns appears to be of prognostic value. 
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Cytology 

Aspirate smears from the classic form of acinic cell carcinoma are usually rich in cells. The cells 
are frequently arranged in irregular clusters forming linear, acinar, and glandular structures, 
accompanied by a visible network of capillaries. The individual tumor cells are much larger 
than their normal counterpart in serous acini and they display marked variation in size and 
shape (Palma et al, 1985). They have pale or moderately granular cytoplasm and eccentric, 
small nuclei, sometimes with visible nucleoli (Fig. 32-1 9B,C) (Nagel et al, 1997). Abundant 
“naked” tumor cell nuclei and bluish cytoplasmic granules of destroyed tumor cells are present 
in the background (Fig. 32-19D) (Koss et al, 1992; Klijanienko and Vielh, 1997). Lymphocytes 
may be present. 

Smears from the uncommon poorly differentiated acinic cell carcinomas yield classic 
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cancer cells that have large, dark nuclei and prominent nucleoli but lack the cytoplasmic 
granules of differentiated acinar cells. It is easy to recognize the malignant nature of the tumor 
cells, but it may be difficult to predict its histologic type. Layfield and Glasgow (1993) also 
pointed out that a component of “clear cells” may be observed in this or other lesions of 
salivary glands, such as clear cell oncocytoma, and in metastatic renal carcinoma. Psammoma 
bodies have occasionally been found in acinic cell carcinoma (Bottles and Lowhagen, 1985). In 
our experience, however, none of these uncommon happenings obscure the cytologic pattern 
of a classical acinic cell carcinoma. 

Aspirates from the papillary cystic variant of acinic cell carcinoma may contain abundant 
necrotic material in combination with well-preserved tumor cells forming papillary clusters (Koss 
et al, 1992). The principal features of acinic cell carcinoma and its differential diagnosis are 
summarized in Table 32-8. 

Malignant Tumors Ex-Pleomorphic Adenoma 

Cancer can occasionally arise in a pleomorphic adenoma. These tumors usually occur in the 
salivary glands of elderly patients who often give a history of a palpable nodule of many 
years' duration and recent rapid growth (Gerughty et al, 1969). Similar tumors may occur in 
lacrimal glands (see Chap. 41). The diagnosis of this relatively uncommon tumor is based on 
the synchronous presence of elements of a pleomorphic adenoma and a malignant 
tumor that is usually a carcinoma, but sometimes a chondrosarcoma (Koss et al, 1992), 
or rhabdomyosarcoma (Gandour-Edwards et al, 1994). Carcinomas may be of various types 
and varying degrees of differentiation (LiVolsi and Perzin, 1977). Ellis and Auclair (1996) listed 
hypercellularity, capsule violation, hyalinization, necrosis, and cellular anaplasia as necessary 
histologic features for the diagnosis. Gerughty et al (1996) observed psammoma bodies in 9 
of 25 cases. The prognosis is poor. 



TABLE 32-8 PRINCIPAL CYTOLOGICAL FEATURES IN ACINIC CELL CARCINOMA 

Abundant sheets and clusters of basophilic cells of variable sizes with bland nuclei 

Granular or clear cytoplasm, and eccentric nuclei 

Numerous stripped spherical and relatively bland nuclei with small nucleoli 

Differential Diagnosis 

Normal salivary gland tissue 

Low-grade mucoepidermoid carcinoma 



Cytology 

As in histologic material, the precise cytologic diagnosis requires the identification of 
components of the pleomorphic adenoma and of the malignant tumor derived therefrom. This 
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happens rarely but such cases have been reported (Geisinger et al, 1985; Koss et al, 1992). In 
some cases, the cytologic pattern of pleomorphic adenoma may obscure the presence 
of a malignant tumor (Jacobs, 1993). More often, however, the pattern of a malignant 
tumor will obscure the presence of a pleomorphic adenoma (Eneroth and Zajicek, 1966; 

Zajicek and Eneroth, 1970; Pitman, 1995; Viguer et al, 1997; Heintz et al, 1998). An example of 
the latter is shown in Figure 32-20. 

The problems with the cytologic recognition of this tumor type were illustrated by Klijanenko et 
al (1999b) who published a series of 26 such cases comprising 17 cases of high-grade and 9 
of low-grade carcinomas. The cytologic diagnosis of cancer could be established in only 50% 
of the 26 cases, mostly for high-grade tumors. In 10 cases, the presence of a malignant mixed 
tumor was obscured by the pattern of pleomorphic adenoma. It is of note that similar malignant 
tumors of the lacrimal glands may metastasize to the salivary glands and vice versa 
(Klijanienko et al, 1999). 

Basal Cell Adenocarcinoma 

Basal cell adenocarcinoma accounts for approximately 3% of malignant salivary gland tumors. It 
is a low-grade malignant tumor more commonly encountered in the parotid. Histologically, it is 
similar to basal cell adenoma but has an infiltrative growth pattern (Fig. 32-21A). 

Cytology 

Smears of basal cell adenocarcinoma are strikingly similar to basal cell adenoma. Nuclear 
atypia is more prominent, but definitive diagnosis by FNAis difficult (Fig. 32-21 B,C). Klijanienko 
et al (1999a) reported on 15 basal cell tumors and were able to recognize four of them as 
malignant because of the presence of three-dimensional cell clusters with some degree of 
nuclear atypia. However, other observers experienced serious difficulties in separating basal 
cell carcinoma, not only from the benign basal cell adenoma, but also from solid adenoid 
cystic carcinoma (Hood et al, 1983; 
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Stanley, 1996). Moroz et al (1996) noted that the DNAploidy measurements are not helpful 
as all these tumors are diploid. To this list of differential diagnoses, we would add the very rare 
small-cell endocrine carcinoma and malignant lymphoma (see below). In the absence of 
features characteristic of other specific tumor types, one might consider this rare entity. 

However, for most tumors of the salivary glands, composed of small cells without special 
morphologic features such as the hyaline cores of adenoid cystic carcinoma, it is best not to try 
to establish a definitive cytologic classification and request a histologic examination of the 
tumor. 
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Figure 32-20 Carcinoma ex pleomorphic adenoma (malignant mixed tumor). A 

Aspiration smear showing a cluster of cancer cells. The nature of the tumor could not be 
determined in the smear. B. Carcinoma originating in pleomorphic adenoma; the latter is 
not shown. 




c 



Figure 32-21 Basal cell adenocarcinoma. A. The histologic appearance closely 
resembles that of basal cell adenoma, from which it is distinguished by invasion into 
adjacent tissues. Note the peripheral palisade arrangement of basal cells. B,C. The thin- 
needle aspirate shows cohesive groups of small basaloid cells and is indistinguishable 
from that of basal cell adenoma. Compare with Figure 32-14. 



Polymorphous Low-Grade Adenocarcinoma (PLGA) 

This uncommon tumor occurs almost exclusively in minor salivary glands, particularly in the 
palate and elsewhere in the oral cavity (Ritland et al, 1993; Castle et al, 1999). It is more 
common in women and in African Americans above 
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50 years of age. The patients present with a circumscribed asymptomatic tumor nodule 
that is usually encapsulated but may have an infiltrative border. 

Histology 

In histologic sections, the tumor is composed of medium-sized eosinophilic cells with 
cuboidal, columnar, or spindle cell shape and monotonous nuclei with fine chromatin 
(Perez-Ordonez et al, 1998). The tumor displays a variety of growth patterns, hence the name. 
Combinations of cribriform, solid, or tubular growth patterns, and transition from one type 
to another, are seen within the same tumor (Fig. 32-22A.B). The stroma varies from mucoid to 
hyaline. Tyrosine-rich crystalloids have been reported (Raubenheimer et al, 1990). Perineural 
invasion and infiltration into adjacent bone are frequent. Metastases to distant organs, although 
infrequent, have been observed. 
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Cytology 

Aspirates usually yield cellular smears. The cells are cuboidal to columnar with uniform, 
round, or oval nuclei and scant cytoplasm. They are arranged in clusters or sheets of cells, 
or in papillae that may have a central core of hyaline, thus mimicking adenoid cystic 
carcinoma (Klijanienko and Vielh, 1998; Gibbons et al, 1999). Acellular material, in the form of 
magenta-colored globules (in a hematologic stain) and mucoid substance, are common in the 
background. There is little pleomorphism, no necrosis, and mitoses are absent or rare (Fig. 32- 
22C,D) (Evans, 1984; Klijanienko and Vielh, 1998). 




Figure 32-22 Polymorphous low-grade adenocarcinoma (PLGA). A,B. The tumor is a 
circumscribed ductal adenocarcinoma infiltrating underlying tissues beneath the oral 
squamous epithelium. Perineural invasion is common. C : D. MGG stain of a thin-needle 
aspirate shows loosely arranged polyhedral tumor cells with oval nuclei in pseudopapillary 
formation. Many of the tumor cell nuclei at the periphery are stripped of their cytoplasm. 
Note the hyaline, magenta globules that resemble those of adenoid cystic carcinoma. ( C,D : 
Courtesy of Dr. Jerzy Klijanienko, Curie Institute, Paris, France.) 



The differential diagnosis includes adenoid cystic carcinoma, epithelial myoepithelial 
carcinoma, papillary cystadenocarcinoma, and benign pleomorphic adenoma. It may be 
impossible in some cases to distinguish polymorphous low-grade adenocarcinoma from adenoid 
cystic carcinoma on smears alone; however, contrary to adenoid cystic carcinoma, the 
polymorphous low-grade adenocarcinoma is extremely rare in major salivary glands. Penner et 
al (2002) recently reported that c-kit is expressed in all adenoid cystic carcinomas but only 
in about half of the polymorphous low-grade adenocarcinomas. Whether this, or other 
differences in antigenic expression, will prove of value in cytologic samples remains to be seen. 

The presence of chondromyxoid stroma with spindle and plasmacytoid cells supports the 
diagnosis of a pleomorphic adenoma (Watanabe et al, 1999). The principal features of 
polymorphous low-grade 
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adenocarcinoma and its differential diagnosis are summarized in Table 32-9. 
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TABLE 32-9 PRINCIPAL CYTOLOGICAL FEATURES IN POLYMORPHOUS LOW- 

GRADE ADENOCARCINOMA 

Aspirate from tumors in palate or oral cavity 

Cellular smears arranged in flat sheets or papillae, often with hyaline inclusions 
Cells are cuboidal or columnar with bland nuclei. 

There is no necrosis and mitoses are absent. 

Differential Diagnosis 
Adenoid cystic carcinoma 
Pleomorphic adenoma 
Papillary cystadenocarcinoma 



Epithelial-Myoepithelial Carcinoma 

This is a rare carcinoma, predominantly of major salivary glands, usually occurring in the 
parotid. The patients are commonly older women, frequently in their 60s, who present with a 
painless firm mass. The tumor is usually well circumscribed and solitary; it is composed of 
well-defined tubules with double cell lining. The inner epithelial cell layer is basaloid or 
cuboidal and the outer layer is composed of ovoid myoepithelial cells with abundant clear 
cytoplasm (Brocheriou et al, 1991). Awell-developed basement membrane surrounds most of 
the tubules (Fig. 32-23A.B) (Klijanienko and Vielh, 1998c). 

Cytology 

Aspirates of this tumor are moderately cellular. The smears are composed of two types of 
cells: the larger, uniform cuboidal epithelial cells, often arranged in gland-like clusters (see Fig. 
32-22C) and smaller, spindly myoepithelial cells, usually seen as “bipolar” spindly nuclei (see 
Fig. 32-22D). The nuclei of the epithelial cells are bland and spherical, with only slight 
variability in sizes. Hyaline basal material is noted among epithelial groups (Carrillo et al, 

1990; Arora et al, 1990; Koss et al, 1992). 

The differential diagnosis includes adenoid cystic carcinoma, polymorphous low-grade 
adenocarcinoma, and pleomorphic adenoma. The presence of two types of cells supports the 
diagnosis of epithelial-myoepithelial carcinoma, rather than pleomorphic adenoma (Stewart et 
al, 1997). The principal features of epithelial-myoepithelial carcinoma and its differential 
diagnosis are summarized in Table 32-10. 

Myoepithelial Carcinoma 
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These tumors are more common in the breast (see Chap. 29) and are exceedingly uncommon 
in the salivary glands, nearly always occurring in the parotid. The tumors, composed of spindly 
or polygonal cancer cells forming nodules, resemble pleomorphic adenoma because of 
stroma of mucoid or hyaline matrix (Savera et al, 2000). Therefore, such tumors are 
sometimes mistaken for malignant or benign mixed tumors. Another important aspect of 
some of these tumors is the quasi benign appearance of the tumor cells, in spite of the 
tendency of the tumor to recur and metastasize. The myoepithelial origin of the tumor has been 
documented by electron microscopy and immunochemistry. 



TABLE 32-10 PRINCIPAL CYTOLOGICAL FEATURES IN EPITHELIAL-MYOEPITHELIAL 

CARCINOMA 

Aspirates from major salivary glands 

Two families of cells: the larger epithelial cells arranged in tubular or acinar clusters 
and the smaller myoepithelial cells seen mainly as “bipolar” spindly nuclei 

Minimal nuclear atypia 

Differential Diagnosis 

Adenocystic carcinoma 

Pleomorphic adenoma 

Polymorphous low-grade adenocarcinoma 



Cytology 

To our knowledge, there are only two reports on cytology of the myoepithelial carcinoma 
(DiPalma et al, 1996; Chhieng and Paulino, 2002). Not surprisingly, some of the five tumors 
reported by DiPalma et al were thought to represent recurrent pleomorphic adenomas. Only two 
of the five tumors were cytologically malignant, in keeping with the histologic division into low- 
grade and high-grade tumors (Savera et al, 2000). 

In FNAsmears, the major finding was the variations in cell shape. Round, oval, polygonal and 
plasma cell-like cells were observed. Nuclear cytoplasmic inclusions and nuclear grooves were 
in evidence. Chhieng and Paulino (2002) reported three bona fide cases, two of which were 
diagnosed as malignant spindle-cell neoplasm and one as pleomorphic adenoma. It is obvious 
that the precise recognition of this tumor in salivary glands is fraught with difficulties that may 
require ample tissue samples for accurate classification. 



Salivary Gland Duct Carcinoma 

Duct carcinomas of salivary gland are relatively uncommon highly malignant neoplasms with 
marked male predominance (Brandwein et al, 1990). Patients are usually in their 50s and 
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present with a rapidly growing mass of recent onset. The mass may be painful and is commonly 
fluctuant because of necrosis. The parotid is the most common site. A 
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case of intraductal carcinoma of oral cavity in a woman was described by Cheuk et al (2004). 




Figure 32-23 Epithelial myoepithelial carcinoma. A Histology shows an encapsulated 
tumor with well-defined tubule formation, obvious even at low magnification. B. At higher 
magnification, the tubules are composed of basaloid epithelial cells surrounded by spindly 
myoepithelial cells. C,D. The needle aspirate is cellular, with basaloid epithelial cells 
arranged in cords and forming poorly structured acini. Careful inspection of the dissociated 
cells identifies two cell types: epithelial cells with round nuclei and myoepithelial cells with 
ovoid, “bipolar” nuclei (arrows). 



This tumor resembles ductal carcinoma of the breast. It is multifocal with cribriform, 
comedo, papillary, and intraductal patterns. The infiltrative component displays marked 
desmoplastic reaction with variable hyalinization of stroma. Tumor cells have abundant pale 
pink cytoplasm and large pleomorphic nuclei with coarse chromatin and abundant mitoses. 
Necrosis, perineural invasion, and tumor emboli are frequently seen (Fig. 32-24A). 

Cytology 

Aspirates of salivary gland duct carcinoma are usually moderately cellular. The tumor cells are 
large and anaplastic, and arranged in cohesive clusters, sheets, or papillary fragments. 
Necrosis is a prominent feature (Fig. 32-24B.C) (Klijanienko and Vielh, 1998). Stanley et al 
(1995) pointed out that similar cell patterns may be observed in other high-grade primary 
tumors of salivary glands and in metastatic carcinomas. In keeping with this observation, 
several diagnostic errors were reported by Khurana et al (1997). The principal features of 
salivary duct carcinoma and its differential diagnosis are summarized in Table 32-11. 

Squamous Carcinoma 

Squamous cell carcinomas account for about 4% of the tumors of major salivary glands. As with 
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mucoepidermoid carcinomas, the pathogenesis is based on the potential of benign or malignant 
ductal epithelium to undergo squamous metaplasia. Whether pure squamous carcinomas 
actually are a unique entity or represent squamous differentiation 

P.1254 

of mucoepidermoid carcinoma can be debated, but it is immaterial for all practical purposes. 



TABLE 32-11 PRINCIPAL CYTOLOGICAL FEATURES OF SALIVARY DUCT 

CARCINOMA 

Moderate to markedly anaplastic cancer cells in a major salivary gland in an elderly 
patient (particularly men) 

Necrosis in background 

Differential Diagnosis 

Metastatic carcinoma 

High-grade mucoepidermoid carcinoma or other high-grade salivary gland cancers 




Figure 32-24 Salivary duct carcinoma. A Histologic appearance closely resembles 
comedocarcinoma of breast. B. The needle aspirate is cellular, and composed of 
noncohesive pleomorphic tumor cells. C. At higher magnification, there is great variation in 
cellular and nuclear size; tumor cells have a moderate amount of cytoplasm, resembling a 
needle aspirate of duct carcinoma of breast. ( B,C : MGG stain.) (Case courtesy of Dr. Jerzy 
Klijanienko, Curie Institute, Paris, France.) 
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Cytology 

The diagnosis can be established if an adequate aspirate of salivary gland tumor contains only 
cells of squamous carcinoma without admixture of either mucus or glandular epithelium. The 
cytology of these tumors is described in detail in several chapters, mainly 11 and 20. 

Metastatic squamous carcinoma from another site must be excluded and this cannot be 
determined from the study of the aspirate (Klijanienko and Vielh, 1998). Thus, in reporting the 
presence of squamous carcinoma in a salivary gland aspirate, it must be made clear that 
clinical information is needed to exclude a metastasis or origin in a high-grade mucoepidermoid 
carcinoma. 

Undifferentiated Carcinoma 

If the FNA smears of a salivary gland tumor contain cancer cells without evidence of 
differentiation, one may suggest the diagnosis of an undifferentiated malignant tumor, 
recognizing that in most cases a formal biopsy or histologic examination of the resected tumor 
may allow a more specific classification. If the cytologic pattern is that of a highly anaplastic 
malignant tumor, the possibility of a metastatic malignant melanoma or anaplastic 
carcinoma should be considered. 

Mucinous (Colloid) Adenocarcinoma 

Mucinous adenocarcinoma of salivary glands is a very uncommon lesion. It resembles colloid 
carcinomas of the breast and colon, described in Chapters 24 and 29. The tumor is 
composed of papillary aggregates of well-differentiated tumor cells floating in lakes of 
mucus (Osaki et al, 1990). 

To our knowledge, there is but one report on cytology of this tumor by Tambouret et al (1999). 

The findings were very similar to those described in the much more common colloid carcinoma 
of the breast (see Chap. 29). 

Papillary Carcinomas 

These uncommon tumors occur mainly in the minor salivary glands and may be subclassified 
as low-grade papillary adenocarcinomas and papillary cystadenocarcinomas (Spiro et al, 

1973). The difference between these two tumor types is negligible. 

Cytology 

In our experience, the cytologic pattern of these tumors resembles other similar tumors in other 
organs, such as the ovary or the breast. Epithelial cells with varying degrees of nuclear 
abnormality form oval or spherical multilayered papillary clusters. An assortment of 
cancer cells, occurring singly or in small clusters, is observed in the background, which usually 
also shows some evidence of necrosis and sometimes the presence of macrophages. 

Similar findings were reported by Pisharodi (1997) and by Klijanienko and Viehl (1998). 
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The latter authors also pointed out that the smears from a polymorphous low-grade 
adenocarcinoma may have a similar cytologic presentation, but also contain stromal fragments 
and hyaline deposits, thus resembling pleomorphic adenomas and adenoid cystic carcinomas. 

Lymphoepitheiiai Carcinoma 

These tumors of salivary glands occur mainly in Chinese and Inuit (Eskimo) patients and are 



2187/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 32 - Salivary Glands 

similar to nasopharyngeal carcinomas of the same type (Safneck et al, 1997). The tumors are 
composed of sheets and strands of malignant epithelial cells surrounded by a 
lymphocyte-rich stroma (see Chap. 21). 

There are a few reports of the cytologic presentation of these tumors in FNA smears of salivary 
glands. 

Thompson et al (1994) reported a case of this tumor occurring in a 42-year-old Caucasian 
woman. The smear pattern, both in the primary tumor and in the lymph node metastases, was 
identical to that of nasopharyngeal tumor and consisted of sheets of large epithelial cancer 
cells surrounded by aggregates of lymphocytes. Safneck et al (1997) described similar 
findings in five primary and two metastatic tumors. We have not seen a case of our own. 

This cytologic presentation, particularly in Chinese or Inuit patients, is suggestive of the 
lymphoepithelial carcinoma of salivary glands, provided that the much more common 
metastatic nasopharyngeal carcinoma has been ruled out. 




Figure 32-25 Primary neuroendocrine tumor of parotid. A,B. High magnification of 
thin-needle aspirate shows loosely clustered uniform small cells with scanty, fragile 
cytoplasm and round nuclei with finely granular chromatin and inconspicuous nucleoli. The 
cells bear superficial resemblance to small lymphocytes, but are somewhat larger and form 
more cohesive groups. They differ from larger reactive lymphocytes, which have more 
open nuclei and usually more readily visible nucleoli. C. The tumor consisted of two 
malignant components: a carcinoma-like area, shown here, and areas consisting of small 
cells that gave a positive reaction with endocrine markers. 



Oat Cell and Other Endocrine Carcinomas 

Small-cell (oat cell) carcinoma of minor salivary gland was first described by Koss et al in 1972. 
Several examples of this rare tumor have since been reported, both in minor and major salivary 
glands, and their endocrine features have been confirmed by the presence of dense core 
endocrine granules in the cytoplasm. 
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Information on the aspiration biopsy of these uncommon tumors is scarce. Mair et al (1989) and 
Cameron et al (1990) each reported one such case with cytologic findings akin to those of an 
oat cell carcinoma of the lung. 

We observed an unusual endocrine carcinoma of the parotid in which there were two 
morphologic components: a small-cell component, as in oat cell carcinoma, and a 
population of large polyhedral epithelial cells with clear cytoplasm arranged in nests 

(Fig. 32-25C). The epithelial cells gave a strongly positive reaction with chromogranin, 
confirming the endocrine nature of the tumor. An aspiration biopsy smear disclosed only 
small cancer cells with very scanty cytoplasm and spherical to oval nuclei (Fig. 32-25A,B). 

Nucleoli were not visible. The cells formed compact clusters or were dispersed. The large clear 
cells were not seen in the aspirate, presumably because of differences in cohesion of the two 
tumor cell components. 

Lymphoid Lesions 

Lesions of lymphocytes affecting the salivary glands may be benign or malignant. It is not 
always clear whether the 
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cells of origin reside in the organized lymphoid tissue, such as intraparotid lymph nodes, or from 
more diffuse lymphocytic infiltration. 

Some of the benign lesions associated with lymphocytic proliferations were discussed in 
the first part of this chapter. Of special interest here are benign lymphoepithelial cysts 
occurring mainly in HIV-infected drug users. Benign lymphoepithelial lesions may also occur 
in patients with Sjogren's syndrome. The patients with the latter lesions have a significantly 
increased risk for the development of malignant lymphoma (Harris, 1999), some of which 
have an indolent course over a period of many years. 

Castleman's disease of the parotid was reported by Panayiotides et al (1998). 

Malignant Lymphoma 

Malignant lymphomas account for 2% to 5% of all salivary gland tumors (Glesson et al, 1986). 

The parotid is most frequently involved (70%), followed by the submandibular gland (25%). The 
average age for patients with lymphoma is 65 years. Approximately 10% to 20% have symptoms 
associated with Sjogren's syndrome (i.e., lymphoepithelial sialoadenitis) (Harris, 1999). 

The following three types of lymphoma are the most common in the salivary gland: 

■ Marginal Zone B-cell lymphoma (MALT lymphoma), which typically arises in patients 
with lymphoepithelial sialoadenitis 

■ Follicular lymphoma 

■ Diffuse large B-cell lymphoma, an aggressive form of lymphoma that diffusely involves the 
parenchyma of salivary gland tissue 

Combined cytology and immunophenotyping by flow cytometry may prove adequate for 
preliminary diagnosis, but biopsy is generally needed for confirmation (Cha et al, 1997). 

Cytologic presentation of these tumors is discussed in greater detail in Chapter 31 . Of note is 
the presence of crystal-storing macrophages in a case of MALT lymphoma of parotid 
reported by Llobet et al (1997). This feature appears to be unique to salivary gland lymphoma. 
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Occasional reports of exceptionally rare tumors of the salivary glands, some with aspiration 
cytology, have been published. 

Thus, benign and malignant tumors of striated muscle may affect salivary glands. A case 
of rhabdomyoma of the palate, described by Vuong et al (1990), was recognized by the 
presence of mature muscle cells with cytoplasmic cross-striations. 

Cases of alveolar rhabdomyosarcoma of the parotid were reported by De et al (2001) and 
Valencerina-Gopez et al (2001). In the latter case, the tumor was not recognized as such on 
FNA smears. 

Embryonal rhabdomyosarcoma of salivary glands is usually observed in children (Rogers et 
al, 1994; Kapadia et al, 1996). The cytology of three cases of primary embryonal 
rhabdomyosarcoma of the parotid in children aged 3 to 7 were reported by Salamao et al 
(1998). These authors reported the presence of different populations of malignant cells in each 
case, ranging from small, round cell tumor to spindly tumor cells. 

We observed a child with embryonal rhabdomyosarcoma of the inner ear, masquerading 
as a salivary gland tumor. The cytology of a recurrent tumor disclosed small cancer cells 
without specific features. 

In a group of seven pediatric and adolescent patients, Mathew and Ali (1997), observed an 
extraordinary assortment of benign and malignant lesions ranging from lymphoepithelial cyst, a 
pilomatrixoma, to several carcinomas and one case each of rhabdomyosarcoma and Ewing's 
tumor. 

A true carcinosarcoma of the parotid, composed of squamous carcinoma and malignant 
fibrous histiocytoma, was reported by Latkovich and Johnson (1998). 

Tumors of nerve (schwannomas), connective tissue (fibromas and fibrosarcomas) or 
synovia (synoviomas) may be observed, either within the salivary glands or their immediate 
vicinity. Acase of nodular fasciitis involving the parotid was reported by Abendroth and 
Frauenhoffer (1995). These tumors are described in Chapter 35. 

Metastatic Tumors 

Malignant tumors arising outside the salivary glands can involve them by direct extension or by 
metastasis via lymphatic or hematogenous routes. Metastatic tumors to the salivary glands 
accounted for 10% of all malignant salivary gland tumors at the Armed Forces Institute of 
Pathology (Ellis and Auclair, 1996). The parotid gland, because of its intimate relationship with 
the lymphatic system, is the most common salivary gland site of metastases. The 
submandibular and sublingual glands are seldom involved except by direct extension from 
carcinoma of the floor of the mouth. 

Squamous carcinomas and melanomas of the head and neck are the most common 
malignant tumors to metastasize to the parotid (Lussier et al, 2000). Carcinomas of lung, 
breast, and kidney reach the parotid by hematogenous routes. Metastatic neoplasms to the 
parotid have a very poor prognosis with an overall 5-year survival rate estimated at 12.5% 
(Stanley et al, 1995). 

In patients who have a parotid tumor mass and known past or present history of malignant 
tumor at another site, the possibility of metastasis must always be considered. We have 
encountered several such cases, including a melanoma (Fig. 32-26AB) and a renal cell 
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carcinoma (Fig. 32-27A.B). We have also observed a case of large B-cell type lymphoma 
invading the parotid gland (Fig. 32-28A.B). Awareness of clinical history, review of previous 
pathological material, as well as the possible use of immunohistochemical staining, are most 
helpful in confirming or excluding metastatic tumor (Zhang, et al, 2000). However, except for 
carcinomas invading from an adjacent site, a tumor mass in either major or minor salivary gland 
is still most likely to be a primary tumor. 

R1257 




Figure 32-26 Metastatic melanoma to intraparotid lymph node. A Whole mount of the 
lymph node, partially replaced by the pigmented tumor. B. Needle aspirate of the same 
tumor at high magnification showing dissociated malignant cells with relatively large nuclei 
and nucleoli. Intracytoplasmic pigment is seen in some of the tumor cells. 






B 



Figure 32-27 Metastatic renal cell carcinoma in parotid. A Histologic section showing 
metastatic low-grade clear cell renal carcinoma within the parotid, probably replacing an 
intraparotid lymph node. B. Aspirate of the same tumor showing a flat sheet of tumor cells 
with moderately abundant clear cytoplasm and large nuclei with finely textured chromatin 
and visible nucleoli. 
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Figure 32-28 Malignant lymphoma involving parotid gland in an 80-year-old man. A. 
High magnification showing large, clearly malignant cells of lymphocytic lineage. B. 
Corresponding biopsy. 



P.1258 



TABLE 32-12 RECENT REPORTED RESULTS OF SALIVARY GLAND TUMOR 
DIAGNOSIS BY FINE NEEDLE ASPIRATION 



Author, Year 


Number of Cases 


Sensitivity 


Specificity 


Accuracy 


Filopoulos et al, 1998 


121 


95% 


98% 


97% 


Boccato et al, 1998 


554 


98% 


98% 


97% 


Klijienko et al, 1999 


1253 


94% 


94% 


97% 


Cajulis et al, 1997 




91% 


96% 




Viguer, 1997 


212 


86% 


99% 





TABLE 32-13 AN OVERVIEW OF DIFFERENTIAL DIAGNOSES ACCORDING TO THE 
DOMINANT FEATURE IN CYTOLOGIC PRESENTATION 

Stromal fragments 

Pleomorphic adenoma 

Adenoid cystic carcinoma 

Basal cell adenoma/Basal cell adenocarcinoma 
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Cyst fluid 

Warthin's tumor 

Low-grade mucoepidermoid carcinoma 

Acinic cell tumor 

Metastatic squamous carcinoma 

Lymphoid component 

Lymphoepithelial lesion 

Intraparotid lymph node 

Chronic sialoadenitis 

Warthin's tumor 

Lymphoma 

Acinic cell tumor 

Squamous cells 

Mucoepidermoid carcinoma 

Squamous cell carcinoma 

Sialometaplasia 

Warthin's tumor 

Oncocytic cells 

Warthin's tumor 

Oncocytoma 

Mixed tumor 

Basaloid epithelial cells 
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Basal cell adenoma 
Basal cell adenocarcinoma 
Adenoid cystic carcinoma 
Polymorphous low-grade adenocarcinoma 



ACCURACY OF CYTOLOGIC DIAGNOSIS OF SALIVARY GLAND LESIONS 

The accuracy of salivary gland FNAin the diagnosis of malignant tumor is generally 
comparable to that of frozen section (Chan et al, 1992). Sensitivity ranges from 62% to 98%, 
specificity ranges from 85% to 100%, and overall accuracy ranges from 87% to 97%. Caution 
should be used in comparing earlier with more recent data because the earlier studies used 
Foote and Frazell's (1954) classification, whereas the more recent studies use the 1991 
classification of the World Health Organization (Seifert and Sobin, 1992). The two 
classifications are not identical. Sensitivity, specificity, and accuracy of recently reported studies 
of salivary gland tumor diagnosis by fine-needle aspiration are summarized in Table 32-12. 

Table 32-13 is intended to provide the cytopathologist with a quick reference to the most likely 
differential diagnosis based on the most prominent cytologic features of the aspirate. 
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33 

The Prostate and the Testis 

THE PROSTATE 

The purpose of cytologic or histologic sampling of the prostate is the diagnosis of prostatic 
carcinoma. In the past, the presumptive clinical diagnosis of prostatic cancer was based on 
finding palpable nodules on rectal examination. In 1930, Ferguson, working at the Memorial 
Hospital for Cancer in New York where the aspiration of various organs was extensively used, 
reported that cytologic examination of such nodules was diagnostically helpful and accurate. 

Within the recent years, rectal examination is supplemented by testing for serum level of 
prostate specific antigen (PSA) which has become the principal means of detection of 
occult, localized carcinoma of the prostate (Catalona et al, 1991; Stenman et al, 1999; 

Brawer, 2000). Elevation of PSA beyond the levels established for various age groups (4 to 6 
pg/liter), is an indication for a transrectal ultrasound examination of the prostate that may 
reveal foci of abnormalities not recognizable by palpation (Cooner et al, 1990). The finding of 
such abnormal areas in the prostate is usually followed by either core or fine (thin) needle 
aspiration (FNA) biopsies to confirm the presence of prostatic carcinoma prior to treatment. 

It should be stressed that elevation of the levels of PSA also depends on the volume of the 
prostate: it may be increased in benign prostatic hypertrophy and prostatitis, and may be 
transient (Lieber et al, 2001). For this reason, refinement of the PSA testing has been proposed 
within recent years. Thus, the ratio of free to protein bound PSA (specifically to al- 
antichymotrypsin and sometimes other enzymes) is lower in prostatic carcinoma than in benign 
disease (Stenman et al, 1999). Prostatic carcinoma may also be associated with increased PSA 
density and velocity measured on multiple tests over a 3 year period (Polascik et al, 1999; 

Kamoi and Babaian, 1999; Nash and Melezinek, 2000). On the other hand, a small 
percentage of patients with prostatic carcinoma have normal PSA levels (Stamey and 
Kabalin, 1989). 

The current aggressive approach to the treatment of 

P.1263 

prostatic carcinoma by radical surgery or radiotherapy, often combined with chemotherapy, 
affecting ever younger men, disregards the fact that prostatic carcinoma is one of the most 
common forms of occult cancer found at autopsy of elderly men, reaching 80% in men 
aged 80 or above (Peterson, 1992). Thus, it is likely that at least some of the treated 
carcinomas would not be lethal to the patients within their natural life span. In fact, several long- 
term follow-up studies of patients with untreated, low-grade prostatic carcinoma have shown 
that they have a minimal risk of dying of the disease (Johansson et al, 1992, 1997; Abertsen, 

1998). 

Athough there are some fairly reliable prognostic factors, discussed below, to assess the 
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behavior of prostatic carcinomas, they are rarely applied to treatment decisions in individual 
patients, many of whom believe that all prostate cancers are a rapidly progressing deadly 
disease. Equally disturbing is the absence of randomized trials, documenting that PSA 
testing does reduce mortality from prostatic carcinoma (Barry, 2001). 

Be it as it may, extensive testing for PSA has raised the status of prostatic carcinoma from a 
relatively unimportant disease several years ago to the forefront of health care of men with 
198,000 new cancers and 31 ,000 deaths from this disease projected by the American Cancer 
Society for the year 2001 (Greenlee et al, 2001). Men of African origin appear to be at a high 
risk for this disease which is relatively uncommon among the Japanese. Prostatic carcinoma 
can occur in families, but its causes and risk factors are generally unknown. 

SAMPLING METHODS 

Voided Urine 

Cells of prostatic cancer may occasionally be observed in voided urine, as described in Chapter 
23. The finding is usually incidental and reflects advanced disease. 

Prostatic Massage 

Prostatic massage is commonly used by urologists to obtain samples of prostatic secretions for 
rapid microscopic analysis, mainly for identification of leukocytes in cases of prostatitis. This 
method had been used to secure samples for diagnosis of prostatic carcinoma in patients 
with palpable prostatic abnormalities with a measure of success (Frank et al, 1954; Frank, 
1955; Bamforth, 1958; Clarke and Bamford, 1960). However, the method is not suitable for 
detection of occult prostatic carcinoma, as was shown in a large study of over 2,000 
asymptomatic patients aged 50 or older (Riaboff, 1954; Richardson et al, 1954). 

Transrectal Aspiration Biopsy 

The development of a special instrument for prostatic aspiration (Franzen et al, 1960) led to an 
effective method of cytologic sampling of the prostate by transrectal fine (thin) needle 
aspiration biopsy (FNA) (Fig. 33-1). The scope, significance, and clinical value of the 
aspiration biopsy of the prostate has undergone significant changes since the late Dr. Josef 
Zajicek eloquently and enthusiastically described it in the previous editions of this book. The 
changes were caused by new developments in ultrasonographic techniques that are 
capable of identifying small space-occupying lesions of the prostate that can be 
sampled by core biopsy instruments that many clinicians find easier to use than the 
cumbersome aspiration apparatus. Further, pathologists with limited experience in diagnostic 
cytology find the core biopsies easier to interpret than aspiration cytology. Core biopsies offer 
the additional advantage of a more precise localization of the lesions within the target organ. 
Still, the FNA of the prostate offers several advantages: 
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Figure 33-1 Apparatus for transcutaneous and transrectal aspiration biopsy: needles 
of various sizes (top), aspiration syringe with a special handle (center), needle and needle- 
guide for transrectal aspiration biopsy (bottom), shown at about 50% of original size. 
Although contemporary syringes and syringe holders are somewhat different, this 
photograph adequately reflects the basic armamentarium necessary for aspiration biopsy. 



■ It is an office procedure. 

■ It is well tolerated by the patients because the discomfort and trauma from the 22- 
gauge needle are minimal. 

■ Sampling area is larger than that of core biopsies. 

■ Smears can be processed and interpreted rapidly. 

■ It is accurate in experienced hands. 

■ It is cost effective. 

■ Complications are very rare and easily preventable. 

Disadvantages 

The main disadvantage of the aspiration is that it is limited to palpable lesions. Another 
disadvantage is the complexity of the instrument requiring considerable training, 
experience and clinical skills to perform the 

P.1264 

aspiration quickly and effectively (Ljung et al, 2001). In the Montefiore Hospital experience, 
with 1 ,683 patients sampled by a group of practicing urologists or urology residents without 
specific training in the technique of aspiration, 37% of the samples were inadequate (Koss 
et al, 1984; Suhrland et al, 1988). Most American urologists have now abandoned the 
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aspiration procedure in favor of the core tissue biopsy (see below). Still, the aspiration biopsy 
of the prostate is a useful and accurate diagnostic procedure, if the expensive ultrasound or 
core biopsy instruments are not available. 

An additional application of cytologic aspiration techniques to prostatic carcinoma was 
described by Van Poppel et al (1994). These investigators used computerized tomography- 
guided transcutaneous aspirations of pelvic lymph nodes to identify metastatic 
carcinoma with high sensitivity and specificity. 

Aspiration Procedure using Franzen's Instrument 

As shown in Figure 33-1, the aspiration of the prostate calls for a specially constructed 22- 
gauge, 20-cm in length flexible needle, which is slightly thicker and rigid in the proximal 5 cm. 

The transition from the thicker to the thinner part of the needle serves as a marker (see below). 

A needle guide, consisting of a fine metal tube curved to fit the palpating finger, is required (see 
Fig. 33-1 , bottom). The length of the guide equals that of the thinner part of the needle. To 
facilitate introduction of the needle into the guide, the latter is enlarged at its proximal end like a 
funnel. At the distal end of the guide, there is a steering ring for the palpating finger. This may 
be adjusted to fit the operator's finger. An adjustable plate, midway along the guide, serves to 
support the instrument by resting on the palm of the gloved nondominant (usually left) hand of 
the operator. The index finger of the gloved hand is passed through the steering ring, leaving 
the fingertip free. To fix the guide more firmly on the palpating finger and to avoid contamination, 
a finger-cot is thereafter pulled over the index finger. The support plate is adjusted to rest on 
the palm of the hand and kept in place by pressure of the remaining fingers flexed against the 
palm. The needle is introduced through the funnel into the guide until the thicker part of the 
needle approaches the funnel. At that moment, the needle point is nearing the end of the guide 
immediately below the finger-cot (Fig. 33-2). 

The aspiration is performed with the patient in lithotomy position. No anesthesia is required, 
except in patients with inflamed hemorrhoids or anal fistula who receive an anesthetic jelly. 

Careful digital examination of the lesion to assess its size and consistency is first made. The left 
index finger, with the instrument arranged as shown in Figure 33-3, is then inserted into the 
rectum. The finger must be well lubricated and must be inserted slowly and carefully, as this 
may be the most uncomfortable moment for the patient, particularly if there is an anal spasm. 

The suspected area of the prostate is now palpated with the index finger of the nondominant 
hand, after which the needle is advanced into the lesion with the plunger of the syringe 
down. When the needle has entered the lesion, several small amplitude to-and-fro 
movements of the needle are performed to loosen the target tissue. Negative pressure is 
obtained by pulling on the syringe plunger in order to aspirate the material onto the needle. 

Before withdrawing the needle from the prostate, the negative pressure must be 
released, a most important step that will ensure that the aspirated material remains in the 
needle and does not enter the barrel of the syringe, where it is irretrievably lost. If several 
areas of the prostate require aspiration, the needle has to be withdrawn and replaced with 
another needle. It is not advisable to attempt to change the direction of the needle, 
while lodged in the target tissue, because of risk of a hemorrhage and injury to the 
prostate. The smears are prepared from needle contents, as described in Chapter 28, and 
processed as either air-dried or alcohol-fixed smears. Most patients tolerate the procedure well. 
Significant discomfort was reported by only a few patients with acute prostatitis and prostatic 
carcinoma. Repeat aspirations were readily accepted by the patients. 
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Although the procedure described above was initially devised by Franzen et al for prostatic 
aspiration, it is also applicable to the sampling of the ovary and the parametria (see Chap. 
15). 




Figure 33-3 Position of the left hand during transrectal aspiration biopsy. Prostate in 
sagittal section showing the needle inserted into the suspected, indurated area. (Franzen 
S, et al. Cytologic diagnosis of prostatic tumors by transrectal aspiration biopsy: A 
preliminary report. Br J Urol 32:193-196, 1960.) 
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Complications 
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In the approximately 17,000 transrectal prostatic aspiration biopsies initially performed at the 
Karolinska Hospital in Stockholm, Sweden between 1956 and 1966, no major complications 
were observed. Minor complications, such as transient hematuria, acute epididymitis, 
hematospermia or transient pyrexia, occurred in 0.4% of patients. 

In the subsequent years, however, when the number of needle biopsies increased sharply, 
there were four cases of severe, gram-negative septicemia, one with a fatal outcome 
(Esposti et al, 1975). It was noted that the febrile reactions were more common in patients 
with prostatitis, reaching 6.3% of patients in some groups. The obvious conclusion was 
that transrectal aspiration biopsy should not be undertaken in patients with current 
prostatitis. It is still a matter of debate whether prophylactic treatment with antibiotics is 
effective in preventing septicemia. Because of the remote possibility of septicemia, every 
patient undergoing a transrectal aspiration biopsy of the prostate should be advised to contact 
his own physician or the nearest hospital should a febrile reaction occur. However, a past 
history of prostatitis does not, in itself, contraindicate an aspiration biopsy because 
10% in this group of patients were found in the Swedish study to have carcinoma. 

Core Biopsies 

Today, most urologists prefer multiple core biopsies performed with a semi-automated 
instrument under ultrasound guidance for diagnosis of prostatic carcinoma. The method 
requires no anesthesia and is usually performed transrectally as an outpatient procedure. 

Tissue biopsies, obtained from six to twelve areas of the prostate are, not only diagnostic, but 
are also predictive of stage and grade of carcinoma (Wills et al, 1998). The accuracy of this 
procedure in the diagnosis of prostatic carcinoma is similar to that of expertly performed 
aspiration biopsies (see below for comparison of results of the two procedures). The 
complications of core biopsies are similar to those observed with the FNA procedure and 
include gram-negative septicemia that may be fatal. 
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Figure 33-4 A. Diagrammatic sagittal section through the bladder, prostate, and seminal 
vesicles. B. Normal prostate, showing the glands and the fibromuscular stroma. Prostatic 
secretions are seen in one gland. C. Seminal vesicle. Complex tubular structures with 
granules of yellow lipochrome pigment in the cytoplasm of the glandular cells lining the 
tubules. Large, hyperchromatic nuclei may be noted in some of the cells. 



ANATOMY AND HISTOLOGY OF THE PROSTATE AND SEMINAL VESICLES 

The prostate is a complex gland encased in a pseudocapsule of fibromuscular tissue (Fig. 33- 
4A). The prostatic glands, or acini, and ducts are lined by cuboidal to columnar 
epithelium with small, spherical nuclei. Nucleoli are absent, or very small, and barely 
visible under the high power of the microscope (Fig. 33-4B). The normal prostatic glands 
are provided with layers of basal epithelial cells that can be demonstrated by immunostaining 
with antibodies to high molecular weight keratins (keratin 903). This layer is usually absent 
in prostatic carcinoma, a feature that is sometimes helpful in differentiating atypical benign 
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prostatic epithelium from well differentiated adenocarcinoma (Hedrick and Epstein, 1989; Shah 
etal, 1991). 

It is a matter for some debate whether the prostatic glands are surrounded by myoepithelial 
cells which are extremely difficult to visualize in histologic sections. However, there is no doubt 
that small, spindly, dark cells, recognized in other organs as myoepithelial cells, can be seen 
in prostatic aspiration smears. 

Within the lumina of the glands, one may frequently observe concretions of prostatic 
secretions (corpora amylacea) that may undergo calcification and thereby form “prostatic 
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calculi” (Fig. 33-4B). 

The sexual apparatus of men also includes two symmetric glandular structures — the seminal 
vesicles, attached to the posterior aspect of the prostate (see Fig. 33-4C). The seminal 
vesicles are in close relationship with the spermatic ducts, with which they share a common 
opening in the prostatic urethra. The seminal vesicles are lined by columnar cells, 
characterized by accumulation of a yellow lipochrome pigment in the cytoplasm. These 
cells are also notable for marked variability in nuclear sizes; in some cells, the nuclei are 
markedly enlarged and hyperchromatic (Arias-Stella and Takano-Moron, 1958). 

Spermatozoa and their precursors are stored within the lumens of the seminal vesicles. 




Figure 33-5 Benign prostatic epithelial cells in aspiration smears. A Aflat cluster of 
acinar cells showing the “honeycomb” arrangement. B. Another cluster of acinar cells 
under high magnification. Note the monotonous, even size of the nuclei, absence of 
nucleoli and honeycomb arrangement. C. Asmall cluster of cuboidal ductal cells. D. 
Prostatic tissue with a fragment of a duct composed of columnar cells with clear cytoplasm. 
The cells are somewhat larger than acinar cells shown in A but otherwise have the same 
features. 



CYTOLOGY OF NORMAL PROSTATE 

Aspiration Biopsy 

The microscopy of prostatic smears should begin at low magnification. In benign conditions, 
there is usually a thin film of blood and fluid with a small number of sheets of epithelial cells. 
If the aspirate has been properly spread on the slide, most of the prostatic cell clusters will be 
found at the end of the slide. An adequate smear will contain at least 10 to 12 clusters of 
epithelial cells. 

Prostatic Epithelial Cells 

Normal prostatic epithelial acinar cells form flat sheets of uniform small cells with clear 
cytoplasm and small, spherical nuclei of even sizes. The cytoplasmic borders are readily 
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seen as thin lines separating the cells from each other (honeycomb effect) (Fig. 33-5A.B). 

These cells are seen only in direct aspirates of the prostate. Comma-shaped, dark nuclei, 
resembling myoepithelial cells, may be sometimes 
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observed at the periphery of such clusters under high power. The ductal cells are somewhat 
larger and are usually of cuboidal or columnar shape (see Fig. 33-4C). In fortuitous cases, 
the ducts appear as a row of columnar cells lining a fragment of prostatic tissue (see Fig. 33- 
4D). These cells may also occur singly, but usually form flat, “honeycomb” - type clusters 
with one flat surface, corresponding to the lumen of the duct. These cells have small, 
spherical nuclei, similar to those of acinar cells, and may contain small chromocenters (see 
Fig. 33-5C). The cytoplasm of these cells is finely granular, or clear, and contains demonstrable 
acid phosphatase and prostate-specific antigen. In May-Grunwald-Giemsa or Diff-Quik-stained 
smears (Diff-Quik, Dade Behring Inc., Deerfield, IL), bluish to purple colored, cytoplasmic 
granules of variable size can be seen in the cytoplasm. Opaque, homogeneous prostatic 
concretions (corpora amylacea), that are sometimes calcified, are not uncommonly seen 
(see Fig. 33-6D). 

Other Cells 

Benign cells, not of prostatic origin, that may be observed in the urinary sediment and in 
prostatic aspirates and may be of diagnostic significance, are the seminal vesicle cells, 
urothelial cells, colonic epithelium, squamous cells and bone marrow and ganglion 
cells. 
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Figure 33-6 Seminal vesicle cells and prostatic concretions. A An example of seminal 
vesicle cells. Note the variability in nuclear sizes and cytoplasmic pigment. B. Oil immersion 
magnification of the cells of seminal vesicles showing opaque nuclei of variable sizes. C. 
Spermatozoa, free and phagocytized by a macrophage. D. Prostatic concretion. 



Seminal vesicle cells are often characterized by very large, opaque, homogeneous, dark 
nuclei and granular deposits of cytoplasmic brown or yellow lipochrome pigment (Fig. 
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33-6A.B). Cells of the seminal vesicles are more often observed in prostatic aspirates than in 
urinary sediment, where they may be seen after prostatic massage. These cells may also occur 
in cervicovaginal smears after intercourse (see Chaps. 8 and 10). Because of their nuclear 
features, these cells may be readily mistaken for cancer cells (Droese and Voeth, 1976; 

Koss et al, 1992). The cells may be correctly identified because of the presence of 
cytoplasmic pigment. Another common identifying feature of these cells is the company of 
spermatozoa and their precursors. In aspirates, the seminal vesicle cells are often accompanied 
by circular eosinophilic droplets of accumulated secretions that are much smaller than the 
corpora amylacea. 

Spermatozoa are readily recognized by their small size, small oval nuclei and the presence of 
long tails. They may be numerous in specimens obtained by prostatic massage and in aspirates 
that inadvertently penetrated the lumen of the seminal vesicles. On occasion, macrophages 
containing numerous phagocytized spermatozoa may be noted (Fig. 33-6C). 

Characteristically, the tails of the spermatozoa often remain outside the macrophage. The 
precursor cells of spermatozoa or spermatogonia appear as small cells, about the 
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size of lymphocytes or slightly larger, with a fair amount of somewhat elongated cytoplasm, and 
peripheral, relatively large, dark nuclei. These cells are illustrated below, in reference to the 
testis. 

Urothelial cells are common in urine sediment and may occur in aspirates wherein the needle 
is too deeply inserted and reaches the trigone of the bladder. Such cells are readily 
recognized, particularly when the superficial umbrella cells are present in the smear (Fig. 33- 
7A). For a detailed discussion of the morphology of these cells, see Chapter 22. 

Colonic epithelial cells are seen in aspirates if the needle is withdrawn to the level of the 
colonic mucosa, before releasing the piston of the syringe to equalize the vacuum. Clusters of 
large, columnar goblet cells, with clear, mucus-containing cytoplasm and peripheral 
nuclei are usually readily identified (Fig. 33-7B). 

Squamous cells may originate from the membranous urethra or from prostatic infarcts that 
may undergo squamous metaplasia. In the latter case, the squamous cells may be of the 
parabasal variety and show some nuclear atypia in the form of small nucleoli (Koss et al, 

1992). Squamous cells may also be observed in patients treated for prostatic carcinoma 
(see below). 

Bone marrow cells, notably large polynucleated megakaryocytes and large ganglion 
cells with prominent nucleoli accompanied by nerve fibers, may be observed if the 
inexperienced operator aspirates, respectively, the bone marrow or the anterior surface of the 
sacrum (Greenebaum, 1988). The large ganglion cells may be readily mistaken for cancer 
cells by an unfamiliar observer (see Chap. 16). 

Urine Sediment and Prostatic Fluid 

Cells of normal prostate and seminal vesicles are uncommon in spontaneously voided 
urine, except after intercourse or after prostatic massage. After prostatic massage, the 

sediment may contain cells of prostatitic ducts, seminal vesicles, bladder and urethra, and the 
sperm, or its predecessors. In the absence of disease, acinar prostatic cells are practically 
never seen in the urinary sediment. Occasionally, a few round squamous cells containing 
yellow deposits of glycogen may be noted. These cells are more commonly seen as a 
result of therapy (see below) but they may also be present in the absence of treatment. Small, 
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concentric, yellow or purple, but occasionally calcified, prostatic concretions (corpora 
amylacea), are easily recognized (see Fig. 33-6D). Spermatozoa, and their precursors, may 
be observed after prostatic massage or after intercourse (see Fig. 33-6C). Nearly every 
prostatic massage specimen will contain a few cells very difficult to classify accurately because 
of the complexity of the participating epithelia. 
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Figure 33-7 Urothelial and colonic cells in prostatic aspirates. A Urothelial cells. 
Large, multinucleated umbrella cells with several attached smaller cells from deeper layers 
of the epithelium. B. Sheet of columnar cells with clear cytoplasm, corresponding to the 


colonic epithelium. 





CYTOLOGY OF PROSTATIC ASPIRATION SMEARS IN BENIGN DISORDERS 

Although the primary target of aspiration biopsy is prostatic carcinoma, a number of benign 
lesions may mimic prostatic carcinoma on clinical examination or on ultrasound and may be 
inadvertently sampled. These are: 

■ Benign prostatic hypertrophy 

■ Chronic prostatitis 

■ Granulomatous prostatitis 

■ Prostatic infarcts and other rare benign disorders 
Benign Prostatic Hypertrophy 

Benign prostatic hypertrophy or hyperplasia consists of an enlargement of the prostate caused 
by increase in the number of glands, increase in the amount of stroma, or both. It is a very 
common disorder in elderly men. It is not clear whether prostatic hyperplasia is a precursor 
lesion of prostatic carcinoma (Greenwald et al, 1974). Still, in some patients treated for 
hyperplasia by suprapubic prostatectomy, foci of occult carcinoma may be discovered (Bauer et 
al, 1960). 

In aspiration smears of benign prostatic hyperplasia, 
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there are large clusters of essentially normal, flat, nonstratified sheets of benign 
epithelial cells with striking regularity of architecture (see Fig. 33-5B.C). The relatively 
few dissociated cells have the same appearance as the clustered cells. Another type of cell 
grouping in benign prostatic hyperplasia is a large multilayered plug of ductal epithelial 
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cells of quasi-papillary appearance (Fig. 34-8). This may arouse the suspicion of cancer but 
higher magnification shows that the flat center of the cluster shows “honeycomb” arrangement 
of epithelial cells with spherical nuclei of even sizes and barely visible or absent 
nucleoli. 

Prostatitis 

Bacterial or Viral Prostatitis 

As mentioned above, patients with evidence of prostatitis are at risk of septicemia and should 
not be aspirated. Still, occasionally, aspiration smears are obtained and show variable 
numbers of inflammatory cells. In acute inflammation, neutrophil granulocytes predominate. In 
less acute forms, the smears show monocytes, lymphocytes and macrophages, next to 
neutrophil granulocytes. Macrophages may be numerous. The prostatic glandular cells 
often show degenerative changes, such as vacuolization of the cytoplasm, swelling or 
pyknosis and break-up of the nuclei (karyorrhexis or apoptosis). Some variations in the 
nuclear size and shape and the presence of small nucleoli may occur. In the presence 
of nucleoli, it is difficult to exclude the possibility of cancer or a precancerous lesion. 

However, evidence of inflammation is very uncommon in smears of prostatic 
carcinoma and should serve as a deterrent to a false positive diagnosis. In debatable 
cases, we usually recommend repeat aspiration or tissue core biopsy after treatment of the 
inflammation. 

Granulomatous Prostatitis 

Granulomatous inflammation of the prostate may be a primary event or a secondary 
complication of a generalized granulomatous inflammation occurring in tuberculosis, 
sarcoidosis or fungal infection. We have not seen patients with granulomatous prostatitis 
caused by infectious agents or sarcoidosis. However, several published reports indicate that 
granulomas, composed of epithelioid and giant cells and caseous necrosis, may be 
observed in tuberculous prostatitis (Miralles et al, 1990; Garcia-Solano et al, 1998). Prostatic 
granulomas may also occur during and after treatment of bladder cancer with bacillus 
Calmette-Guerin (BCG) (see Chap. 23). Although epithelial cell atypia may be observed in 
such cases, the comments pertaining to prostatitis are valid here as well, to wit, that prostatic 
cancer cells are rarely accompanied by inflammatory events but, in doubtful cases, 
tissue biopsy may be indicated. 




Figure 33-8 Benign prostatic hypertrophy. A Avery large sheet of prostatic epithelial 
cells with ductal cells forming the flat center of the cluster and several peripheral cell 
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clusters derived from adjacent, smaller ducts. B. Corresponding tissue section. 



A relatively rare, but distinct, type of inflammatory process is granulomatous eosinophilic 
prostatitis, which is observed in patients with allergic conditions such as bronchial asthma. 

Despite its comparative rarity, granulomatous eosinophilic prostatitis is clinically important, since 
it causes induration and partial fixation of the gland and, thus, may strongly suggest 
prostatic carcinoma on digital examination. In the prostate, granulomas with a necrotic center 
and a palisading of epithelioid cells at the periphery may be observed. Numerous eosinophiles 
are seen in the background. In aspiration biopsy smears, the inflammatory cell population is 
dominated by plasma cells and eosinophilic leukocytes. Comma-shaped epithelioid 
cells and multinucleated giant cells may be observed (Fig. 33-9). 

Parasites 

Gardner et al (1986) observed the presence of Trichomonas vaginalis in otherwise normal 
prostates. For description of the parasite, see Chapter 10. In tropical countries, other parasites, 
such as fiiaria species, may be observed. 

Prostatic Infarcts 

These are uncommon events, occurring in benign prostatic hyperplasia, wherein a sharply 
demarcated area of the prostate becomes necrotic. Although the term “infarct” is used to 
describe such events, evidence of vascular occlusion 
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is often lacking. Infarcts may undergo squamous metaplasia. The squamous epithelium, 
that may be mature or immature, is presumably derived from adjacent prostatic epithelium. 

Infarcts of the prostate may be mistaken for cancer on ultrasound examination and the 
lesions may be aspirated. 




Figure 33-9 Multinucleated macrophage from an aspirate in a case of 
granulomatous prostatitis. 
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In our very limited experience, the aspiration smears may contain necrotic tissue and 
scattered mature and immature squamous cells that may be mistaken for cells of the 
extremely rare squamous carcinoma of the prostate (Koss et al, 1992). 

PROSTATIC CARCINOMA 
Histology 

Most prostatic adenocarcinomas originate in the glands or acini of the posterior lobe of the 
prostate. It is estimated that about 25% of these tumors originate in the anterior lobes (for 
review of this topic, see Koss, 1995). A more elaborate analysis of the origin of these tumors is 
irrelevant in the context of this book. The tumors are composed of abnormal prostatic glands 
which, at one end of the spectrum, may show only minimal nuclear abnormalities (enlarged 
nucleoli) and, at the other end of the spectrum, are composed of obvious cancer cells. 

Grading of prostatic carcinoma has been shown to be of prognostic value (Mostofi, 1975). 
Grading may be based on the level of cytologic abnormality, but a classification system based 
on histologic patterns, proposed by Gleason et al (1979), is now widely used. The Gleason 
system puts a numerical value on the primary or dominant and secondary histologic 
patterns, ranging from 1 to 5. Thus, the tumors may be very well differentiated and mimic 
closely the make-up of normal prostatic glands, except for invasion of stroma (low-grade 
carcinomas, Gleason 1 + 1 = 2 or 2 + 1 = 3 or 2 + 2 = 4); moderately differentiated, with 
significant abnormalities of the glands and the component cells, but retention of the glandular 
pattern (Gleason 3 + 3 = 6 or 3 + 4 = 7); or poorly differentiated, with loss of glandular 
pattern and marked cytologic abnormalities (Gleason 4 + 5 = 9 or 5 + 5 = 10). The moderately 
and poorly differentiated tumors tend to invade the capsule of the prostate, periprostatic 
nerves and metastasize to regional lymph nodes and bone. 

It is thought that prostatic carcinomas are preceded by precancerous abnormalities known as 
prostatic intraepithelial neoplasia (PIN) (Bostwick et al, 2000). To our knowledge, aspiration 
cytology is not useful in the recognition of this condition, although there may be rare exceptions 
to this statement (DeGaetani and Treutini, 1978). 

Prostatic cancer may show a dependency on hormones. Estrogens, or their chemical 
substitutes or, more recently, androgen agonists, may temporarily arrest the spread of 
prostatic cancer and bring about subjective and objective improvement. 

Tumor staging reflects the relationship of the tumor with adjacent structures. Tumors 
still confined to the prostate are stage A or I, whereas tumors forming metastases are stage D or 
IV. Most of the low-stage, low-grade tumors are discovered in asymptomatic patients 
investigated because of a rise in PSA levels. Tumors discovered by palpation are usually of 
higher grade and stage. 

Carcinomas, primary in the prostatic ducts, are distinctly uncommon (Dube et al, 1973; 
Christensen et al, 1991 ; Vandersteen et al, 1997). They have a great deal of histologic 
similarity to ductal carcinomas of the breast. They must always be differentiated from 
urothelial carcinoma (including carcinoma in situ) of bladder that may extend into 
prostatic ducts (see below and Chap. 23). In the presence of a solid carcinoma in 
prostatic ducts, a search for a carcinoma in situ of the bladder is mandatory (Barlebo 
and Sorensen, 1972). There appears to be considerable confusion among pathologists who 
consider adenocarcinomas of the prostatic utricle, resembling endometrial cancer 
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described in Chapter 23, as equivalent of ductal carcinoma of the prostate ( Brinker et al, 1999). 

We believe that these are two distinct tumors, one resembling endometrial carcinoma and the 
other mammary carcinoma. 

Another uncommon type of prostatic carcinoma is the small cell carcinoma that may be either 
primary or a component of a conventional adenocarcinoma (Tetu et al, 1987). Other very rare 
types of prostatic carcinoma, including endocrine carcinomas, were discussed by 
Peterson (1992) but have a very limited bearing on the interpretation of the aspiration biopsy. 

Van de Voorde et al (1994) described a mucin-secreting adenocarcinoma of the prostate 
with marked endocrine differentiation. This is in contrast to focal presence of 
neuroendocrine cells that is common in prostatic cancer and has no documented clinical 
significance (di Sant'Agnese, 1992). 

Cytology 

Voided Urine and Prostatic Massage 

Cells of prostatic carcinoma may be observed in voided urine, usually in advanced 
prostatic cancer. The cancer 

R1271 

cells are usually small and either occur singly or form loosely structured clusters (Fig. 

33-10). The nuclei are relatively large and hyperchromatic and often contain clearly 
visible nucleoli. Morphologic recognition of tumor origin and type is difficult in the absence of 
clinical data. 




Figure 33-10 Prostatic carcinoma in voided urine. A small cluster of small cancer cells 
with relatively large, hyperchromatic nuclei. The details of the nuclear structure are not 
visible. The prostatic origin of the cluster is not secure. 



In specimens obtained by prostatic massage, the material obtained is rarely optimal and does 
not compare favorably with smears obtained by prostatic aspiration, discussed below. The 
appearance of cancer cells varies according to the degree of histologic differentiation of the 
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tumor and is similar to that described below for aspiration biopsies, except that cancer cells are 
usually few in number and fine points of nuclear structure are rarely evident. In the 1950s and 
1960s, prostatic massage technique was used to recognize occult prostatic carcinoma with 
rather poor results (Frank, 1955; Frank et al, 1958; Riaboff, 1954; Richardson, 1954). The 
cytologic findings in the rare, poorly differentiated carcinomas involving simultaneously the 
bladder and the prostate (uroprostic carcinoma) were discussed in Chapter 23. 




Figure 33-11 Cells of prostatic carcinoma, compared with benign cells. The 

differences in nuclear sizes are clearly shown. The large, hyperchromatic nuclei and 
prominent nucleoli of malignant cells are evident in both photographs. In A, the cancer cells 
form a rosette-like cluster, to be contrasted with an orderly cluster of benign cells. In B, the 
malignant cells form a large, poorly organized cluster, next to an orderly cluster of benign 
cells. 



Aspiration Cytology 

The adequate aspiration smears in prostatic adenocarcinoma are usually richer in cells than 
smears from benign conditions. Often, there is no admixture of blood, which gives a 
distinctive appearance to the dried, unstained smears. Inflammatory cells are rarely present 
and the smear usually shows only benign and malignant epithelial cells, occurring singly and in 
clusters. 

When the benign and malignant cells are present side-by-side in the same smear, the 
differences in cell and nuclear configuration sizes become instantly evident (Fig. 33-11). As 
previously described, the benign cells form orderly arrays of cells with small, even nuclei. The 
larger size of the malignant cells and their large, hyperchromatic nuclei with prominent nucleoli 
are evident. In Figure 33-11 A, the malignant cells form a rosette-like structure, whereas in 
Figure 33-1 IB, the cancer cells form a 3-dimensional, loosely structured cluster 
surrounding central empty, spherical spaces. Both configurations of malignant cells are 
consistent with adenocarcinoma. Certain differences in configuration of cancer cells according 
to degree of differentiation can be observed. 

In smears from well-differentiated, low-grade cancers, the most characteristic feature is the 
microadenomatous complex, a structure in which the cytoplasm of the cancer cells is 
crowded into a central mass, while the enlarged nuclei are arranged at the periphery. 

When this pattern is repeated throughout the smear, even without noteworthy nuclear 
polymorphism, the cytologic picture can be regarded as pathognomonic of well-differentiated 
prostatic adenocarcinoma (Fig. 33-12). DeGaetani and Treutini (1978) described a patient with 
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“atypical hyperplasia” of the prostate with positive smears. So far as one can tell, this may be 
an example of prostatic intraepithelial neoplasia observed in smears. 

In moderately well-differentiated adenocarcinoma, this pattern may still be evident but the 
component cells are much larger. However, the smears are mainly composed of more solid 
groups of malignant cells with pronounced 

P.1272 

nuclear polymorphism and large, irregularly shaped nuclei and prominent nucleoli (Fig. 

33-13). 
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Figure 33-12 Well-differentiated prostatic adenocarcinoma. A. Aspiration smear 
showing a microglandular complex in which relatively small cancer cells surround a central 
space with pink secretions. B. The corresponding tissue biopsy. 



In smears from poorly differentiated prostatic cancers, the malignant cells are often 
dissociated and may be strikingly polymorphic with bizarre forms and very large nuclei (Fig. 
33-14). In the anaplastic variant, the picture is monotonous and may resemble the pattern of 
leukemia or lymphoma. Clustering and microadenomatous complexes are rare. 
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aspects of aspiration smear. A Microglandular complexes formed by much larger cancer 
cells than in low grade carcinoma (compare with Fig. 33-1 2A). B,C. Solid sheets of cancer 
cells. D. Prostatic biopsy corresponding to C. 



By far, the most important point in the differential diagnosis of poorly differentiated 
prostatic carcinoma is urothelial carcinoma of bladder extending to prostatic ducts (Fig. 

33-15). The documentation of the source of such tumors may be difficult and may require 
multiple biopsies of 
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the bladder. In aspiration smears, the urothelial cancer cells are often elongated, have a sharply 
outlined cytoplasm and hyperchromatic nuclei (see also Chap. 23). 





Figure 33-14 Poorly differentiated prostatic carcinoma. The aspiration smear (A) 
shows dissociated highly abnormal, dispersed cancer cells. B. The corresponding tissue 
(prostatectomy). 



Cytologic Grade, DNA Ploidy, and Behavior of Prostatic Cancer 

On review of the prostatic aspiration biopsies performed at Radiumhemmet in Stockholm during 
the years 1956 to 1964, the carcinomas were classified as well-differentiated, moderately 
differentiated, or poorly differentiated tumors, based on cytologic features described above 
(Eposti et al, 1966). In 206 patients with estrogen-treated carcinomas, a correlation of 
cytologic grading was shown to be of prognostic value. The 3-year survival rate was 80% in 
the well-differentiated carcinoma, about 60% in moderately differentiated tumors, but only 20% 
in poorly differentiated cancer. The same survival pattern was observed in the 84 patients 
followed for 5 years (Fig. 33-1 6A). Helpap (1981) also concluded that aspiration cytology of the 
prostate is a reliable medium of tumor grading. Layfield et al (1988) observed that cytologic 
grading in prostatic aspirates corresponds to Gleason's grading in about 80% of cases. Further, 
DNA measurements by flow cytometry and image analysis systems, have largely confirmed 
these observations. 
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Figure 33-15 Urothelial carcinoma in situ in prostatic FNA. A A cluster of elongated 
cancer cells with sharply outlined cytoplasm and large, hyperchromatic nuclei. B. Urothelial 
carcinoma in situ in the trigone of the bladder. 



The behavior and prognosis of prostatic carcinoma is reflected in the DNAploidy of 
these tumors: diploid tumors are usually of low stage and grade and progress slowly, 
whereas aneuploid tumors are of high grade and may show rapid progression (Fig. 33- 
16B) (Bichel et al, 1977; Zetterberg, 1976; Auer and Zetterberg, 1984; Amberson and Koss, 

1988). In a consensus statement on prognostic factors in prostatic carcinoma (Bostwick et al, 

2000), Gleason's grade was considered to be of prognostic significance but DNAploidy 
measurements were not given the same value. This consensus statement is obviously not 
consistent with our observations or those of other investigators experienced with DNA ploidy 
measurements which, in our judgment, are much more reliable than Gleason's grading and 
are an important independent prognostic parameter. 

It has been repeatedly documented, in long-term follow-up studies, that the long-term survival of 
patients with low-grade, early stage prostatic carcinomas, either not treated or treated with 
hormonotherapy, is excellent and either equal or better than for patients with radical 
prostatectomy (Johansson et al, 1992, 1997; Albertsen et al, 1998). It is 
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quite likely that the long-term survivors had tumors in the diploid range. 
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Figure 33-16 Prognostic factors in prostatic cancer. A Cytologic grading of prostatic 
carcinoma and survival of 206 patients treated with estrogens (January 1956 to June 
1963). B. Frequency histograms of DNAploidy in prostatic carcinomas with low (patient 
group 1) degrees of clinical malignancy. The ploidy abnormality is expressed in percentage 
of hyperploid cells, defined as cells with DNA values exceeding the upper limit (2.5 c units) 
of the diploid staining control. The shadowed bars represent patients with combined diploid 
and tetraploid or pure tetraploid tumors. (Courtesy of Dr. Gert Auer, Stockholm, Sweden.) 



Performance of Aspiration Biopsy in the Diagnosis of Prostatic Carcinoma 

Initial reports on aspiration biopsy diagnosis of prostatic carcinoma were encouraging but 
based on a relatively small number of patients (Ferguson, 1930; Clarke and Bamford, 1960). A 
large scale experience with prostatic aspiration biopsy was reported from the Cancer Center 
(Radiumhemmet) in Stockholm for the years 1956 to 1964, where 3,002 transrectal aspiration 
biopsies on 2,410 patients were performed as an outpatient office procedure (Eposti et al, 
1966). To ascertain the diagnostic reliability of the aspiration biopsy method in prostatic 
carcinoma, the cytologic results were compared with histologic findings in 162 cases (Eposti, 
1966). Cancer was diagnosed from the initial aspiration biopsy smears in 90% of the cases and 
there were no false positive diagnoses. By repeating the aspiration biopsy after a negative 
cytologic report, the diagnostic accuracy rose to 95%. In 1974, Esposti updated his results on a 
still larger group of patients with overall accuracy of 96% and 93% specificity for benign lesions 
and 97% for cancer. Epstein (1976B) estimated the accuracy at 86%. Similar results were 
reported by Kline et al (1982), Ljung et al (1986), Klotzet al (1989), and Brenner et al (1990). In 
our own experience with 214 adequate samples diagnosed as either “positive” or “suspicious,” 
all but two patients with cytologic diagnosis of carcinoma had histologically confirmed prostatic 
cancer. In the two patients, the follow-up was inadequate. In four of the “suspicious” smears, 
the diagnosis could not be confirmed and may represent errors of interpretation in prostatitis 
(Suhrland et al, 1988). 

Comparison of Results of Needle Aspiration Biopsy (FNA) with Ultrasound- 
Guided Core Biopsies 

Al-Abadi (1997) compared the results of the two procedures in 246 patients, 142 with benign 
lesions, 103 with prostatic carcinoma and 3 with “atypical prostatic hyperplasia.” The FNA 
procedure gave a sensitivity of 98%, whereas the ultrasound-guided core biopsies had a 
sensitivity of 96%. Two of the FNA results were false negative, compared with seven initial 
core biopsies. In these seven cases, the diagnosis of cancer was established on repeat 
biopsies. In the three cases of “atypical hyperplasia,” the aspirates were positive. In the 
absence of illustrations, the nature of these three lesions is not clear. Similar observations have 
been reported 



by Couture et al (1980), Klotz et al (1989), and Brenner et al (1990). 
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Figure 33-17 Effects of estrogen treatment on prostate cancer. A Aspiration biopsy. A 
single cluster of cancer cells ( center ) is surrounded by squamous cells with rich deposits 
of glycogen, often pushing the nucleus to the periphery (glycogenic or navicular cells). B. 
Biopsy of prostate showing extensive squamous metaplasia of the cancerous glands. 



Al Abadi (1997) reviewed the pertinent literature, notably papers by Bruins et al (1989) and his 
own previous publication from 1993, and concluded that the FNA was more accurate, less 
tedious to the patient, and much cheaper than the core biopsy. To be sure, expertise in 
obtaining prostatic aspirates and their interpretation are two key elements in the success of 
FNA 

Cytologic Effect of Treatment of Prostatic Carcinoma 

Application of estrogens or pharmacologically related compounds in the treatment of 
prostatic cancer may result in the presence of intermediate squamous cells in voided 
urine. In Papanicolaou stain, many of these cells contain yellow deposits of glycogen 
in their cytoplasm (glycogenic or navicular cells) (Fig. 33-1 7A). These cells originate in the 
glands of the cancerous prostate which undergo squamous metaplasia under the impact of 
estrogens (Fig. 33-1 7B). This type of treatment can also be monitored by prostatic aspirates. 

A favorable effect of estrogen is also reflected in numerical reduction and degenerative 
changes in the cancer cells, which finally disappear from the aspirate. Such changes may be 
observed in aspiration biopsy smears within a few weeks after the start of treatment (Esposti, 
1971). 

Very little is known about the cytologic effects of newer drugs (testosterone agonists or 
androgen blocking agents) on prostatic cytology. Histologic studies indicate that atrophy and 
fibrosis of the gland does not influence the morphology of cancer cells (Yang et al, 1999). 

RARE TUMORS OF THE PROSTATE 

The cytology of a rhabdomyosarcoma was described by Moroz et al (1995). Caraway et al 
(1998) compared primary and metastatic small cell carcinomas. We have observed a case of 
adenoid cystic carcinoma with features identical to similar tumors of the salivary glands (see 
Chap. 32). Endometrioid carcinomas of prostatic utricle were discussed in Chapter 23. 
Masood (1991) stressed the frequency of nuclear creases in this tumor. See also comments 
above on ductal carcinoma of the prostate. 

TESTIS AND EPIDIDYMIS 
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The early purpose of testicular needle biopsy was to investigate the nature of palpable 
lesions (Posner, 1905). This has remained one of the important applications of this technique. 

A more recent application of testicular aspiration biopsy is the evaluation of 
spermatogenesis. Thin needles (external diameter of 0.6 mm) are used and palpable lesions 
are aspirated without anesthesia. In the evaluation of fertility, however, local anesthesia is 
required. 

ANATOMY AND CYTOLOGY OF NORMAL TESTIS 
The testis is composed of numerous seminiferous tubules and interstitial tissue, 
surrounded by several connective tissue envelopes, including the tunica vaginalis, lined by 
mesothelium. Each seminiferous tubule is a folded, very long structure, wherein the 
maturation of spermatozoa takes place in several stages, starting with the most primitive cells 
(or spermatogonia). They undergo successive stages of maturation as spermatocytes that 
are transformed into spermatids and spermatozoa. During the spermatocyte stage, the cells 
undergo a cell division (meiosis) that reduces the number of chromosomes from the diploid 46 
to the haploid 23, composed of 22 autosomes and one sex chromosome, either X or Y 
(see Chap. 4). Thus, the sperm determines the sex of the product of conception, because all 
ova are 
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provided with a single X chromosome. The outer lining of the tubules is provided by columnar 
Sertoli cells, forming a cytoplasmic network within which the process of maturation of 
spermatozoa takes place. Hormonally active, large Leydig cells are found in the interstitium of 
the testis. 

Normal cellular constituents of the testis (spermatogenia, primary spermatocytes, 
spermatids, spermatozoa, Sertoli and Leydig cells) are observed in aspirates obtained for study 
of spermatogenesis. They are also observed if the needle is inadvertently introduced into 
normal parenchyma during the aspiration of a palpable lesion. For a detailed description of 
cytology of seminiferous tubules, see Zajicek (1979) and Schenck and Schill (1988). 

Spermatogenic and Related Testicular Cells 

Aspirates from the normal, sexually mature testis are dominated by spermatogenic cells. The 
most primitive of the cells, spermatogonia, have a round, central nucleus, with a small 
nucleolus. The cytoplasm is homogenous and has well-defined borders. In air-dried, MGG- 
stained smears, the spermatogonia may resemble lymphatoid blast cells and an inexperienced 
observer may suspect the presence of a malignant lymphoma. A more detailed scrutiny of 
the smear, however, will reveal numerous transitional cell forms, ranging from spermatogonia to 
spermatozoa (Zajicek, 1979; Papicetal, 1988). 

The most common and readily recognizable are the primary spermatocytes. They have a 
long prophase and the nuclei are intensely stained due to reorganization of their chromatin into 
thick prophase chromosomes leading to the haploid cells (Fig. 33-18). The secondary 
spermatocytes and spermatids are characterized by smaller nuclear sizes (these are haploid 
cells) and condensation of chromatin. The spermatozoa have a small, oval, condensed 
nucleus and a long cytoplasmic tail. 
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Figure 33-18 Aspiration biopsy of testicle for evaluation of spermatogenesis. A. 

Early maturation arrest. The smear shows abundant large Sertoli cells with ample 
cytoplasm and primary spermatocytes, characterized by compact, hyperchromatic dark 
nuclei surrounded by clear, vacuolated cytoplasm. There is no evidence of mitoses in 
spermatocytes (compare with B). B. Late maturation (post-meiotic) arrest. In addition to 
Sertoli cells, the smear shows a normal number of primary spermatocytes, many showing 
mitotic activity, and spermatids, characterized by small, dark nuclei (arrows), but usually 
complete absence of mature sperm. (Both photos courtesy of Dr. Britt-Marie Ljung, San 
Francisco, CA) 



Sertoli Cells 

These cells have a round, vesicular nucleus that contains a large nucleolus, surrounded by 
abundant pale and vacuolated cytoplasm with poorly defined cell borders (Fig. 33-1 8A). 

The cytoplasm is fragile and naked nuclei are common. These cells are scarce in normal adult 
testis but may become numerous if there is an arrest of spermatogenesis and in normal elderly 
men. 

Interstitial or Leydig Cells 

These hormone-producing cells play a critical role in sexual differentiation and maturation in 
males. An abnormality of Leydig cells may lead to severe endocrine disturbances (recent review 
in Liu et al, 1999). In smeared aspirates, these cells appear singly or in clusters. They are 
somewhat smaller than Sertoli cells and have a central spherical or oval nucleus. Some 
Leydig cells are binucleated. The abundant, irregularly delineated, usually eosinophilic, 
cytoplasm is finely granular. Reinke's crystalloids may be observed in the cytoplasm in the 
form of elongated rhomboid crystals (see Fig. 33-23). As with Sertoli cells, a relative increase 
of Leydig cells is found in aspirates from juvenile and atrophic testes. 

ASSESSMENT OF SPERMATOGENESIS 

Infertility in males may have numerous causes, many of which are related to testicular function. 
Malfunction may occur in various stages of spermatogenesis, described above. The causes of 
malfunction are complex and beyond the scope of this book. 

■ Spermatogenesis may be completely absent and neither precursor cells nor sperm are 
formed. 
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■ There may be an early arrest of spermatogenesis: spermatogonia and primary 
spermatocytes are formed but do not undergo meiotic division (see Fig. 33-1 8A). 

■ There may be a late arrest of spermatogenesis: a meiotic division takes place in 
secondary spermatocytes but sperm formation does not take place (Fig. 33-1 8B). 

■ Sperm formation is normal but none are found in the semen because of a mechanical 
obstruction. 

The term azoospermia is used clinically to describe the absence of spermatozoa in the semen. 

The assessment of spermatogenesis has become even more important in recent years because 
new reproductive techniques, such as intracytoplasmic sperm injection into a harvested 
ovum, may be implemented with a single spermatozoon. Thus, the presence of even minimal 
spermatogenesis may be important to achieve reproductive success (Turek, 1998). Needle 
aspiration of the testes in azoospermic men has been used for assessment of spermatogenesis 
for many years (Obrant and Persson, 1965; Persson et al, 1971; Gottschalk-Sabag et al, 1993, 

1995; Chao et al, 1997; Craft et al, 1997; Mahajan et al, 1999; Meng et al, 2001). 

With the development of new methods of fertilization, it became very important to test whether 
the needle aspirates offered equivalent information to open testicular biopsy. This was 
tested on imprint cytology of testicular biopsies (Dusmezet al, 2001) and on May-Grunwald- 
Giemsa-stained smears of ejaculates (Amer et al, 2001). However, the most elaborate system 
of testing for spermatogenesis in infertile men was reported by Meng et al (2001). These 
authors reported a system of “mapping” technique by performing multiple needle 
aspirations of a testis at 5 mm intervals (from 2 to 11 per testis) and comparing the results 
with open biopsies. The smears were fixed in alcohol and Papanicolaou stain was used. In 87 
men, the various forms of deficiency of spermatogenesis (inadequate formation of sperm or 
hypospermatogenesis, early or late maturation arrest, absence of spermatogenesis) 
were assessed on smears of aspirates by “pattern recognition.” The proportions of various 
stages of spermatogenesis, as outlined above, and the proportion of Sertoli cells were used to 
determine normal and abnormal maturation (see Fig. 33-18). The accuracy of the cytologic 
procedure, when compared with tissue biopsies, was from 91 to 97%. The absence of 
spermatogenesis was best documented when only Sertoli cells were seen in smears. It must be 
noted that, in some cases, infertility in men is caused not by abnormalities of maturation arrest 
but by abnormalities in chromatin structure in nuclei of spermatocytes, as documented by 
Perreault et al (2000) by flow cytometry. Another possible cause of infertility was the presence 
of an increased percentage of deformed, round-headed spermatozoa (Kalahanis et al, 2002). 

Exposure to Radiation 

Because the testis is exquisitely sensitive to radiation damage that may impair 
spermatogenesis, Perreault et al (2000) suggested that abnormalities of DNAploidy, 
determined by fluorescent in situ hybridization (FISH), may be a sensitive index of exposure to 
radiation or, perhaps, other toxic agents, such as smoking. Although semen samples were used 
in this study, aspiration biopsy may be a better source of material in the future. 

Inflammatory Lesions 
Acute Orchitis 

In acute orchitis, which often complicates other infections (e.g., influenza, mumps, pneumonia, 
cystitis), the testicle becomes painful, swollen, and firm. Such testes are rarely aspirated. 
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However, if performed, aspiration biopsy yields abundant material, mainly fibrin, granulocytes, 
phagocytes, and cell detritus. Such smears should be carefully inspected because, 
occasionally, malignant neoplasms of the testis may be accompanied by acute 
inflammation. The clinical history is the main guide to correct interpretation of the cytologic 
findings. 

Chronic Orchitis 

Acute orchitis may subside completely or may persist in chronic form. The yield of an aspiration 
biopsy in chronic orchitis is less than in the acute condition, mainly because of increased 
fibrosis of the testis. Variable degrees of degeneration and decrease of spermatogenic cells are 
found, as well as relative increase of Sertoli and Leydig cells. Variable numbers of lymphocytes, 
histiocytes, and plasma cells with scanty admixture of granulocytes are also present in the 
smears. 

Granulomatous Orchitis 

In addition to the cells found in chronic orchitis, aspirates from granulomatous orchitis (usually 
caused by tuberculosis) contain clusters of epithelioid cells and occasional multinucleated giant 
cells. It must be pointed out that well-formed granulomas, composed of epithelioid and giant 
cells, are commonly observed in primary and metastatic seminomas (see below). 

Cystic Lesions 

Hydrocele (hematocele) and spermatocele are the two most common conditions that can 
simulate a testicular tumor and from which fluid can be aspirated at needle biopsy. 

Aspiration biopsy of hydrocele usually yields clear, amber-colored fluid. Centrifugation gives a 
scanty sediment consisting of mesothelial cells and lymphocytes. Occasionally, the aspirate is 
hemorrhagic, indicating that bleeding has occurred in the sac of the tunica vaginalis 
(hematocele). Marked atypia of mesothelial cells, mimicking a malignant tumor, may occur 
in hydroceles of long duration (see Chap. 27). The aspirate in spermatocele consists of 
variable amounts of milky fluid containing spermatozoa. Benign squamous cysts may also 
occur in the testes and may be confused with a well differentiated teratoma (see below). In 
aspiration smears of such cysts, only squamous cells and cell debris are observed. 
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Because some malignant testicular tumors, particularly teratomas, may be partially cystic, the 
removal of fluid from a cystic lesion should be followed by careful examination of the affected 
testis. If a residual mass is palpable, it should be aspirated again or biopsied. 

For description of mesotheliomas of the tunica vaginalis testis, see Chapter 26. 

TUMORS OF THE TESTES 

Tumors of the testes are classified, on the basis of their origin, into two main groups: germ cell 
tumors and sex cord-stromal tumors. The classification of germ cell and sex cord tumors is 
shown in Table 33-1. Rarely, paraneoplastic encephalitis has been observed in patients with 
testicular cancer, attributed to antibodies against proteins formed by the tumor (Voltz et al, 

1999). 

Germ Cell Tumors 

Germ cell tumors comprise about 95% of all malignant testicular tumors. Sex cord stromal 
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tumors (Sertoli and Leydig cell tumors) are rare and usually benign. The common germ cell 
tumors are seminomas, embryonal carcinomas, and teratomas. Contrary to the ovary, 
where nearly all teratomas are benign, all teratomas of the testis must be considered 
malignant. These tumors may occur in pure form or in various combinations. In a series of 
834 germ cell tumors, Nefzger and Mostofi (1972) classified 316 (38%) as seminoma, 123 
(15%) as embryonal carcinoma, 59 (8%) as teratoma, and 3 (0.4%) as choriocarcinoma. 

The remaining 333 germ cell tumors were combinations of various types, the most common 
was embryonal carcinoma-teratoma (199 cases; 24% of all tumors), teratoma-embryonal 
carcinoma-seminoma (6%), embryonal carcinoma-seminoma (5%), and teratoma-serminoma 
(~2%). Combinations of various germ cell tumors with choriocarcinoma were found in the 
residual 3% of the series. These tumors can also develop in undescended testes. 



TABLE 33-1 TUMORS OF THE TESTIS 



Cell Origin and Histologic Presentation 


Nomenclature in Testis 


Germ Cells 


Primordial germ cells 


Seminoma 


Yolk sac vesicles, endodermal sinuses 


Yolk sac tumor 


Trophoblastic tissue 


Choriocarcinoma 


Multiple embryonic bodies 


Polyembryoma 


Embryonal cells in epithelioid structures 


Embryonal carcinoma 


Tissues of various origin and differentiation 


Teratomas 




Immature 




Mature 5 


Sex Cord Stromal Cells 


Granulosa cells 


Granulosa cell tumor 


Sertoli cells and Leydig cells 


Androblastoma 


Sertoli cells 


Sertoli cell tumor 


Leydig cells 


Leydig cell tumor 
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Granulosa cells and Sertoli cells Gynandroblastoma 



The tumor is malignant in the testis, but not in the ovary. 



In the serum of patients with testicular germ cell tumors, markers such as placental 
alkaline phosphatase (PLAP), a-fetoprotein (AFP), and p-subunit of human 
gonadotropin (P-HCG) are often elevated. Although PLAP is usually elevated in pure 
seminomas, all markers may be elevated in other tumor types, in keeping with their mixed 
nature. The markers are very useful in the follow-up of treated patients. Their persisting 
elevated level suggests that the tumor, or its metastases, have not been cured. 

Seminomas 

Seminomas usually occur in young males, most commonly in teenage boys, and, with 
decreasing frequency, to the age of 40. Seminoma may be histologically classified as typical, 
anaplastic, or spermatocytic. Seminomas may also occur as a component of testicular 
teratomas. Seminoma in situ is a lesion confined to the seminiferous tubules (whence the 
tumor originates). Patients with undescended testes are prone to seminomas and, if the 
testes are surgically removed, they should be carefully examined for the presence of seminoma 
in situ (Halme et al, 1989). Basu et al (2002) reported several such cases. 

Typical Seminoma 
Histology. 

Typical or classic seminomas in histologic sections are composed of a homogeneous 
population of neoplastic cells. The tumor cells have clear cytoplasm, large nuclei, each 
containing a single prominent nucleolus. Glycogen is demonstrable in cytoplasm. Mitotic 
figures are uncommon. The tumor is divided by thin, fibrous septa. The presence of 
lymphocytes, often forming large aggregates and sometimes germinal centers, is a common 
feature of these tumors. Another striking morphologic feature of this tumor, whether primary or 
metastatic, is the presence of granulomas composed of epithelioid cells and Langhans'- 
type giant cells (Fig. 33-1 9C). 

Cytology. 

The smears are cellular, showing a rather monomorphic population of dispersed or loosely 
clustered, large neoplastic cells intermingled with lymphoid cells (Fig. 33-19). This 
mixture of tumor cells and lymphocytes is quite characteristic of the tumor. The tumor cells have 
round or oval nuclei with a peculiar, fine granularity of the chromatin and conspicuous, 
often multiple, and oddly shaped nucleoli. The cytoplasm is scanty and usually frayed at 
the edges. Pyknotic nuclei and necrotic material are usually present. 
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Figure 33-19 Typical seminoma of testis. A,B. Smears of a seminoma, one fixed and 
stained with Papanicolaou stain ( B ) and one stained with May-Grunwald-Giemsa (MGG) 
(A). The large, clear nuclei of the tumor with prominent nucleoli are best seen in B. In the 
MGG-stained smear, the nuclear detail is lacking but the background shows “tigering” (see 
Fig. 33-20C). There are a few scattered lymphocytes in the background. C. Histologic 
section of a typical seminoma. The lymphocytic component is not shown. 



A granulomatous reaction, which is often seen in tissue sections, may be expressed in 
aspirates by the presence of epithelioid cells and, occasionally, multinucleated giant cells 
(Fig. 33-20AB). In air-dried smears stained with one of the hematologic stains, the 
background of the smear often shows characteristic denser and lighter stripes, known as the 
tigroid pattern (Figs. 33-1 9A,B and 33-20C). The pattern is probably an artifact due to 
cytoplasmic fragmentation during smear preparation. Placental alkaline phosphatase 
immunostain is usually positive in seminoma. 



Similar patterns may be observed in metastatic seminoma, usually located in the 
retroperitoneum, where the most important point of differential diagnosis is large cell 
malignant lymphoma (see Chaps. 31 and 40). Although lymphoma can be primary in the 
testis (see below), it is most often observed as metastatic disease. The presence of 
lymphoglandular bodies in FNA smears, and, most importantly, a positive stain with the 
common lymphocyte antigen, identify lymphomas, whereas the PLAP reaction identifies 
seminomas. Akhtar et al (1990) reported similarities in ultrastructure of seminomas and ovarian 
dysgerminomas (see Chap. 15). 
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Anaplastic Seminoma 
Histology. 

The histologic features of the tumor are similar to those seen in classic (or typical) seminoma, 
but the nuclear pleomorphism is significantly more marked and the enlarged nucleoli 
are often multiple. Mitotic figures are very uncommon. Usually, there are few lymphocytes in 
the tumor (Tickoo et al, 2002). 

Cytology. 

The tumor cells, usually numerous, are dispersed. Because of the fragile cytoplasm, they often 
appear as “naked” nuclei with only small wisps or cytoplasm attached. Small, loosely 
structured clusters of tumor cells can also be seen. The cells are generally larger than those 
of a typical seminoma. In contrast to typical seminoma, the nuclei vary markedly in size and 
have irregular contours and coarsely granular, unevenly distributed chromatin. The 
nucleoli are oddly shaped, prominent and often multiple. 
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Mitotic figures may be observed. Breakdown of nuclear material in the form of DNA streaks may 
be noted. Afew lymphocytes are usually present in the background (Fig. 33-21). 




Figure 33-20 Special features of typical seminomas. A Apoorly formed cluster of 
elongated, epithelioid cells, representing a granuloma. B. Amultinucleated giant cell. C. 
“Tigering,” seen in air-dried smears stained with May-Grunwald-Giemsa. Note the large 
nuclei of tumor cells, scattered lymphocytes, and a peculiar striped pattern in the 
background. (C: Courtesy of the late Dr. Torsten Lowhagen, Stockholm, Sweden.) 



Spermatocytic Seminoma 

Patients with this uncommon subtype of seminoma are usually older than those with other 
types. The prognosis is generally very good. Metastases rarely occur (Wheeler, 1989). 
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Figure 33-21 Anaplastic seminoma. A Aspiration smear of metastatic tumor in the 
retroperitoneum. Note the bizarre tumor cells. Also present are capillary vessels. B. 
Testicular tumor composed of sheets of cancer cells showing significantly greater 
variability in configuration than typical seminoma. 



Histologically, the tumor is composed of cells with round nuclei and moderate variation in cell 
size. The cytoplasm is dense and devoid of glycogen. Gland-like structures may be observed 
within the tumor. Lymphocytic infiltration and granulomas are absent. 

Cytology. 

The smears contain numerous mononuclear tumors cells of variable sizes sometimes 
arranged in clusters suggestive of adenocarcinoma (Fig. 33-22). Medium-sized cells are most 
numerous. The cytoplasm is scanty. Occasionally, 
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large binucleated cells may be observed. The nuclei contain conspicuous nucleoli. The smears 
have a clean background. Neither lymphocytes nor other inflammatory cells are observed 
(Lopez and Aranda, 1989). 




Figure 33-22 Spermatocytic seminoma in a 27-year-old patient. A. The smear shows 
cluster of cells of moderate size suggestive of gland formation. The cytoplasm is pale. The 
nuclei contain conspicuous nucleoli. B. The testicular tumor is characterized by formation 
of gland-like spaces by the small tumor cells. (Case courtesy of Dr. Jacek Sygut, Kielce, 
Poland.) 
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Embryonal Carcinomas 

Histology 

In its most common histologic presentation, this tumor is composed of large, anaplastic cells 
growing in solid sheets. However, glandular and papillary patterns are often seen. The tumor 
cells are pleomorphic. The cytoplasm is usually clear or faintly eosinophilic. Cell borders are 
often ill-defined. The nuclei are large, irregular, often vesicular, and provided with large, 
irregular nucleoli. The chromatin frequently appears in large clumps. Mitotic figures, often 
atypical, are numerous. This tumor often appears in combination with other germ cell 
tumors and may be part of a teratoma. 

Cytology 

The smears contain numerous large tumor cells of epithelial-type, occurring singly, but also 
forming small or large, fairly cohesive sheets or clusters, sometimes in papillary or 
glandular configuration. The background usually contains necrotic debris (see Chap. 26, 
describing the presentation of metastatic tumor of this type). The tumor cells have pleomorphic, 
often vesicular nuclei with irregular nucleoli. The cytoplasm is variable, often scanty and 
usually poorly preserved. The recognition of this tumor type and its separation from seminomas 
is usually rather simple because of the presence of cell aggregates that virtually never occur 
in seminomas, except in spermatocytic type (see Fig. 33-22). Air-dried smears, stained with 
May-Grunwald-Giemsa or related stains, often shows a “tigroid” background, described for 
seminoma (Linsk and Franzen, 1989). 

Teratomas 

Histology 

These tumors are solid but may form cysts. Several types of tissue, representing two or 
three embryonal layers, are generally found in these tumors which, contrary to their 
ovarian counterpart, are always malignant, regardless of the degree of differentiation. 

The ectodermal layer, as a rule, is represented by squamous epithelium and neurogenic tissue, 
the entodermal layer by gastrointestinal and respiratory tissue, and the mesodermal layer by 
muscle, cartilage, and bone. Avariety of other tumor types, such as seminomas, embryonal 
carcinomas, and choriocarcinomas may be associated with teratomas. The elevation of the 
serum levels of the neoplastic markers of germ cell tumors is common. The elevation of p- 
subunit of human gonadotropin, often observed in testicular teratomas, suggests the 
presence of elements of choriocarcinoma which, however, may be inconspicuous and 
difficult to find. 

Cytology 

At aspiration biopsy, pure teratomas usually are hard on palpation and often resist penetration 
by the needle. The yield of cells is most often small. Cytologic diagnosis of tumor may be 
extremely difficult in such material. It is for this reason that the number of cases described 
is very limited. The best account of these tumors is found in Linsk and Franzen's book (1989). 

When a cystic area of the tumor has been penetrated by the needle, the fluid is usually 
nondiagnostic. Palpation of the testis, after removal of the fluid, reveals a hard mass which, 
on repeated aspiration, yields scanty material composed of fragments of epithelial 
structures, fibroblasts, or fragments of cartilage. We have not observed any such cases. 
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When a teratoma is associated with seminoma, embryonal carcinoma, or 
choriocarcinoma, as is the case in about 30% to 35% of all such tumors, these components 
may predominate in needle aspirates because of their high cellularity and low cohesiveness. 

The teratoma component, therefore, may be unrecognized. This has some clinical 
implications, since survival rates are much higher in pure seminoma than in seminoma- 
teratoma, and are somewhat lower in pure embryonal carcinoma than for the combination of 
this tumor type with teratoma (Nefzger and Mostofi, 1972). 

P.1282 



Other Tumors and Tumorous Conditions 

Yolk sac tumors of testis are extremely rare and do not differ from identical tumors of the 
ovary (see Chap. 16). The serum levels of a-fetoprotein may be elevated. 

Ley dig Cell Tumor 

These usually benign tumors of interstitial or Leydig cells of the testis may occur at any age 
but are uncommon in the very young. The first manifestation of disease may be gynecomastia, 
caused by estrogens secreted by the occult tumors. An exceedingly rare malignant Leydig 
tumor with metastases was described by Powari et al (2002). 

Histologically, the tumors are composed of clusters of large cells with eosinophilic cytoplasm 
and spherical, uniform nuclei. 

In aspiration smears, the tumor cells are uniform and large, with sharply demarcated 
eosinophilic cytoplasm, that may contain brown lipofusein granules and elongated, 
rhomboid Reinke's crystalloids. Jain et al (2001) reported finding the crystalloid in the nuclei 
of tumor cells. We have also seen one such case courtesy of Dr. Subash K. Gupta (Fig. 33-23). 

Sertoli Cell Tumors 

These are very uncommon testicular tumors, composed of tubular structures resembling 
seminiferous tubules, but filled with Sertoli cells. The tumors may be calcified. Pettinato et al 
(1987) described the cytology of one such calcified tumor as composed of large polygonal 
tumor cells next to amorphous deposits of calcium. Terayama et al (1998) described “coffee 
bean nuclei” in a touch preparation of a Sertoli cell tumor, obviously not a specific finding. 

Primary Testicular Lymphomas 

Primary testicular lymphoma is a disease of elderly males. One or both testes can be 
affected. The tumor is usually a high-grade lymphoma that has the propensity to form skin 
metastases, particularly to the lower abdominal wall and thigh. 
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Figure 33-23 Leydig cell tumor with rod-like Reinke's crystalloids. The crystalloids 
are seen in the background of the smear in A and within cells in B. (Photos courtesy of Dr. 
Subash K. Gupta, Kuwait.) 




Figure 33-24 Testicular lymphoma in an 83-year-old man. Note the dispersed 
lymphocytic cells showing variation in size. 



The aspiration biopsy of the affected testis yields a monotonous, dispersed population of 
malignant cells of the lymphoid type, similar to that seen in lymph nodes (Fig. 33-24). The 
differential diagnosis includes seminomas that may have a somewhat similar cytologic 
appearance. However, the cells of seminomas are larger and have the peculiar nuclear 
appearance characteristic of this tumor (see above). Further, with the exception of the rare 
spermatocytic seminomas that may occur in older men, most seminomas are usually observed 
in much younger patients. 

Leukemia 

Leukemia, especially acute lymphoblastic leukemia of childhood, commonly involves the 
testis. This involvement may be found at the time of the first diagnosis or during clinical or 
subclinical relapses after treatment. For reasons unknown, spinal fluid and the testis are 
sanctuaries for leukemic cells that may persist in spite of effective chemotherapy (see Chap. 

27). Testicular relapses may become a major problem in many of these patients. The 
diagnosis is usually established on clinical grounds. Occasionally, however, the diagnosis 
requires confirmation and the aspiration 
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biopsy appears to be a safe and reliable alternative to an open biopsy in the evaluation of these 
patients (Rupp et al, 1987; Layfield et al, 1988; Akhtar et al, 1991). 

Aspirates of leukemic infiltration of the testis are highly cellular, yielding numerous leukemic 
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cells (see Chap. 27). The morphology of these cells depends on the type of leukemia. Normal 
testicular elements (spermatogenic cells and Sertoli cells) may be seen in such aspirates, 
occasionally intermingled with leukemic cells. 

Paratesticular Tumors 

Adenomatoid tumor is the most common paratesticular tumor, usually localized in the 
epididymis. The tumor may also occur in the tunica albuginea or in the spermatic cord. This 
benign tumor, probably of mesothelial origin, is composed of cords and rows of cells 
admixed with tubular and angiomatoid structures in a fibrous stroma. We have not seen an 
aspiration biopsy of this tumor. 

As described by others, the smears contain sheets of epithelial cells and clusters of 
monomorphic cells with round or oval nuclei and inconspicuous nucleoli. The cytoplasm is clear 
and vacuolated in Papanicolaou stain and stains pink with Giemsa stain. “Naked” nuclei and 
fragments of stroma can also be seen (Zajicek, 1979; Perez-Guillermo et al, 1989). 

Desmoplastic small round cell tumor of tunica vaginalis testis was described by Lamovec 
and Zakotnik (2001). For description of histology and cytology of this tumor, see Chapter 26. 
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34 

The Skin 

HISTORICAL OVERVIEW 

The skin and its adnexa are easily sampled by “shave” or excisional biopsies, which are usually 
interpreted by tissue pathologists. Therefore, cytologic techniques, which require special skills 
of sampling and interpretation, are not widely used. It is of historical interest, though, that the 
term biopsy was coined by a French dermatologist, Ernest Besnier in 1879 (Besnier, 1879; 
Nezelof et al, 2001 ). Also, the German dermatologist, Hirschfeld (1912) first reported the use of 
a small caliber (thin or fine) needle for cell sampling in a case of malignant lymphoma 
of the skin. 

Direct scrape smears are a much neglected field of cytologic diagnosis of skin lesions, 
although there is ample evidence that this approach is rapid, accurate and cost-effective 
(Zoon and Mali, 1950; Hitch et al, 1951; Wilson, 1954; Urbach et al, 1957; Goldman et al, 1960; 
Graham et al, 1961; Selbach and Heisel, 1962; Brown et al, 1979; Canti, 1984). To be sure, 
“scrape” cutaneous cytology requires skilled and dedicated practitioners with considerable 
expertise in the clinical and cytologic aspects of various cutaneous disorders, ranging from 
infectious disorders, bullous disease (such as pemphigus vulgaris), to benign tumors 
and other benign conditions of adnexal glands to cancer. Fine (thin) needle aspiration 
biopsy (FNA) is used by a small number of clinicians and cytopathologists to the diagnosis of 
palpable nodular lesions (Daskalopoulou et al, 1998; David et al, 1998). As in other organs, a 
limitation of this approach is the loss of the tissue patterns that some observers consider 
essential for diagnosis of many skin lesions (Ackerman, 1997). 

In this chapter, the cytologic presentation of common disorders of the skin that may be 
diagnosed either by direct scrape cytology or by FNA will be discussed. 

BRIEF RECALL OF HISTOLOGY 

The skin consists of keratinized squamous epithelium or epidermis and the underlying 
connective tissue or the dermis (see Fig. 5-2). The epidermis, which is similar to other 
squamous epithelia, contains antigen-presenting cells or the Langerhans' cells and the 
endocrine Merkel cells. The dermis contains the sweat- and sebaceous glands and the 
piliary apparatus, i.e., hairs and hair follicles. Al the components of the skin may be affected 
either by inflammatory disorders or by neoplastic disorders that may be either benign or 
malignant. 

Methods of Sampling 
Scrape Smears 

Canti (1984) advocated the use of a double edge dissector, a lightweight instrument that can 
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be used for removal of scrape samples and their spread on glass slides (Fig. 34-1). A variety 
of curettes, or even simple scalpel blades, may also be used for this purpose. In some cases, 
the layer of keratinized superficial cells must be removed from the surface of the lesion. Canti 
(1984) advocated the preparation of two smears, one fixed in alcohol for processing with 
Papanicolaou stain, and one unfixed, stained immediately with methylene blue or Diff-Quik 
stain (Dade Behring Inc., Deerfield, IL) for immediate microscopic diagnosis. In many instances, 
the rapidly stained smear is adequate for diagnosis and saves much time to the patient and the 
dermatologist who can initiate treatment without delay. Several examples of the latter 
techniques can be found in 
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this chapter, courtesy of Dr. G. Canti. The stain preparation techniques are discussed in 
Chapter 44. 
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Figure 34-1 Curette used by Canti for sampling of skin lesions (Canti, 1984). 



Aspiration Biopsies (FNA) 

For aspiration biopsies (FNA) of skin or subcutaneous nodules, a very small caliber needle 
(gauge 22 to 25), with or without syringe, can be used. For description of aspiration techniques 
of superficial skin nodules, see Chapter 28. Smear preparation may be the same, as outlined 
above for scrape smears. Nearly all of the recent reports are based on aspiration biopsies of 
palpable, nodular lesions of the skin and subcutaneous tissues (summaries in Koss et al, 1992; 
Layfield and Glasgow, 1993; Dey et al, 1996). 

INFLAMMATORY DISORDERS 

The skin is the site of numerous inflammatory disorders that require clinical recognition and 
sometimes skin biopsies for diagnosis. Cytologic approaches to this large group of diseases 
have not been explored, except for infectious disorders. 

Infectious Disorders 
Fungal and Parasitic Infections 

Direct smear preparations for infectious disorders of the skin, especially in scaly skin 
lesions, have been in use for many years. The diagnosis of fungus infections of the skin 
(dermatophytosis) is readily accomplished in direct smears using a few drops of potassium 
hydroxide (KOH) to clear the cornified cells (squames) scraped from the surface of a lesion. 
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The smears may be inspected unstained or stained with methylene blue or another rapid stain. 

Fungal hyphae and yeast forms (such as cryptococcus or blastomyces ) may be 
demonstrated. 




Figure 34-2 A. Cryptococcosis of skin. The spherical organisms with a thick capsule form 
single, tear-shaped buds (not shown). B. Molluscum contagiosum. High magnification to 
show molluscum bodies cells filled with masses of viral particles, pushing the nucleus to 
the periphery. (A May-Grunwald-Giemsa [MGG] stain; B: Methylene blue stain.) (B: 
Courtesy of Dr. G. Canti, London, UK.) 



Aspiration biopsies of nodular lesions of the skin caused by fungal organisms have been 
reported. Thus, blastomycosis was reported by Desai et al (1997) and histoplasmosis by 
Stong et al (1994). We observed a case of cryptococcosis of the skin in the form of a 
palpable nodule in a patient with AIDS (Fig. 34-2A). The morphologic features of these 
organsims are discussed in Chapter 19. 

Some parasitic diseases of the skin, such as the mite Sarcoptes scabiei causing a severe 
skin itch known as scabies and Leishmania donovanii, may also be identified in scrape 
smears (Baez-Giangreco et al, 1989; Koss et al, 1992). Kapila and Verma (1989) and Koss et al 
(1992) described filariasis of the skin. African trypanosomiasis (sleeping sickness) can 
also be diagnosed by aspiration of lymph nodes as first reported by Graig and Gray in 1904. 
The disease produces ulcerated skin lesions (chancre). The diagnosis can be established 
on fluid from the chancre (Case Records of the Massachusetts General Hospital, Case 20- 
2002). The harmless small parasite, Demodex folliculorum, a common inhabitant of follicular 
infundibula of face, can also be recognized in scrape smears because of eight protrusions 
known as “sucker feet” and a striated abdomen (Canti, 1984). Kamal and Grover (1995) 
reported on several cases of cysticercosis diagnosed by aspiration of subcutaneous nodules. 
For a detailed discussion of leishmaniasis and cysticercosis, see Chapter 19. 

Bacterial Infections 

Tuberculosis of the skin (known as lupus vulgaris) is now-a-days uncommon. Canti (1984) 
reported the presence of carrot-shaped epithelioid cells and occasional giant cells, 
accompanied by inflammatory exudate, in scrape smears. The same observer reported finding 
epithelioid cells in the uncommon skin manifestations of sarcoidosis. See Chapter 19 for a 
detailed discussion of these disorders. 

The acid fast rods bacillus leprae (leprosy), which may 
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be very numerous in skin lesions of the lepromatous form, can also be recognized in aspiration 
smears (Singh et al, 1996). Other applications of this technique are to subcutaneous 
abscesses or infected cutaneous cysts that may also yield a diagnosis by this simple, rapid 
and inexpensive procedure. A case of intramuscular bacillary angiomatosis was diagnosed 
on thin needle aspiration of a subcutaneous mass in a patient with AIDS (Sanchez and Rorat, 

1996). Besides inflammatory cells, the aspiration smears in this case contained clumps of 
amphophylic granular material containing small bacterial rods demonstrated by silver stain. The 
organisms belonging to the genus Rochalimacea (now Bartonella) are also involved in cat 
scratch disease (see Chap. 31). 

Viral Disorders 
Molluscum Contagiosum 

The large size pox virus infects hair follicles and typically produces multiple umbilicated 
lesions on the surface of the skin which, however, when single, may mimic a basal cell 
carcinoma. Smears of these lesions are easily obtained by squeezing the lesion and expelling 
its core on a slide that may be immediately examined after methylene blue staining (Canti, 

1984). The smears show a large number of “molluscum bodies,” which are squamous cells 
filled with masses of viral particles, displacing the nucleus to the periphery (Fig. 34-2B). 

For comments on herpesvirus infection, see below. 

BULLOUS DISEASES OF THE SKIN 

Tzanck (1947) was the first to advocate the use of fresh smears for differential diagnosis of 
vesiculo-bullous diseases, e.g., bullous pemphigoid, herpesvirus infection, or toxic 
epidermal necrolysis. As discussed at length in Chapters 19 and 21, pemphigus vulgaris 
and its variants, known as pemphigus foliaceus and pemphigus vegetans, can be 
recognized because of numerous, dispersed, peculiar intermediate squamous cells with 
large nuclei and nucleoli (acantholytic cells of Tzank) (Fig. 34-3). The presence of bizarre 
multinucleated cells was emphasized by Tzanck but we have not observed them in our 
material, nor did Canti. Other forms of pemphigus, wherein the bullae are formed within the 
epidermis, such as familial pemphigus, may also show a small number of similar cells (Canti, 

1984). For description of cytologic findings in Darier's disease (that may also occasionally 
form skin vesicles), see Chapter 21 . 




Figure 34-3 Pemphigus vulgaris. A Tzanck's cells with large, pale nuclei and prominent, 
sometimes multiple nucleoli. B. Cross-section of a skin vesicle containing Tzanck's cells. 
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Herpesvirus type I or II and herpes zoster infections form painful vesicles. The cell changes 
caused by these viruses are discussed at length in Chapter 10. Toxic epidermal necrolysis 
and other vesicle-forming lesions do not show any of these disease-specific changes but 
do show necrosis and inflammation (Canti, 1979, 1984). 

RARE BENIGN DISORDERS 

Amyloidosis 

Blumenfeld and Hidebrandt (1993) reported on aspiration of abdominal fat for the diagnosis 
of amyloidosis in 17 patients in whom amyloidosis was clinically suspected. The presence of 
amyloid was documented in 8 patients by apple-green birefringence of amyloid stained with 
congo red. 

Subcutaneous Fat Necrosis of Newborns 

Subcutaneous fat necrosis occurs in infants subjected to various forms of trauma (Silverman et 
al, 1986). Gupta et al (1995) established this diagnosis in aspirated material by observing 

necrotic fat cells and crystals of fatty acids. 

Endometriosis 

Endometriosis in the form of nodules most often occurs in the abdominal wall in young 
women in the area of the umbilicus or in laparotomy scars. Subcutaneous endometriosis 
is an especially important point of differential diagnosis with primary or metastatic tumors 
(Leiman et al, 1986). 

R1289 




Figure 34-4 Endometriosis occurring in the scar of a Caesarian section. A Clusters 
of small, spindly stromal cells (left) and larger glandular cells (right). B. Higher power view 
of a compact cluster of stromal cells. C. Higher power view of glandular cells forming a 
“honeycomb” cluster. Small nucleoli occur in some of the nuclei, a common finding in 
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proliferative phase (see Chap. 13). D. Cell block of the lesion showing endometrial glands 
and stroma. (Case courtesy of Dr. J. Amberson, Dianon Systems, Stratford, CT.) 



The aspirate usually contains two families of cells: larger cells, representing the lining of 
the endometrial glands, and smaller, spindly cells of endometrial stroma (Fig. 34-4). 

Unless close attention is paid to the differences between these two cell populations, erroneous 
diagnoses of metastatic adenocarcinoma have been known to occur, sometimes with 
disastrous results (Ashfaq et al, 1994). The differential diagnosis becomes even more difficult if 
the stromal cells are decidualized, i.e., become large, decidual cells with abundant 
eosinophilic cytoplasm, as described by Berardo et al (1992). The knowledge of clinical history 
is essential in avoiding such errors. 

PRIMARY NEOPLASMS 

The application of cytologic techniques to tumors of the skin and skin adnexae is a natural 
extension of existing diagnostic procedures. In some institutions, scrape preparations have 
been found to be of value in rapid and inexpensive assessment of suspect neoplastic skin 
lesions (summary in Canti, 1984). Palpable nodular skin nodules may be sampled by aspiration 
with the help of very small caliber needles. 

Benign Neoplasms 
Seborrheic Keratoses 

These soft, brown, elevated benign lesions of the sun-exposed skin are usually recognized 
clinically and rarely need biopsy confirmation. Histologically, the lesions show a proliferation of 
basal squamous cells with formation of small cystic areas filled with keratin. Basal cell and, very 
rarely squamous cell carcinomas, may develop in seborrheic keratosis; such lesions may 
become ulcerated and indurated. The diagnostic procedures of these rare lesions are the same 
as for carcinomas, described below. Canti (1979) described the smears as composed of 
nucleated and anucleated squamous cells without specific features. 

Benign Tumors of Skin Adnexa 

Benign and malignant tumors of the endocrine and apocrine sweat glands, hair or piliary 
apparatus are uncommon and show a wide spectrum of histologic patterns (Wick et al, 1985). 

The benign tumors are occasionally aspirated to rule out a primary or metastatic malignant 
tumor. Layfield and Mooney (1998) reported a case of a benign hydradenoma of the skin. We 
have seen a misleading case of clear cell hidradenoma in a young woman with a history of 
treated adenocarcinoma of the uterine cervix that was thought clinically 
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to be a metastasis. The aspirate contained small epithelial cells with hyperchromatic nuclei 
occurring singly and in clusters (Fig. 34-5A-C). The clear cytoplasm of some of the cells 
contributed to the erroneous diagnosis of metastatic adenocarcinoma. Excisional biopsy of the 
nodule disclosed a clear cell hidradenoma (Fig. 34-5D). Courtesy of Dr. G. Canti, we also 
examined a smear of an adenoma of a sebaceous gland. The smear contained a cluster of 
large cells with faintly granular, abundant cytoplasm, resembling fat cells (Fig. 34-6). 
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Figure 34-5 Clear cell hidradenoma mimicking metastatic adenocarcinoma. A-C. 
The aspirate contained spherical or cuboidal cells in small and large clusters. The nuclei, 
although spherical, were hyperchromatic. The cytoplasm of most cells was clear. D. 
Histologic section of the encapsulated tumor, documenting the diagnosis of hidradenoma. 



Fat-containing tumors, known as xanthogranulomas, and occurring mainly in infants and 
children, have been reported (Janney et al, 1991). Besides multiple macrophages, the lesions 
contained multinucleated giant cells (Grenko et al, 1996). 

PHomatrixoma (Calcifying Epithelioma of Malherbe) 

These tumors, which occur mainly but not exclusively in young people, form chalky-white 
subcutaneous nodules, usually located on the face, neck, or upper extremities, sometimes 
underneath pigmented skin. The cytology of this tumor was first described in needle aspirates 
by Woyke et al (1982). The aspirates of these tumors contain small basophilic cells, singly 
and in clusters, admixed with nucleated and anucleated squames, the latter forming 
clusters of yellowish “ghost” cells. Calcified material and foreign body giant cells round 
out the spectrum of features (Fig. 34-7). Numerous errors of diagnosis have been committed in 
the past mistaking pilomatrixoma for squamous carcinoma (Gomez-Aracil et al, 1990; 
Koss et al, 1992; Domanski and Domanski, 1997). In recent reports, the features of 
pilomatrixoma have been better recognized and no errors of identification were made (Viero et 
al, 1999). 
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Figure 34-6 Sebaceous adenoma. The cell cluster is composed of large cells with faintly 
granular cytoplasm, resembling fat cells. (Courtesy of Dr. G. Canti, London, UK.) 
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Figure 34-7 Pilomatrixoma of the upper eyelid. A-C. Aspirate, high magnification. A. A 
cluster of tumor cells with scanty cytoplasm and large vesicular nuclei of fairly even sizes 
with distinct nucleoli. B,C. Tumor nuclei stripped of cytoplasm. Note the distinct large 
nucleoli and evenly distributed chromatin. Some variation in nuclear size may be seen. D. 
Tissue section. The epithelial portion of the tumor consists of cells with vesicular nuclei 
and distinct nucleoli. There is a transition to an area of shadow cells and amorphous 
debris ( bottom ) with pyknotic nuclei (high magnification). (From Woyke S, Olszewski W, 
Eichelkraut A Pilomatrixoma. A pitfall in the aspiration cytology of skin tumors. Acta Cytol 
26:189-194, 1982.) (Reprinted from Koss et al, 1992.) 
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Other Benign Tumors 

From time to time, other benign tumors of soft parts may present as skin nodules. Housini and 
Dabbs (1990) reported a case of a benign perineuroma in a child. We observed nodular 
fasciitis, infantile fibromatosis, benign fibrous histiocytoma and granulation tissue, all 
mimicking skin tumors (Koss et al, 1992). The cytologic presentation of these tumors is 
discussed in Chapter 35. 

Common Malignant Tumors 
Basal Cell Carcinoma 
Clinical Data and Histology 

Basal cell carcinoma is, by far, the most common malignant neoplastic lesion of the skin. The 
tumors occur most often on skin exposed to sun, particularly in areas of solar keratoses which 
must be considered as precancerous lesions (see below). The tumors are recognized 
clinically because they form an elevated area of redness or a pearl-white nodule on the surface 
of the skin. 



2260 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



34 - The Skin 




Figure 34-8 Basal cell carcinoma. A Scrape smears of the tumor yield cohesive 
anastomosing sheets of small cells with peripheral, palisade-like arrangements. B,C. 
Cohesive sheets of small, monotonous tumor cells. Small nucleoli are seen in C. D. 
Histologic appearance of a typical basal cell carcinoma. 



Histologically, the tumors, derived from the basal layers of the epidermis, are composed of 
solid, anastomosing sheets or strands of uniform small cells with spherical nuclei and 
scanty cytoplasm, that usually show peripheral palisading (Fig. 34-8D). Variants of basal cell 
carcinoma include melanin-containing pigmented lesions that may clinically mimic malignant 
melanomas, lesions with elongated, spindly cells, lesions with a squamoid component, and 
rare lesions with a glandular component sometimes mimicking adenoid cystic carcinoma. 

Regardless of histologic patterns, basal cell carcinoma usually grow locally, sometimes forming 
large, ulcerated lesions (rodent ulcer). Rarely, the tumor may form metastases. 

Cytology 

Scrapes or thin-needle aspirates of this group of tumors may yield characteristic cohesive, 
sometimes anastomosing, usually flat sheets or clusters of various sizes, composed of 
small epithelial cells with scanty cytoplasm. The somewhat elongated, sometimes 
columnar, peripheral cells usually form a palisade (Fig. 34-8A). Contrary to normal 
epidermis, intracellular bridges (desmosomes) are absent in basal cell carcinoma. Nuclear 
pleomorphism is usually 
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slight, although visible nucleoli, single cell necrosis, and mitotic figures may occur (Fig. 34- 
8B,C). Variants of basal cell carcinoma may show phagocytized melanin pigment, 
elongated tumor cells, or the presence of mucin in the rare glandular subtype. However, 
the basic structure of cell clusters is the same. Essentially, similar features were reported in 
aspirated samples of primary and in the very uncommon metastatic basal cell carcinoma 
(Malberger et al, 1984; Garcia-Solano et al, 1998; Henke et al, 1998). 
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In aspiration biopsies of skin nodules, the differential diagnosis includes benign and 
malignant tumors of the sweat glands, such as syringoma, or of piliary apparatus, such 
as trichoblastoma, trichoepithelioma, etc. that are morphologically very similar to basal cell 
carcinoma (Wick et al, 1985; Varsa and Jordan, 1990; Layfield and Glasgow, 1993; Dey et al, 
1996). The cytologic differential diagnosis in such cases may be much more difficult, if not 
impossible. It must be stressed, however, that contrary to the superficial, visible basal cell 
carcinomas, the tumors of sweat glands and the piliary apparatus are dermal and, therefore, 
not visible on the surface of the epidermis, unless ulcerated, and not accessible to scrape 
cytology. 

Squamous Carcinoma 
Clinical Data and Histology 

Squamous carcinomas of the skin are much less common than basal cell carcinomas. The 
lesions occur mainly in sun-exposed areas but may occur anywhere, particularly in older 
patients. In pipe smokers, lips may be the site of tumors. In some countries, squamous 
carcinoma of the penis is fairly common (Cubilla, 1 995). A peculiar form of low-grade 
verrucous carcinoma of the penis is the Buschke-Loewenstein giant condyloma, 
discussed in Chapter 11 (see also Schwartz, 1990). The role of human papillomavirus 
infection in the genesis of squamous carcinoma of the skin has received much attention since 
the observation that epidermodysplasia verruciformis (Lewandowsky-Lutz disease), a 
congenital skin disorder leading to squamous carcinoma, has been associated with this virus 
(Majewski and Jablonska, 2002; Majewski et al, 1997). The role of this virus in cancer of the 
penis is the subject of an ongoing debate (recent summary in Dillner et al, 2000). 
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Figure 34-9 Squamous cell carcinoma. A,B. Scrape or aspiration smears contain 
keratinized squamous cells, either with relatively slight nuclear abnormalities (A), or marked 
nuclear enlargement and hyperchromasia ( B ). C. Cancer cells in methylene blue-stained 
smear. D. An example of squamous cell carcinoma with mitotic activity. ( C: Courtesy of Dr. 
G. Canti, London, UK.) 
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In advanced stages, squamous carcinomas present as ulcerated, indurated lesions, often with a 
central crater. Contrary to basal cell carcinoma, squamous cancer of the skin is fully capable of 
forming distant metastases. 

Histologically, the tumors may show varying degrees of differentiation, ranging from fully 
differentiated keratinized tumors forming numerous squamous pearls, to poorly 
differentiated tumors composed of small or spindly cells with only occasional formation of 
keratinized areas or squamous “pearls” (Fig. 34-9D). 

P.1294 



Cytology 

Contrary to basal cell carcinoma, squamous cancers do not form cohesive clusters of small 
cells. The cancer cells are much larger, dispersed, and forming only small, loosely structured 
clusters. In fully invasive squamous carcinoma, the cytologic features depend on the degree of 
tumor differentiation. In well-differentiated cancers, large squamous cells with large 
pyknotic nuclei and keratin shells (“ghost cells”) are common, as shown in Figure 34-9A 
In some of these cancers, the cancer cells with smaller nuclei and abundant cytoplasm 
may mimic normal squamous cells, except for the heavily keratinized cytoplasm. In poorly 
differentiated tumors, the cancer cells are smaller, showing only occasional keratin formation 
in the cytoplasm (Fig. 34-9B,C). In such cases, the precise identification of tumor type may be 
difficult. 

The differential diagnosis includes basal cell carcinomas with squamoid features, 

characterized by cohesive clusters of cancer cells with only focal keratin formation (Koss et al, 
1992) and keratoacanthomas, usually benign, self-healing lesions, occurring mainly on the 
skin of the face (Canti, 1984). However, Hodak et al (1993) described three patients with 
solitary keratoacanthoma with metastases and considered the lesion to be a form of squamous 
carcinoma. Cytologically, the two lesions cannot be differentiated from one another in scrape 
smears (Fig. 34-10). There is no reported experience with keratoacanthoma in aspirated 
samples but it is likely that the difficulty of recognition may be the same. The cytology of 
epidermal inclusion cysts may also be misleading (Layfield and Glasgow, 1993; Biernat and 
Kordek, 1996; Daskalopoulou et al, 1998). In these lesions, squamous cells, singly and in 
small clusters, may show nuclear atypia and may be mistaken for squamous carcinoma, as is 
the case with branchial cleft cysts (see Chap. 30). 

Perhaps the most important point of cytologic differential diagnosis is pilomatrixoma 
(calcifying epithelioma of Malherbe, as discussed above and illustrated in Fig. 34-7.) 
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Figure 34-10 Keratoacanthoma. A. These benign lesions are more rapidly growing but 
mimic low-grade squamous cell cancer. B. Smear from the center of such a lesion showing 
squamous cells with minimal nuclear enlargement. (A Courtesy of Dr. G. Canti, London, 

UK.) 



Precancerous Lesions of the Epidermis 
Solar Keratoses 

Sun-exposed and damaged areas of the skin are prone to the development of precancerous 
lesions that are globally named solar (actinic or senile) keratoses. The lesions are clinically 
visible in the form of areas of redness, with superficial scaling. Histologically, the epidermis may 
show either hypertrophy or atrophy with scattered nuclear abnormalities of epithelial cells. The 
lesions may progress to basal or squamous carcinoma. Lever (1967) considered the lesion 
to be a “14 grade of a squamous carcinoma,” a view now widely shared by other 
dermatopathologists. The natural history of these lesions is difficult to ascertain as most of 
them are now being treated before cancer develops. 

Cytology 

Although solar keratoses should be a target of cytologic studies, as are precancerous lesions 
of other organs, there is very limited experience with these lesions. Canti (1984) observed that 
scraping of solar keratoses was not very productive, yielding only keratinized superficial 
squamous cells and occasionally cells from the deeper epithelial layers that he designated as 
“acanthotic cells.” Nuclear abnormalities that would be crucial in proper classification of the 
smears were rarely visible, most probably because they occur mainly in deeper epithelial layers. 

Bowen's Disease 

This disorder is represented by multiple, somewhat elevated areas of redness occurring on 
areas of the skin not exposed to sunlight. On histologic examination, the lesions show 
marked abnormalities of epithelial cells of the epidermis in the form of nuclear enlargement, 
hyperchromasia, and numerous mitotic figures. The term carcinoma in situ of the skin or 
intraepidermal neoplasia (which on the penis is known as erythroplasia of Queyrat) have 
been applied to these lesions which may progress to invasive squamous cancer if untreated 
(Gerber, 1994; Sober and Burstein, 1995). Similar lesions may occur in a congenital disorder 

R1295 

known as epidermodysplasia verruciformis which is associated with infection with human 
papillomavirus of various types (Majewski and Jabtonska, 2002; Majewski et al, 1997). Also see 
comments above and Chapter 1 1 . 

Cytology 

The experience with cytologic presentation of this disorder is limited to a very few personal 
cases observed over a period of many years. Scrapes of Bowen's disease show nuclear 
abnormalities in small squamous cells, identical to those observed in high-grade 
squamous intraepithelial lesions of the uterine cervix (see Chap. 11). These anecdotal 
observations clearly deserve further investigations as they may represent a good approach to 
the diagnosis of important preneoplasic lesions of the skin, without the trauma of multiple 
biopsies or the “wait and see” approach. 
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Malignant Melanoma 
Clinical Data and Histology 

Malignant melanomas are the most lethal cancers of the skin that occur mainly in fair-skinned 
people in areas exposed to sun (review in Woodhead et al, 1999). Most, but not all, of these 
tumors are pigment-producing. Most melanomas develop from melanocytes in the lower layers 
of the epidermis, sometimes in association with pre-existing pigmented nevi but more 
commonly as a spontaneous event. The melanocytic cells at the epidermis-dermis junction are 
transformed and become ballooned and acquire nuclear abnormalities in the form of 
enlargement and prominent nucleoli. The junctional change in the superficial form of 
melanoma is known as lentigo maligna. The most dangerous and common histologic forms of 
melanoma are those with pleomorphic and large polygonal or spindle cells, associated 
with rapid growth, the so-called “nodular” melanomas, although variants, such as nevus-like or 
“nevoid” small melanomas, balloon cell and giant cell melanoma, may also metastasize 
and kill. 

Melanomas metastasize to regional lymph nodes but may also form blood-borne distant 
metastases to the central nervous system, lung, gut, and liver without any intermediate 
stops, sometimes many years after the removal of the primary tumor. 

The prognostic factors in primary skin melanoma were studied by Clark et al (1969) and by 
Breslow (1970) who observed that tumor thickness was an important indicator of behavior. It 
was subsequently noted that ulceration, proliferation index (Balch et al, 2004) and mitotic 
rate (Sviatoha et al, 2002; Azzola et al, 2003) were also of predictive value. Biopsies of 
sentinal regional lymph nodes were also found to be of assistance in assessing the 
prognosis of the tumor (Essner et al, 1999). 

It is evident that early diagnosis of malignant melanoma may be of critical value to the patient. 
Therefore, most clinically suspicious pigmented skin lesions are excised to determine their 
nature and, if malignant, their stage. The staging of the primary tumor is based on depth of 
invasion with melanoma in situ classified as Tis and tumor infiltrating the dermis for over 4 mm 
as stage T4. To our knowledge, the value of cytologic techniques in the discovery of early 
tumors has not been tested. 

Cytology 

There is relatively limited experience with cytologic diagnosis of primary malignant 
melanoma of the skin. Canti (1984) described the use of scrape smears of suspicious 
pigmented lesions of the skin and emphasized the ease with which cells of malignant 
melanoma can be removed from the surface of the lesions. Canti also stressed that this 
technique of diagnosis is safer for the patient than a tissue biopsy that may conceivably 
contribute to the spread of the tumor (Fig. 36-1 1AB). 

Experience with aspiration biopsies of primary malignant melanoma of the skin is also 
very limited (Woyke et al, 1980; Koss et al, 1992). By the time these tumors develop to the size 
necessary to permit aspiration biopsy sampling, many measure 5 mm or more in thickness 
and may already have metastasized. Nearly all of the aspiration biopsy data reported in the 
recent literature pertains to metastatic melanoma (Rodrigues et al, 2000). Although 
distinguishing primary from metastatic melanoma is not possible in the aspirated sample, there 
is some staging value for patients with melanoma if a new metastasis can be documented 
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(Kline and Kannan, 1982). On the other hand, patients with a prior diagnosis of malignant 
melanoma may develop nodular lesions that are benign or metastases from another 
primary tumor. FNAis an excellent mode of triage among these lesions (Rodrigues et al, 2000). 

The target organs, besides the skin, include the liver, lung, intestine or central nervous system 
(see also comments on eye melanoma in Chapter 41 . 

Malignant melanoma is notorious for the great variability of its cytologic presentation and 
may mimic almost any malignant tumor, as has been repeatedly emphasized in various 
chapters of this book. The common denominator of most, although not all, tumors is the 
presence of melanin pigment in tumor cells. The pigment may be dispersed and finely or 
coarsely granular, obscuring other features of the cells. Still, the diagnosis must be based 
on malignant features of the cells because the presence of pigment alone may be 
misleading. The chief culprit is melanin pigment phagocytized by macrophages, as this 
may occur in a variety of skin disorders not related to malignant melanoma. Basal cell 
carcinomas and other lesions may occasionally shed pigment-containing cancer cells. 

The principal cytologic feature of malignant melanoma is the presence of cancer cells of 
variable sizes and configuration, provided with large nuclei, prominent, often multiple 
large, irregularly-shaped nucleoli, and large intranuclear cytoplamic inclusions, a 
common feature in this group of tumors (Fig. 34-11C,D). Multinucleated giant cells, 
elongated spindly cells, and cells with vacuolated cytoplasm, may be observed (Canti, 

1984; Koss et al, 1992). The most prominent vacuolization of the cytoplasm occurs in the so- 
called balloon cell melanoma and such cells may be mistaken for cells of metastatic 
adenocarcinomas (Koss et al, 1992; Tsang et al, 1993). In a small percentage of cases, cells 
with rhabdoid 

R1296 

features may occur. These cells are large, have large peripheral nuclei, large nucleoli, and 
eosinophilic cytoplasm inclusions, best seen in Papanicolaou stain (Slagel et al, 1997). As 
is so common with other tumors, nuclear grooves may also be observed in cells of malignant 
melanoma (Rollins and Berardo, 1998). 




Figure 34-11 Malignant melanoma of skin. A,B. Acase of early melanoma diagnosed by 
scrape smear of the pigmented skin lesion. A The pigmented tumor cells have large, 
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clearly abnormal hyperchromatic nuclei. B. The corresponding skin lesion is a superficial 
melanoma with junctional change. C,D. In another case, high magnification showing bizarre 
pigmented spindly cancer cells ( C ) and melanoma cells with large nuclei, many containing 
sharply demarcated clear zones, the intranuclear cytoplasmic inclusions ( D ). ( A,B : 

Courtesy of Dr. G. Canti, London, UK; C,D: Courtesy of Prof. S. Woyke, Warsaw, Poland.) 



In the absence of pigment, the cells of amelanotic malignant melanoma may be mistaken for 
metastatic carcinoma or even large cell lymphoma (Gupta and Lallu, 1997). The documentation 
of the true nature of the cells may require immunocytologic confirmation (see Chap. 45). 

Dys plastic Nevi 

Dysplastic nevi are common pigmented lesions of the skin with “fuzzy” borders, usually more 
than 5 mm in diameter. Histologically, the lesions show a proliferation of melanocytes at the 
base and within the epithelium. The lesions confer a markedly increased risk of malignant 
melanoma (Naeyaert and Broches, 2003). DNAploidy analysis of these lesions failed to 
differentiate between potentially benign and potentially malignant dysplastic nevi (Sangueza et 
al, 1993). 

There is virtually no experience with cytology of these lesions, except for limited data provided 
by Canti (1984). Energetic scraping of the surface resulted in cohesive clusters of epithelial 
cells without nuclear abnormalities. Canti stressed that these findings may be deceptive 
and may conceal a melanoma in the deeper epithelial layers. 

Merkel Cell Carcinoma (Primary Neuroendocrine Carcinoma of Skin) 

Clinical Data and Histology 

These uncommon neoplasms are highly malignant because of rapid vascular invasion and 
metastases, even when the primary lesions are only a few millimeters in diameter. These 
tumors, first descibed as trabecular carcinomas of the skin by Toker (1972), arise from 
neuroendocrine cells in the epidermis, known as Merkel cells, in elderly or immunosuppressed 
patients. Histologically, the tumors are composed of trabecular sheets or nodules of 
monotonous, small, cohesive epithelial tumor cells with finely granular chromatin and frequent 
mitotic figures (Fig. 34-1 2B). The neuroendocrine differentiation of these tumors can be 
documented by ultrastructural studies that revealed numerous membrane-bound, 
cytoplasmic, dense core granules, and by cytochemistry with chromogranin, neuron-specific 
enolase, and synaptophysin. 
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Figure 34-12 Merkel cell tumor. A. High magnification of aspiration smears of a lesion of 
skin, stained for keratin to show the perinuclear deposits of intermediate filaments or 
intermediate filament buttons (red) in cells with scanty cytoplasm. B. Biopsy of the same 
lesion showing sheets of small tumor cells with foci of inflammatory cells. (Case courtesy of 
Prof. W. Domagala, Szczecin, Poland.) 



Cytology 

The tumor can be studied only in aspiration smears wherein the tumor cells are either 
dispersed or form loosely structured clusters, sometimes forming rosettes (Fig. 36- 
12A). The cytoplasm is scanty and disintegrates easily with resulting debris and naked nuclei. 
The nuclei are granular, but the nucleoli are either not visible or very small. The most 
characteristic feature of these tumors is the presence of spherical, eosinophilic pink, 
cytoplasmic inclusions that are located near the nuclei or within nuclear indentations, 
described as “dot pattern” by Collins et al (1998). The inclusions are composed of 
intermediate keratin filaments (IF buttons) and are best documented with antikeratin 
antibodies, such as cytokeratin 20 (Domagala et al, 1987). Even if the IF buttons cannot be 
demonstrated, a careful examination of the nuclei will disclose the presence of indentations in 
the nuclear membrane that may be diagnostically very helpful. 

The differential diagnosis of Merkel cell carcinomas includes metastatic oat cell 
carcinoma, metastatic carcinoids, malignant lymphomas, and occasionally other 
tumors such as melanomas composed of small cancer cells and, very remotely, basal 
cell carcinoma that may be composed of cells of similar sizes. Except for basal cell 
carcinoma that forms cohesive clusters of cells, all other tumors show dispersed 
cancer cells. The differential diagnosis was very difficult prior to the discovery of the IF buttons 
(Pettinato et al, 1984). However, the presence of IF buttons is usually conclusive as a unique 
morphologic feature of Merkel cell carcinoma. It has also been proposed that Merkel cell 
carcinoma can be differentiated from other morphologically similar neoplasms by negative stain 
with thyroid transcription factor 1 which identifies tumors of thyroid and bronchogenic origin 
(Cheuk et al, 2001 ; Leech et al, 2001 ). 

Malignant Lymphomas 

Primary malignant lymphomas of the skin are mainly T-cell lymphomas, known as mycosis 
fungoides and Sezary's syndrome. Also, the CD30-positive, large cell lymphoma (Ki 
lymphoma) often has cutaneous manifestations (Macgrogan et al, 1996). Recently, patients 
with blastic natural killer cell and other cytotoxic lymphomas have been described as a 
separate category (summary in Massone et al, 2004). The skin lesions have no specific 
histologic or cytologic features. Tani et al (1999) described the cytologic features of plasma 
cell neoplasms, several presenting as subcutaneous nodules. All these entities are discussed 
in Chapter 31. 

Uncommon Primary Tumors of Skin and Adnexa 

The repertoire of uncommon tumors of the skin and adnexa is large and of limited interest to 
the cytopathologist. Sporadic descriptions of unusual tumors of the skin and skin adnexa have 
appeared in the literature as case reports. 
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Thus, lymphoepithelioma-like carcinoma of the skin is similar in many ways to the 
carcinoma of the nasopharynx and possibly related to Epstein-Barr virus infection (Lind et al, 

1999). The cytology of this tumor has been described by Chen (1999) as a mixture of 
epithelial cancer cells and lymphocytes, matching the findings in the nasopharynx (see 
Chap. 21). 

Blandamura et al (1997) reported a case of metastatic porocarcinoma, a very uncommon 
tumor of sweat glands. 

Tumors of soft tissues may mimic tumors of skin and adnexa. Tumors of nerves, mainly 
schwannomas (neurilemomas) may occasionally occur in the skin (McMenamin and 
Fletcher, 2001 ). For description of cytology of these tumors, see Chap. 33). We have also 
observed a number of other malignant tumors of soft parts, masquerading as skin 
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tumors. Among them were myxoliposarcomas, rhabdosarcomas, and single cases of 
alveolar soft part sarcoma, mimicking a metastatic carcinoma and leiomyosarcoma. These 
tumors are described and illustrated in Chapter 35. 
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Figure 34-13 Kaposi's sarcoma of palate. A A small cluster of spindly cancer cells in a 
background of blood. B. Histologic section of the same tumor in subepithelial location. Note 
prominent vascular channels lined by cuboidal endothelial cells and surrounded by sheets 
of spindly fibroblasts. The latter are the cells seen in smears. (Case courtesy of Dr. Britt- 
Marie Ljung, San Francisco, CA.) 



Kaposi's sarcomas occur in two forms: cutaneous and disseminated, the latter being endemic 
in parts of Africa (Antman and Chang, 2000). The tumors may be aspirated, particularly in 
patients with AIDS. The smears are bloody but may contain small clusters of spindly cancer 
cells (Fig. 34-13). The rare cutaneous epithelioid angiosarcomas may mimic a metastatic 
carcinoma because of large size of cancer cells (Abele and Miller, 1982; Fletcher et al, 1991; 

Ng et al, 1997; Minimo et al, 2002). 



METASTATIC TUMORS 

From time to time, skin and subcutaneous tissue metastases may occur with almost any primary 
cancer (Koss et al, 1992; Reyes et al, 1993; David et al, 1998; Gupta and Naran, 1999). 
Perhaps the most frequent use of aspiration biopsy on cutaneous lesions, however, is in the 
diagnosis of recurrent mammary carcinoma in mastectomy scars (Fig. 34-14). In this 
setting, the main differential diagnosis is among scar keloid, stitch abscess, inclusion cyst, 
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subcutaneous endometriosis (discussed above), and cutaneous metastasis. The 

dispersed malignant cells are readily recognized (see Chap. 29). In difficult cases, a 
comparison with the previous aspiration or surgical biopsy is advisable. Among many 
other metastatic tumors of various origins, we observed an exceptional case of a 
neuroblastoma in an 18-month-old boy. The small cancer cells formed conspicuous rosettes 
(Fig. 34-1 5A) that were shown to contain slender neurofilaments (Fig. 34-1 5B). 







Figure 34-14 Metastatic mammary carcinoma in mastectomy scar. Small, dispersed 
cancer cells with scanty cytoplasm and nuclei of variable sizes, comparable to the lobular 
carcinoma that was previously excised. 



Sister Mary Joseph's Nodule 

Sister Mary Joseph, working at the Mayo Clinic at the turn of the 20th century, observed that 
nodules in the area of the umbilicus may represent metastatic cancer (excellent 
summary in Schneider and Smyczek, 1990). The most important source of these metastases is 
ovarian cancer but other intraabdominal cancers may cause the lesion. In our small series, 
cancers of the colon, pancreas and lung were represented (Fig. 34-16) (Hoda et al, 1997). 

Grunewald et al (1996) described a case of a malignant carcinoid tumor with umbilical 
metastasis. Cytologic recognition of cancer cells in the aspirate is easy. Lopez and Rodil (1998) 
reported that benign umbilical cysts can mimic Sister Mary Joseph's nodule. 
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Figure 34-15 Metastatic neuroblastoma in an 18-month-old boy. A Small cancer cells 
forming a conspicuous rosette. B. Under oil immersion, slender neurofilaments may be 
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Figure 34-16 Sister Mary Joseph's nodules. A Smear of an umbilical nodule showing a 
sheet of epithelial cancer cells surrounding a psammoma body, consistent with metastatic 
ovarian serous carcinoma, shown in B. C. Smear of an umbilical nodule showing sheets of 
tall, columnar cancer cells, consistent with metastatic colonic carcinoma, shown in D. (. A,B : 
Case courtesy of Dr. Joan Cangiarella, New York University, New York, NY; C,D: Case 
courtesy of Dr. Rana Hoda, Charleston, SC.) 
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Soft Tissue Lesions 

Bogdan Czerniak 
Tomasz Tuziak 

Soft tissue tumors and tumor-like conditions, a highly heterogeneous group of lesions, are 
classified on the basis of their overall microscopic appearance, tissue differentiation pattern, 
clinical presentation, and biologic potential. In general, they are classified into several major 
histogenetic categories according to their exclusive or dominant lineage differentiation pattern. 
Within each major histogenetic category, the lesions are further separated into benign and 
malignant tumors. Benign tumors have limited local growth potential. They typically grow in a 
noninvasive expansile fashion and in the vast majority of cases can be eradicated by 
conservative excision. In contrast, malignant soft tissue tumors or sarcomas are at least 
locally aggressive and grow in an invasive, destructive fashion. Clinical behavior of these 
tumors is characterized by continuous growth with multiple local recurrences and, sometimes, 
distant metastasis. The clinical aggressiveness varies among different categories of malignant 
tumors and even among individual tumors of the same class. As a group, sarcomas are 
characterized by a relatively high incidence of distant blood-borne metastases primarily to the 
lungs, but some of them may initially metastasize to regional lymph nodes. 

Soft-tissue sarcomas are less common than epithelial malignancies and constitute less than 1% 
of human cancers. Over the 15-year period of 1973-1987, 19,684 sarcomas were reported to 
the National Cancer Institute's Surveillance Epidemiology and End Results Program, and more 
than half of them (10,034 cases) arose in soft tissue. The incidence rates calculated on the 
basis of these data show gradual increases in relation to age. The overall age-adjusted 
incidence rate is 2.4 and 1.6 per 100,000-individuals for males and females respectively. 
Malignant fibrous histiocytoma (20% of all soft tissue sarcomas) is the most frequently 
diagnosed sarcoma followed by liposarcoma (18.3%), leiomyosarcoma (8.8%), fibrosarcoma 
(8.0%), rhabdomyosarcoma (6.7%), Kaposi's sarcoma (3.4%), synovial sarcoma (3.9%), and 
malignant peripheral nerve sheath tumor (3.6%). Median age at diagnosis for all soft tissue 
sarcomas is 54.8 years for males and 55.3 years for females. 

The clinical course of sarcomas varies not only among tumors of different types but also among 
individual lesions of the same type. Therefore, in addition to histologic type, such information as 
grade and stage are important in assessing prognosis. The original grading system proposed 
by Broders (1922, 1939) was based on microscopic features such as (1) cellularity, (2) 
pleomorphism, (3) mitotic activity, (4) necrosis, (5) type of growth (expansive versus invasive). 

In reference to sarcomas two of their microscopic features, i.e., the frequency of mitotic 
figures and the extent of necrosis, are the most important parameters for histologic 
grading. The most frequently used three-tier system separates tumors into a well-differentiated 
category (grade 1) and a poorly differentiated category (grade 3). The intermediate tumors 
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are classified as grade 2 lesions. The frequently used four-tier system shows minimal 
differences between the two lower grades (grades 1 and 2) and two higher grades (grades 3 
and 4). For practical use, the soft tissue sarcomas are frequently divided into two major 
categories, low and high grade. The low-grade category typically signifies a predominantly 
locally aggressive tumor with minimal or no potential for metastases. The lesions designated as 
high-grade tumors typically have a high propensity for distant metastasis. 



Clinical Radiologic 

presentation * ^ features 




Molecular ^ ^ Microscopic 

data features 

Figure 35-1 Analytical approach to diagnosis of soft tissue tumors. The step-wise 
approach in which clinical, radiographic, microscopic, and molecular data are taken into 
consideration in establishing the diagnosis. (Adapted from Dorfman H, Czerniak B. Bone 
Tumors, St. Louis, Mosby, 1998.) 



In this chapter we retain the conventional approach to the classification of soft tissue sarcomas, 
dividing them into several major histogenetic categories based on their overall microscopic 
appearance, tissue differentiation pattern, and biologic potential. We advocate a multimodal 
approach, graphically depicted as the so-called diagnostic quadrangle, which describes a step- 
wise analysis in which four distinctive data sets — clinical, radiographic, microscopic, and 
molecular — are considered to establish the diagnosis and treatment plan (Fig. 35-1). Such step- 
wise analysis is more likely to lead to consistency and accuracy than an intuitive approach 
based on fragmentary data. 

BIOPSY TECHNIQUES OF SOFT TISSUE LESIONS 

Planning biopsies of soft tissue lesions is a complex procedure, as it must take into account the 
technical aspects of definitive surgery. Inappropriately performed biopsies can complicate 
subsequent surgery or even eliminate some treatment options. For example, an incorrectly 
placed biopsy incision may make optimal limb-sparing procedures impossible because of the 
danger of tumor seeding at planned excision margins. The ideal approach begins with 
preoperative consultations among the surgeon, medical oncologist, radiologist, and pathologist 
to understand the clinical setting and to establish the optimal diagnostic and therapeutic plan. 
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Frequently, needle aspiration cytology, under the guidance of radiographic imaging 
techniques, is used as a preliminary diagnostic approach that is particularly valuable when 
the lesion is not readily accessible to open biopsy. Unfortunately, in many instances, the 
aspirated samples do not provide sufficient material for final diagnosis. The lesions that are 
extremely difficult or even impossible to diagnose from limited material provided by fine needle 
aspirations or core needle biopsies require open incisional or excisional biopsy. 

Cytological preparations such as touch smears, scrapes, or needle aspirations can assist in the 
intraoperative assessment of open biopsy material and can provide valuable information on the 
morphology of individual cells and the architecture of cell clusters not distorted by freezing 
artifacts. At the time of preliminary examination of material obtained by closed or open biopsy 
technique, a decision must be made as to whether the specimen requires some additional 
diagnostic procedures such as immunochemistry electron microscopy, cytogenetics, or other 
molecular analysis. 

FUNDAMENTALS OF MOLECULAR BIOLOGY OF SOFT TISSUE TUMORS 

During the last two decades our knowledge of the molecular events responsible for the 
development and progression of human tumors, including those that arise in the soft tissue, has 
dramatically increased because of numerous technological developments (Busam and Fletcher, 

1997). The application of these techniques to the study of soft tissue tumors has led to a 
significant increase in new information about the molecular mechanisms responsible for 
malignant transformation of these rare, poorly understood neoplasms (Anderson et al, 1999; 

Argatoff et al, 1996). 

The molecular regulation of mesenchymal cell differentiation is only superficially known. All of 
the five major lineages of mesenchymal origin (chondroblastic, osteoblastic, lipoblastic, 
muscular, and fibroblastic) originate from pluripotential mesenchymal cells. Some of the major 
master genes responsible for triggering lineage differentiation for pluripotential mesenchymal 
cells are shown in Figure 35-2. These genes trigger the activation of lineage-specific genes 
responsible for unique phenotypic change of responsive cells (Rodan and Harada, 1997). The 
myoD gene serves as a paradigm of such master regulators, causing expression of genes 
characteristic of the muscle phenotype. 

Unique phenotypic features of distinct mesenchymal lineages and their tumors aid in the 
classification of soft tissue neoplasms. Unfortunately, the tumors that originate from individual 
lineages do not always exhibit the same phenotype. A good example of such an abnormal 
phenotype is a rare expression of cytokeratins in Ewing's sarcoma/PNET or characteristic 
coexpression of desmin and cytokeratins in small cell desmoplastic tumor. Therefore, the 
classification of the tumor on the basis of its phenotypic features by immunohistochemistry is 
complex and requires knowledge not only of normal phenotype of each individual mesenchymal 
lineage but also of a large array of aberrant features found in individual tumor types. The 
purpose of this summary 
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is to present the diagnostic impact of various molecular features on the differential 
diagnosis of soft tissue tumors. 
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Pluripotential 

mesenchymal cell Chondfoblam 




Figure 35-2 Master genes responsible for lineage differentiation for pluripotential 
mesenchymal cells. MyoD gene causes myogenic differentiation by induction of 
myogenin, myf-5, MRF4, and MEF2 genes. PPAR y2 (peroxisome proliferation activator 
receptor y2) is responsible for adipocyte differentiation. CBFA1 and OSX by induction of 
osteopontin and osteocalcin genes are master regulators for osteoblastic differentiation. 
Sox9 is responsible for chondroblastic differentiation and is up-regulated in 
prechondroblastic mesenchymal condensation. Moreover, inactivation of OSX diverge 
preosteoblastic cells towards chondroblastic lineage. (Modified from Rodan GA, Harada SI. 
The missing bone. Cell 89:677-680, 1997). 



Many soft tissue sarcomas exhibit pronounced aneuploidy with alterations of multiple 
chromosomes. However, in contrast to more common epithelial neoplasms, the soft tissue 
tumors have a high incidence of specific chromosomal translocations associated with 
formation of novel tumor-specific chimeric genes (Fletcher et al, 1991a; May et al, 1993; 

Sandberg and Bridge, 1994; Sreekantaiah et al, 1994; 

R1305 

Ladanyi, 1995). The specificity of these translocations and their gene products is becoming an 
integral part of the diagnostic work-up of some soft tissue neoplasms. These features are 
especially helpful in cases that are histologically, pathologically, and clinically equivocal 
(Ladanyi and Gerais, 1994; Panagopoulos et al, 2002; Sandberg and Bridge, 2002). 

Diagnostically valid chromosomal translocations and their associated chimeric genes are 
summarized in Table 35-1. More detailed discussion of these translocations is provided under 
sections devoted to specific tumors. 



TABLE 35-1 CHROMOSOMAL TRANSLOCATION AND GENE REARRANGEMENTS IN 

SOFT TISSUE SARCOMAS 



Tumor Type 



Cytogenetics Genes Involved 



EWS/PNET 



t(11;22) (q24;q12) FLI-1-EWS 
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t(21;22) (q22;q12) 


ERG-EWS 




t(7;22) ( P 22;q12) 


ETV1-EWS 


Desmoplastic small round cell tumor 


t(11;22) (q13;q12) 


WT1-EWS 


Extraskeletal myxoid chondrosarcoma 


t(9;22) (q22;q12) 


CHN-EWS 




t(9; 1 7) (q22;q11) 


TEC-TAF2N 




t(9;15) (q22;q21) 


TEC-TCF12 


Clear cell sarcoma 


t(12;22) (q13;q12) 


ATF-1-EWS 


Alveolar rhabdomyosarcoma 


t(2; 1 3) (q35;q14) 


PAX3-FKHR 




t(1 ; 1 3) (p36;q14) 


PAX7-FKHR 


Myxoid and round cell liposarcoma 


t(1 2; 1 6) (q13;p11) 


CHOP-TLS 




t(12;22) (q13;q11) 


CHOP-EWS 


Synovial sarcoma 


t(x; 1 8) (pi 1 ;q1 1 ) 


SSX1-SYT 






SSX2-SYT 



Although chromosomal translocation and the resulting chimeric genes represent prototypic 
diagnostically valid molecular abnormalities found in soft tissue tumors, other less specific 
genetic changes, such as chromosomal deletions or gains, can also be diagnostically useful. A 
selected list of various genetic changes other than translocations found in some benign and 
malignant soft tissue tumors is provided in Table 35-2. 



TABLE 35-2 CHROMOSOMAL ABNORMALITIES OTHER THAN TRANSLOCATION IN 
BENIGN AND MALIGNANT SOFT TISSUE TUMORS 


Tumor type 


Cytogenetic abnormality 


Benign 




Benign schwannoma 


Monosomy 22 




Trisomy 7 

Del of sex chromosome 
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Lipoblastoma 


Rearrangement of 8q 


Lipoma 




Ordinary 


Rearrangements of 6p, 12q, 13q14-15 


Intramuscular 


Rearrangements of 8q, 12q 


Spindle cell/pleomorphic 


Rearrangements of 13q, 16q 


Hibernoma 


Rearrangements of 1 1 q 


Uterine leiomyoma 


t(1 2; 1 4) (q15;q24); del (7q); trisomy 12 




Trisomy 5, 7; t(1;2); t(1;14) 




Del (22q1 1 .2) 


Desmoid 


Trisome 8 and/or 20 




Deletion of 5q 


Schwannoma 


Deletion of 22q 


Malignant 




DFSP 


Supernumerary ring chromosome (chr. 
17, 22) 


Infantile fibrosarcoma 


Leiomyosarcoma 


+ 8, + 11. + 17, + 20 del (Ip) 


Well-differentiated liposarcoma (atypical 
lipoma) 


Ring chromosome 12 


Embryonal rhabdomyosarcoma 


+ 2q, + 8, + 20; del 1 


Mesothelioma 


del (Ip), del (3p), del (22q) + 1, 


MPNST 


Complex karotypes, NF1 inactivation del 
(Ip) 
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Neuroblastoma Monosomies 14 and 22 del Ip 



Gastrointestinal stromal tumor 



DFSP, dermatofibrosarcoma protuberans; MPNST, malignant peripheral nerve sheath 
tumor. 



FIBROUS AND FIBROHISTIOCYTIC LESIONS 

The lesions of fibrohistiocytic tissue can be divided into three major groups: (1) clinically 
benign proliferations that typically do not recur after conservative local excision, (2) ill- 
defined local proliferations with high propensity for local recurrence but virtually no 
metastatic potential, (3) aggressive, fully malignant tumors with high propensity for distant 
metastasis. 

Benign Lesions 
Fibrous Histiocytoma 
Pathology and Histology 

Fibrous histiocytoma is a frequent, benign, slowly growing cutaneous lesion of adults with 
predilection for extremities (Gonzalez and Duarte, 1982; Fletcher, 1990). Less frequently 

P.1306 

it presents as a subcutaneous lesion without skin involvement. It is extremely rare in deep soft 
tissue, parenchymal organs, or bone (Meister et al, 1978b). The vast majority of lesions are not 
larger than 2 cm in diameter. They usually present as solitary flat skin lesions, but in 30% of the 
cases they are multifocal. Approximately 5% to 10% of the lesions recur after simple excision. 

Fibrous histiocytoma grows as a relatively well circumscribed nodule composed of a mixture of 
spindle and plump oval cells arranged in ill-defined fascicles forming a criss-cross pattern. 

Foamy histiocytic cells and hemosiderin deposits as well as multinucleated giant cells with 
peripheral nuclei of Touton type can be present. The lesion is typically separated from the 
overlying epidermis, but its deep aspects may show irregular infiltration of the subcutis. 

Immunohistochemically fibrous histiocytomas express factor Xllla and tinascin, which suggest 
that these tumors arise from dermal dendrocytes (Reid et al, 1986; Cerio et al, 1990). Lack of 
CD34 expression is helpful in distinguishing fibrous histiocytoma from dermatofibrosarcoma 
protuberans, which is consistently positive for this marker (Kamino and Salcedo, 1999). 

Cytology 

Aspirates from fibrous histiocytoma are cellular and contain multiple clusters of tightly packed 
cells. They represent a mixture of plump spindle, oval, or polygonal cells with vesicular 
nuclei and small inconspicuous nucleoli. Rare multinucleated giant cells corresponding to 
Touton cells and foamy macrophages can be also found. Usually there is an admixture of 
inflammatory cells such as lymphocytes and plasma cells. 

Fibromatoses 
Pathology and Histology 
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Fibromatoses comprise a wide spectrum of borderline fibrous tissue lesions involving various 
anatomic sites (Stout, 1961; Allen, 1977). The unifying theme is a multinodular diffuse 
proliferation of well-differentiated fibrous tissue with high propensity for local recurrence but 
virtually no metastatic potential (Fig. 35-3A,B). According to their anatomic location, 
fibromatoses are divided into two major groups: superficial and deep (Burke et al, 1990). 

Palmar fibromatosis is by far the most frequent superficial form of fibromatosis. Originally 
described by Dupuytren, it is still referred to as Dupuytren's contracture (Gabbiani and 
Majno, 1972). Other typical sites of involvement by superficial fibromatoses are the hand 
(palmar fibromatosis), foot (plantar fibromatosis), and penis (penile fibromatosis). Congenital 
fibromatoses and fibromatoses of infancy often affect the head and neck area. 

Deep soft tissue musculo-aponeurotic fibromatoses have predilection for the shoulder, chest 
wall, and thigh (Enzinger and Shiraki, 1967). Desmoid tumor involving the abdominal 
muscular structures of young women during or following pregnancy is a prototypic fibromatosis 
related to trauma (Karakousis et al, 1993). Adistinct group of intraabdominal mesenteric 
fibromatoses is associated with Gardner's syndrome (Naylor et al, 1979). Idiopathic 
retroperitoneal fibrosis is discussed in Chapter 40. 

Cells of fibromatosis express vimentin, and different muscle markers such as smooth muscle 
actin, muscle-specific actin, and desmin. Expression of these markers is variable and depends 
on the degree of myofibroblastic differentiation. Expression of CD117 (c-kit), originally 
considered to be characteristic of gastrointestinal stromal tumor (GIST), is present in nearly 
75% of the cases. In contrast to GIST, fibromatoses are consistently negative for CD34 (see 
Chap. 24). 

Cytology 

Superficial fibromatoses are practically never diagnosed by cytology. Fine-needle aspirations of 
deep lesions are performed in order to rule out high-grade sarcomas. The aspirates contain 
large, three-dimensional fragments of fibrous tissue and sparse isolated fibroblast-like spindle 
cells (Sauer et al, 1997; Pereira et al, 1999; Kurtycz et al, 2000). There is no cytologic atypia or 
mitotic activity (Fig. 35-3C-E) (Liu et al, 1999a). 

Malignant Lesions 
Dermatofibrosarcoma Protuberans 
Pathology and Histology 

Dermatofibrosarcoma protuberans, a tumor of intermediate grade of malignancy, typically 
presents as a cutaneous mass with predilection for the trunk and proximal portions of the 
extremities (Fletcher et al, 1985). It primarily affects individuals during their early or middle adult 
life. Early lesions present as flat indurations of the skin, enlarging to produce a multinodular, 
protruding mass (Burkhardt et al, 1966). The tumor is a locally aggressive lesion with high 
propensity for local recurrence (approximately 50%) and only minimal metastatic potential 
(Burla and Gotz, 1965; Connelly and Evans, 1992; Mentzel et al, 1998). Microscopically it is 
composed of densely packed short spindle cells arranged in a distinct storiform pattern 
that show only minimal nuclear atypia. Tumor diffusely infiltrates the dermis and subcutis, 
creating a very characteristic lace-like pattern at its periphery (Fig. 35-4A.B). In rare instances 
dermatofibrosarcoma protuberans can progress to a low-grade or even high-grade 
fibrosarcoma with malignant fibrous histiocytoma-like features (Mentzel et al, 1998). 
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Surprisingly, several recent studies indicate that this progression does not significantly increase 
the local recurrence rate or metastatic potential. 

Immunohistochemically, dermatofibrosarcoma is characterized by expression of CD34, 
suggesting its origin from CD34-positive dermal dendritic cells (Goldblum and Tuthill, 1997) 
Cytogenetically, dermatofibrosarcoma protuberans is characterized by supernumerary 
chromosomes consisting of amplified sequences from chromosomes 17 and 22. Fusion of the 
PDGFp-chain gene with COL1A1 (collagen led gene) puts the PDGFp gene under control of 
the COL1A1 promoter, creating a novel fusion protein. 
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Figure 35-3 Fibromatosis. A,B. Histologic appearance of fibromatosis. Note uniform 
proliferation of fibroblastic cells showing no atypia and only minimal mitotic activity. C-E. 
Cytologic features of fibromatosis. Note isolated spindly fibroblastic cells with indistinct 
cytoplasm. Benign looking nuclei with evenly distributed chromatin show neither 
hyperchromasia nor nucleoli. 
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Cytology 

Cytologic preparations from dermatofibrosarcoma protuberans are highly cellular and consist 
mostly of large 3-dimensional aggregates of densely packed short spindle cells with 
plump ovoid nuclei and scant cytoplasm (Fig. 35-4C). Atypia is minimal and the nuclei contain 
evenly distributed chromatin with small, inconspicuous nucleoli (Filipowicz et al, 1999). Large 
cellular aggregates may contain prominent, branching capillary vessels surrounded by tightly 
packed tumor cells (Fig. 35-4D). 

Fibrosarcoma 
Pathology and Histology 

The most significant difference between fibromatosis and fibrosarcoma is that the latter is 
capable of metastases (Stout, 1954; Oshiro et al, 1994). Fibrosarcoma is most frequent 
between ages 30 and 50 years and is predominantly found in deep soft tissue of the lower 
extremities (Scott et al, 1989). The characteristic microscopic feature is uniform growth of 
fibroblastic spindle cells with scanty cytoplasm separated by collagen deposits forming 
intersecting bundles reminiscent of herringbone (Fig. 35-5AB). Tumors with admixture of 
inflammatory cells (inflammatory fibrosarcoma), tumors with stromal sclerosis and epithelioid 
change (sclerosing epithelioid sarcoma), and stromal myxoid change (low-grade 
fibromyxoid sarcoma) represent distinct clinicopathologic forms of fibrosarcoma (Evans, 

1987; Meis-Kindblom et al, 1995; Dvornik et al, 1997; Eyden et al, 1998). Fibrosarcoma may 
also affect newborns and infants (congenital or infantile fibrosarcoma), in these cases 
typically arising in the extremities. Histologically they are similar to adult fibrosarcoma but are 
less aggressive (Schofield et al, 1994). 
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Figure 35-4 Dermatofibrosarcoma protuberans (DFSP). A,B. Histologic appearance of 
dermatofibrosarcoma protuberans. Neoplastic cells showing minimal atypia are arranged in 
storiform pattern. Note infiltration of tumor cells among adipocytes of subcutaneous fat. 

C : D. Cytologic features of dermatofibrosarcoma protuberans. Note large, 3-dimensional 
tissue fragments with discernable storiform pattern. The cells have scanty basophilic, 
elongated cytoplasms. The nuclei show evenly distributed chromatin and only small, 
inconspicuous nucleoli. Accumulations of cells around capillary vessels can be seen. 
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Immunohistochemically, fibrosarcoma express vimentin and may show scattered positivity for 
muscle markers (smooth muscle or muscle-specific actin) consistent with myofibroblastic 
differentiation. Negativity for epithelial markers is very useful in differential diagnosis with 
monophasic synovial sarcoma. Some special variants of fibrosarcoma such as sclerosing 
epithelioid type may, however, express epithelial membrane antigen and some neural markers 
including S-100 protein and neuron-specific enolase. 
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Cytology 

Aspirations from fibrosarcoma are highly cellular and consist of loose clusters of spindle cells 
as well as many isolated single cells with elongated scanty cytoplasm and plump oval nuclei. 
The atypia is low to moderate, and the nuclei contain evenly distributed chromatin and 
small nucleoli (Fig. 35-5C,D). A fascicular arrangement of spindle cells is occasionally seen in 
larger clusters (Logrono et al, 1999a). Overall, cytologic features overlap those of other 
spindle cell tumors such as leiomyosarcoma, synovial sarcoma, and peripheral nerve sheath 
tumor (Liu et al, 1999b). 

Malignant Fibrous Histiocytoma 
Pathology and Histology 

Malignant fibrous histiocytoma represents the most common soft tissue sarcoma of late adult 
life (Bertoni et al, 1985; Rooser et al, 1991; Fletcher, 1992). Tumors that belong to this category 
manifest a wide range of histologic appearances and can be subclassified into storiform- 
pleomorphic, myxoid, giant cell, and inflammatory subtypes (Weiss and Enzinger, 1978; 
Enzinger, 1986; Khalidi et al, 1997). The most frequent, the storiform-pleomorphic type, is 
characterized by a mixture of highly atypical spindle and pleomorphic cells arranged focally in a 
storiform pattern. There is usually an admixture of haphazardly scattered, highly atypical, 
multinucleated giant cells. Brisk mitotic activity with numerous atypical mitoses as well as areas 
of necrosis complement an overall highly malignant microscopic appearance of the tumor (Fig. 
35-6A.B). Myxoid subtype is the second most frequent variant of malignant fibrous histiocytoma, 
characterized by prominent myxoid change in the stroma (Fig. 35-7A,B) (Weiss and Enzinger, 
1977; Mentzel et al, 1996). Tumors with a diffuse prominent myxoid change behave less 
aggressively than do other types of malignant fibrous histiocytoma. Giant cell variant contains 
numerous osteoclast-like giant cells, while a significant admixture of inflammatory cells is seen 
in a subset of these tumors referred to as inflammatory malignant fibrous histiocytomas 
(Khalidi etal, 1997). 

Immunohistochemistry has limited application in diagnosis of malignant fibrous histiocytoma. 

The main role for special stains is to rule out specific lineage of differentiation such as 
epithelial, rhabdoid, or melanocytic. 

Cytology 

Aspirates from malignant fibrous histiocytoma are highly cellular and contain obviously 
malignant, highly pleomorphic, cancer cells with eosinophilic cytoplasm arranged in 
large sheets, and small clusters or as individual cells. The cells vary in size and shape. The 
nuclei of the tumor cells show pronounced atypia with irregular clumped chromatin granules 
and prominent nucleoli (Fig. 35-6C.D). Multinucleated giant cells as well as cells with bizarre 
nuclei are common. Cellular debris reflecting tumor necrosis and an admixture of inflammatory 
cells can be present. Tumor cells show brisk mitotic activity — atypical mitoses are easy to find 
(Berardo et al, 1997; Bosch-Princep et al, 2000). 

The myxoid variant of malignant fibrous histiocytoma is characterized by less cellular smears 
and the presence of pinkish myxoid material in the background (Fig. 35-7C-E). A 
characteristic cytologic feature of this tumor is the presence of curved capillary vessels with 
attached neoplastic cells surrounded by a myxoid material (Kilpatrick and Ward, 1999). 

LESIONS OF ADIPOSE TISSUE 
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There are two basic types of adipose tissue: (1) white fat, which is predominantly located in 
the subcutaneous tissue and retroperitoneum, and (2) brown fat, which is typically found in the 
interscapular and neck regions. White fat is a source of energy and functions as a mechanical 
protection for other tissues. Infants and children have a substantial amount of brown fat, but it 
undergoes involution with increasing age. Adipocytes of white fat are polygonal cells 
containing a single large globule of fat that displaces the nucleus to the periphery of the 
cytoplasm. The cells of brown fat are smaller and contain a centrally located nucleus 
with fat deposited within the cytoplasm in multiple small droplets. Lipoma and liposarcoma 
are the prototypic tumors of adipose tissue. 

Cells of both benign and malignant fatty tumors stain for vimentin and S-100 protein. Since 
these markers are expressed in many different soft tissue tumors, they are of little help in the 
differential diagnosis of lipomatous lesions. 

Lipoma 

Pathology and Histology 

Lipomas, which are almost exclusively found in adults, have a strong predilection for men 
(Brasfield and Das Gupta, 1969). They can be solitary or multiple and most frequently involve 
the subcutaneous adipose tissue. They are practically never seen in the face or scalp regions. 
Subcutaneous lipomas are well-circumscribed lesions. Less frequent, deeply located 
intermuscular lipomas show diffuse infiltration of skeletal muscles. Lipomas may show distinct 
microscopic features such as prominent vascular structure (angiolipoma), smooth muscle 
(myolipoma), a combination of smooth muscle and vessels (angiomyolipoma) (Belcher et al, 

1974; Argenyi et al, 1991), a mixture of hematopoietic elements and adipose tissue 
(myelolipoma) (Chen et al, 1982), a chondroid appearance of adipose tissue (chondroid 
lipoma) (Meis and Enzinger, 1993), prominent multinucleated and spindle cells (spindle cell 
lipoma, pleomorphic lipoma) (Shmookler and Enzinger, 1981; Azzopardi et al, 1983; Fletcher 
and Martin-Bates, 1987; Digregorio et al, 1992), or immature adipose tissue (lipoblastoma) 

(Bolen and Thorning, 1984). 
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Figure 35-5 Fibrosarcoma. A,B. Histologic appearance of fibrosarcoma. Note densely 
packed neoplastic cells arranged in long fascicles. Spindle sarcomatous cells show 
hyperchromasia and mitotic figures. C,D. Cytologic features of fibrosarcoma. Note 
variability in cellular size. Nuclear hyperchromasia and nucleoli are evident. Inset shows 
sarcomatous spindle shaped cell. Note the nucleus with unevenly distributed chromatin. 
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Figure 35-6 Malignant fibrous histiocytoma (MFH) — storiform pleomorphic type. 

A,B. Histologic appearance of storiform-pleomorphic type of MFH. Note storiform 
arrangement of pleomorphic sarcomatous cells. Inset shows histologic details of 
pleomorphic cells. C,D. Cytologic features of malignant fibrous histiocytoma. Note extreme 
pleomorphism with pronounced nuclear hyperchromasia and distinct nucleoli. Insets show 
cytologic details of multinucleated malignant cells. 
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Figure 35-7 Malignant fibrous histiocytoma (MFH) — myxoid type. A,B. Histologic 
appearance of myxoid type of MFH. Note myxoid change in the stroma and accumulation 
of highly pleomorphic cells in the vicinity of the capillary vessels. Inset shows histologic 
details of tumor cells. C-E. Cytologic features of myxoid type of MFH. Smears are not as 
cellular as in pleomorphic storiform type, and cells show less atypia. Note myxoid material 
in the background. Inset shows group of tumor cells with distinct nucleoli. 
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Ordinary lipomas exhibit three major types of cytogenetic abnormalities, involving 
rearrangements of the following chromosomal regions: (1) 12q14-15, (2) 6p21, and (3) 13q12- 
q14 (Sciot et al, 1997; Willen et al, 1998). The most frequently rearranged region, 12q14-15, 
involves a cluster of closely related genes coding for high-mobilitygroup (HMG) proteins. The 
three members of this superfamily (HMGIC, HMGI, and HMGIY) map to the 12q14-15 region 
and are frequently involved in translocations that result in overexpression of chimeric products 
of these genes (Fletcher et al, 1996). 
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Cytology 

Aspiration cytology has little value in the diagnosis of superficial lipomas but may be helpful in 
elucidating the nature of tumors in unusual locations. Aspirations from conventional lipomas 
contain scanty cellular material consisting of fragments of mature adipose tissue, composed 
of mature adipocytes, described above. 

Liposarcomas 

Well-Differentiated Liposarcoma 
Pathology and Histology 

Well-differentiated liposarcoma is the most common form of liposarcoma in adults in their sixth 
to seventh decades of life. It is most frequently found in deep soft tissue of the extremities and 
retroperitoneum (Enzinger and Winslow, 1962; Bolen and Thorning, 1984). Well-differentiated 
liposarcomas, also referred to as atypical lipomatous tumors (Fig. 35-8A,B), are locally 
aggressive, nonmetastasizing lesions with a high propensity for local recurrence after excision 
(Evans, 1988; Weiss and Rao, 1992). 

Well-differentiated liposarcomas are microscopically similar to benign lipomas. The 
distinguishing feature is the presence of scattered cells with atypical hyperchromatic 
nuclei (Evans, 1979). These cells have a tendency to cluster around fibrous septa. In a typical 
well-differentiated liposarcoma, these cells are easy to find, but occasionally such tumors may 
contain large areas of mature adipose tissue indistinguishable from lipoma. In such instances 
generous sampling of the tumor and careful microscopic evaluation are required to identify the 
few scattered atypical fat cells (Weiss, 1996). 

Approximately 5% to 15% of well-differentiated liposarcomas lose their adipose tissue 
phenotype after many local recurrences and progress to a high-grade sarcoma with 
malignant fibrous histiocytoma-like features (Weiss and Rao, 1992). A dedifferentiated, high- 
grade sarcomatous component of the tumor may sometimes show a phenotypic switch to 
osteosarcoma, leiomyosarcoma, or even rhabdomyosarcoma (Salzano et al, 1991; Henricks et 
al, 1997). 

Well-differentiated liposarcomas are characterized by supernumerary ring chromosomes 
containing amplified sequences derived from different chromosomes, particularly from 
chromosome 12 (Fletcher et al, 1996; Rosai et al, 1996). About 60% of well-differentiated 
liposarcomas contain giant ring chromosomes with amplified sequences of MDM2, SAS, GUI, 
and HMCGI-C genes. 

Cytology 

Cytologic preparations of well differentiated liposarcoma are quite cellular and contain 
numerous oval fat cells that differ in size. Lipoblastic cells with multivesicular cytoplasm 
and usually peripheral hyperchromatic nuclei containing prominent nucleoli are typically 
present (Fig. 35-8C) (Nemanqani and Mourad, 1999; Wu et al, 1999). Scalloping of the nuclei 
by fat globules can be seen in some lipoblastic cells (Fig. 35-8D) (Dey, 2000). Extremely well- 
differentiated tumors can be cytologically indistinguishable from benign lipoma. 

Myxoid and Round Cell Liposarcoma 
Pathology and Histology 
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Microscopically, a myxoid liposarcoma is composed of primitive mesenchymal cells showing 
signs of early lipogenesis and a minor population of more mature lipoblastic cells loosely 
arranged in a myxoid stroma (Lai et al, 1991). The presence of a network of curved 
plexiforme capillary vessels is a characteristic and diagnostically important feature of these 
tumors (Fig. 35-9A,B) (Bolen and Thorning, 1980). A round cell liposarcoma represents 
progression of myxoid liposarcoma and sometimes is referred to as its hypercellular variant 
(Kilpatrick et al, 1996a). It is characterized by the presence of densely packed primitive 
mesenchymal cells with a relatively minor population of lipoblastic cells. Areas of round cells are 
usually found in an otherwise typical myxoid liposarcoma. Tumors composed entirely of round 
cells are less frequent. 

At the cytogenetic and molecular levels, myxoid and round cell liposarcomas are closely related 
and carry a unique (12:16) (q13;p11) reciprocal translocation resulting in the formation of a 
chimeric CHOP-TLS gene (Fig. 35-1 0A) (Knight et al, 1995; Kuroda et al, 1995; Tallini et al, 

1996). In approximately 10% of cases an alternative (12; 22) (q13; ql 2) translocation involving 
CHOP and the 5' end of the EWS gene mapping to ql 2 region on chromosome 22 can be 
detected (Panagopoulos et al, 1996). CHOP is a transcription factor that belongs to the C/EBP 
family. Both CHOP and TLS-CHOP fusion proteins form dimers with C/EBP proteins. The TLS- 
CHOP and EWS-CHOP chimeric proteins function as potent transcription factors that 
deregulate the expression of a number of target genes (Fig. 35-1 OB) (Kuroda et al, 1995). 
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Figure 35-8 Well-differentiated liposarcoma. A,B. Histologic appearance of well- 
differentiated liposarcoma. Note numerous well-differentiated lipoblasts that vary in size 
and show nuclear hyperchromatism with atypia. C. Cytologic features of well-differentiated 
liposarcoma. Note large cluster of lipoblastic cells. D. Cytologic details of lipoblasts with 
multivesicular cytoplasm. Note the presence of atypical, peripherally displaced nuclei with 
prominent nucleoli. Insets show cytologic details of lipoblasts. Note tumor cells with large 
vacuole filing almost the entire cytoplasm and peripherally placed nuclei. Nucleoli are often 
present. 
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Figure 35-9 Myxoid liposarcoma. A,B. Histologic appearance of myxoid liposarcoma. 
Note monomorphic population of primitive mesenchymal cells showing only early signs of 
lipogenesis. No obvious atypia can be seen. A network of curved plexiforme capillary 
vessels is prominent. C,D. Cytologic details of mesenchymal cells without obvious atypia. 
Tendency toward grouping cells around capillary vessels is characteristic feature of this 
tumor. Inset shows primitive lipoblasts surrounding capillary vessels. 
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Figure 35-10 Molecular structure of breakpoints and fusion protein associated with 
t(12; 16)(q13;p11) in myxoid liposarcoma. A. Exon-intron structures of TLS and CHOP 
genes are shown. The most frequent locations of breakpoints within the introns are 
indicated. Molecular structure of chimeric gene that includes the 5' terminal domain of TLS 
gene and 3' terminal domain of CHOP gene is also shown. B. Schematic presentation of 
the functional domains of the TLS-CHOP chimeric product containing the N-terminal 
portion of the TLS gene product fused to the C-terminal portion of the CHOP protein 
containing a leucine zipper domain. 



Cytology 

The characteristic cytologic feature of myxoid liposarcoma is the presence of curved 
branching capillary vessels surrounded by irregular lakes of myxoid material that contain 
loosely arranged primitive mesenchymal cells, some of which may show lipoblastic 
differentiation (see Fig. 35-9C) (Attal et al, 1995). The cells have an overall bland cytologic 
appearance and resemble stellate, spindle, or rounded primitive mesenchymal cells with no or 
minimal lipoblastic features (see Fig. 35-9D) (Layfield et al, 1998). More mature cells with 
clearly recognizable lipoblastic differentiation are rare and may be difficult to find (Kilpatrick et 
al, 2000). 

Pleomorphic Liposarcoma 
Pathology and Histology 

Pleomorphic liposarcoma is the least common, highly malignant variant of liposarcoma that 
accounts for only 10% to 15% of all malignant tumors of adipose tissue. Microscopically it is 
similar to malignant fibrous histiocytoma but the distinguishing feature is the presence of large 
atypical cells with unequivocal lipoblastic differentiation (Downes et al, 2001). 
Pleomorphic liposarcomas lack distinct cytogenetic alterations and exhibit complex 
chromosomal abnormalities with pronounced aneuploidy. 
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Cytology 

Aspirates from pleomorphic liposarcoma are cellular and contain highly atypical pleomorphic, 
obviously malignant cells. As is the case for histologic sections, the overall cytologic 
appearance is similar to that of malignant fibrous histiocytoma. Cells with obvious 
lipoblastic features are difficult to identify in smears because the multivesicular cytoplasm of 
lipoblasts is frequently destroyed during aspiration and smear preparation. 

LESIONS OF SMOOTH MUSCLE 

The incidence of both benign and malignant smooth muscle tumors follows the distribution and 
volume of normal 

P.1317 

smooth muscles in the human body. Consequently they most frequently involve the 
genitourinary organs, predominantly the uterus, and the gastrointestinal tract (Wile and Evans, 

1981; Gustafson et al, 1992). The smooth muscle tumors of soft tissue are extremely rare and 
are predominantly located in the retroperitoneum. 

Leiomyosarcoma 
Pathology and Histology 

The rare retroperitoneal leiomyosarcomas primarily affect women 60-80 years of age (Wile and 
Evans, 1981; Shmooklerand Lauer, 1983; Hashimoto etal, 1985). Microscopically, most 
leiomyosarcomas are composed of spindle cells with obvious smooth muscle phenotype 
exhibiting a mild to moderate degree of nuclear atypia arranged in intersecting fascicles (Fig. 

35-11 A, B). Prominent cytoplasmic vacuolization is a frequent feature (Fields and Helwig, 1981; 
Hashimoto et al, 1986). Poorly differentiated lesions show pronounced atypia and may have 
less obvious smooth muscle differentiation. Some leiomyosarcomas may show epithelioid and, 
less frequently, clear cells (Suster, 1994). Such features are usually seen focally in otherwise 
typical spindle cell leiomyosarcoma. 

Immunohistochemically, leiomyosarcomas express the full range of muscle-specific markers. 

The most frequently detected are muscle-specific actin and desmin, which are positive in nearly 
100% and 50% of cases, respectively. Typically there is an intense uniform staining for muscle- 
specific actin and less intense patchy staining with desmin. 

Cytology 

Uterine and cutaneous smooth muscle tumors are practically never diagnosed by cytology. 

Fine-needle aspirations are typically performed on deeply abdominal and soft tissue tumors 
(Fernando et al, 1998). Aspirates from leiomyosarcoma are usually highly cellular and contain 
numerous spindle cells with cigar shaped blunt-ended nuclei (Fig. 35-11C.D) (Hsu and 
Yang, 1995; Gupta et al, 2000). Occasionally a large cytoplasmic vacuole filling up a spindled 
cytoplasm and attached to the end of the nucleus can be seen (Ferretti et al, 1997). Similar to 
histologic sections, most leiomyosarcomas are cytologically well to moderately differentiated 
with minimal to moderate degree of nuclear atypia and obvious smooth muscle differentiation. 
High-grade lesions may show pronounced atypia with high mitotic activity and necrotic cellular 
debris. Such lesions may have less recognizable smooth muscle phenotype, and their overall 
cytologic appearance may overlap with other high-grade spindle cell sarcomas (Barbazza 
etal, 1997; Palmer etal, 2001). 



2301 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 

LESIONS OF SKELETAL MUSCLE 



35 - Soft Tissue Lesions 



Rhabdomyosarcomas 

Rhabdomyosarcoma represents the most common soft tissue sarcoma during the first two 
decades of life and primarily affects children under 15 years of age (Hollowood and Fletcher, 

1994). It shows unique anatomic predilection for the head and neck and genitourinary 
regions and is less frequent in the extremities (Molenaar et al, 1985; Hawkins and Cancho- 
Velasquez, 1987). In addition, rhabdomyoblastic features can be seen in other tumors such as 
dedifferentiated chondrosarcoma, liposarcoma, or germ cell tumors. The composite tumors that 
exhibit skeletal muscle and peripheral nerve differentiation are referred to as Triton 
tumors (Daimaru et al, 1984). Rhabdomyosarcoma is also observed in mesodermal mixed 
tumors of the uterus, and as a component of tumors of childhood, such as Wilms' tumor (see 
Chap. 40 for discussion of these tumors). Based on distinct clinico-pathologic features, 
rhabdomyosarcoma can be divided into two main groups — pediatric (embryonal) and adult type. 

The pediatric embryonal rhabdomyosarcomas are subdivided into two prognostically and 
therapeutically important subgroups, alveolar and nonalveolar. The nonalveolar 
rhabdomyosarcomas are further descriptively designated as spindle, and round cell or botryoid 
variants (Cavazzana et al, 1992). 

Embryonal Rhabdomyosarcoma 
Pathology and Histology 

Embryonal rhabdomyosarcoma is the most frequent type of rhabdomyosarcoma affecting 

children during the first decade of life, the mean age at presentation being about 7 years 
(Schmidt et al, 1986). Microscopically, the tumor is composed of varying proportions of primitive 
small blue round cells and spindle cells, which show features of rhabdomyoblastic 
differentiation comparable with myoblasts seen between 5 and 15 weeks of gestation (Fig. 35- 
12A.B). Cytoplasmic cross striations can be documented in about 50% of the cases, but they 
are difficult to find. Botryoid rhabdomyosarcoma is a variant of the embryonal type. It involves 
the mucosal membranes of the lower genitourinary tract and of other organs, where it grows as 
a grape-like polypoid mass (Hawkins and Cancho- Velasquez, 1987). Microscopically it is 
characterized by hypocellular areas with myxoid stroma containing sparsely distributed primitive 
mesenchymal cells showing early signs of rhabdomyoblastic differentiation (Matsuura et al, 

1999). The peripheral subepithelial area of the tumor may show increased cellularity and is 
referred to as the cambium layer. The previously hopeless prognosis of this tumor has been 
significantly improved with contemporary treatment regimens of chemo- and radiotherapy (see 
also Chaps. 14 and 23). 

Cytology 

Aspirates from embryonal rhabdomyosarcomas are usually highly cellular. Most frequently, they 
contain primitive round cells and occasionally, larger rhabdomyoblastic cells with oval or spindle 
eosinophilic cytoplasm (Agarwal et al, 1996; Atahan et al, 1998). The cytologic appearance 
varies among tumors and parallels the overall skeletal muscle lineage differentiation (Cohen et 
al, 1999). Better differentiated tumors may contain numerous large oval or spindle 
rhabdomyoblastic 
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cells, some with cytoplasmic cross-striations. In such tumors multinucleated cells with strap- 
shaped cytoplasm reflecting myotubule differentiation can occasionally be found (Fig. 35- 
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12C,D) (Pohar-Marinsek and Bracko, 2000). 




Figure 35-11 Leiomyosarcoma. A,B. Histologic appearance of leiomyosarcoma. Spindle 
sarcomatous cells create fascicles intersecting at right angles. Note blunt ended (cigar- 
shaped) nuclei. Cytoplasmic vacuoles attached to the end of the nuclei can be seen. C,D. 
Cytologic details of leiomyosarcoma. Spindle sarcomatous cells demonstrate moderate 
degree of atypia. Inset shows details of leiomyosarcomatous cells with typical blunt ended 
nuclei. 



Alveolar Rhabdomyosarcoma 
Pathology and Histology 

Alveolar rhabdomyosarcoma is a rare distinct variant of pediatric rhabdomyosarcoma composed 

of large primitive round cells forming alveolar structures or, less frequently, 
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growing in solid nests of cells that do not adhere to each other (solid variant) (Fig. 35-1 3A,B) 

(Enzinger and Shiraki, 1969). The tumor exhibits the unique chromosomal translocations 
(2;13)(q35;q14) or (1 ; 1 3)(p36;q1 4). The translocations result in formation of the two chimeric 
genes, PAX3-FKHR and PAX7-FKHR (Fig. 35-14A) (Weber-Hall et al, 1996; Anderson et al, 

1997). The fusion proteins contain PAX3/PAX7 DNA binding domains and FKHR transcription 
activation domain (Fig. 35-1 4B) (Merlino and Helman, 1999). The chimeras activate 
transcription with higher potency than the corresponding wild-type PAX proteins and are 
insensitive to the ordinarily inhibitory effects 
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of N-terminal PAX3 and PAX7 domains (Arden et al, 1996; Bennicelli et al, 1996). It is assumed 
that the PAX3-FKHR and PAX7-FKHR chimeric genes contribute to tumorigenic behavior by 
altering growth control, apoptosis, differentiation, and cell motility. 




Figure 35-12 Embryonal rhabdomyosarcoma. A,B. Histologic appearance of embryonal 
rhabdomyosarcoma. Note spindle cells with deeply eosinophilic cytoplasm. C,D. Cytologic 
features of embryonal rhabdomyosarcoma. Note large 3-dimensional clusters of spindle 



2304 / 3276 




Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



35 - Soft Tissue Lesions 



cells. Sarcomatous cells show only a wisp of cytoplasm, the rhabdomyoblastic 
differentiation is not always evident. 




Figure 35-13 Alveolar rhabdomyosarcoma. A,B. Histologic appearance of alveolar 
rhabdomyosarcoma. Note alveolar arrangement of tumor cells. C,D. Cytologic features of 
rhabdomyoblasts with deeply staining cytoplasm. Inset (left) shows rhabdomyoblasts with 
large nucleoli. Inset (right) shows positive immunohistochemical staining for desmin in 
tumor cells. 



Cytology 

Aspirations from alveolar rhabdomyosarcoma are highly cellular and contain a monomorphic 
population of primitive oval rhabdomyoblastic cancer cells with occasional larger multinucleated 
cells (Suvarna et al, 1998). The feature distinguishing 
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them from conventional small cell rhabdomyosarcoma is the larger size of rhabdomyoblastic 
cells, which contain a central nucleus with prominent nucleolus (see Fig. 35-1 3C,D). 
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Figure 35-14 Molecular structure of breakpoints and fusion protein associated with 
t(2;13)(q35; q14) in rhabdomyosarcoma. A Exon-intron structures of PAX3 and FKHR 
genes are shown. Most frequent locations of breakpoints within the introns are indicated. 
The molecular structure of the chimeric gene that includes the 5' portion of PAX3 and 3' 
portion of FKHR gene is also shown. B. Schematic representation of the functional 
domains of the PAX3-FKHR chimeric protein. Dashed vertical line indicates fusion point 
between N-terminal portion of PAX3 protein product with C-terminal portion of FKHR 
protein product containing transcriptional activation DNA-binding domain. Other domains 
are as follows: PB-paired box, HB-home box, FD-fork head domain. 



Pleomorphic Rhabdomyosarcoma 
Pathology and Histology 

Pleomorphic rhabdomyosarcoma is the least frequent form of rhabdomyosarcoma, which 
typically involves the extremities of adults (Gaffney et al, 1993). It is composed of large bizarre 
rhabdomyoblastic cells with dense eosinophilic cytoplasm and occasional cross 
striations. The overall microscopic picture is similar to storiform-pleomorphic malignant fibrous 
histiocytoma (deJogn et al, 1987; Gaffney et al, 1993). 

Cytology 

Cytologic preparations from pleomorphic rhabdomyosarcoma contain numerous highly atypical 
rhabdomyoblastic cells of various shapes with dense eosinophilic oval or polygonal 
cytoplasm. Cytoplasmic cross-striations may be observed. As is the case with histologic 
sections, the overall cytologic picture is similar to storiform-pleomorphic malignant fibrous 
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histiocytoma. The distinguishing feature is the presence of cells with unequivocal 
rhabdomyoblastic features (Atahan et al, 1998). 

LESIONS OF VASCULAR TISSUE 

Vascular tumors consist of a wide spectrum of lesions ranging from benign to highly aggressive 
malignant neoplasms. Benign vascular lesions closely resemble normal vessels, and their 
distinction from vascular malformations and hamartomas is not always clear (Rao and Weiss, 

1992). The vascular tumors that behave in an intermediate fashion between hemangiomas and 
angiosarcomas are referred to as hemangioendotheliomas (Weiss et al, 1986). This group 
consists of epithelioid hemangioendothelioma, spindle 
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cell hemangioendothelioma, Kaposiform hemangioendothelioma, and the very rare 
Dabska tumor (Dabska, 1969; Fletcher et al, 1991b; Lai et al, 1991; Tsang and Chang, 1991; 

Ding et al, 1992; Pohar-Marinsek and Bracko, 2000). These tumors typically show multifocal, 
locally destructive growth with high recurrence rate and minimal metastatic potential. 

Angiosarcomas represent a wide spectrum of organ-specific entities, and their complete 
description is beyond the scope of this text, which is limited to skin and accessible soft tissue 
lesions. 

Hemangioma 
Pathology and Histology 

Hemangioma, one of the most common benign soft tissue tumors, is composed of an 
architecturally abnormal network of vessels (Allen and Enzinger, 1972; Nichols et al, 1992). 
Microscopically they can be separated into two major categories: (1) lesions composed of small 
capillaries (capillary hemangioma), and (2) those composed of larger, open vessels 
(cavernous hemangioma). Capillary hemangioma is most frequent during infancy and 
childhood and usually affects skin or subcutaneous tissue of the head and neck region. 
Characteristically it regresses with age in about 90% of the cases. Grossly, capillary 
hemangiomas represent an elevated red to purple skin lesions without ulcerations. 

Microscopically they are composed of capillary-sized vessels arranged in multilobular pattern. 
Cavernous hemangiomas tend to be larger and less well circumscribed than capillary 
hemangiomas. They more frequently involve deep soft tissue and internal organs and do not 
regress but may become fibrosed or calcified. Intramuscular hemangioma is a special type of 
hemangioma; most lesions appear in patients younger than 30 years of age and have a 
predilection for the lower extremities (particularly muscle of the thigh) (Beham and Fletcher, 

1991). Microscopically, these hemangiomas are composed either of capillary or cavernous 
vessels. Because of its intramuscular localization and infiltrative pattern of growth, this tumor 
could be confused microscopically with angiosarcoma. 

Cytology 

Aspirates from hemangiomas are very infrequent. The smears are nearly acellular and contain 
sparse groups of small spindle cells admixed with peripheral blood. 

Kaposi's Sarcoma 
Pathology and Histology 

There are four distinct clinical forms of Kaposi's sarcoma: (1 ) chronic (not associated with 
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acquired immunodeficiency syndrome), (2) lymphadenopathic, (3) associated with 
transplantation, and (4) associated with acquired immunodeficiency syndrome (AIDS). 

Their detailed description is beyond the scope of this review (Ramos et al, 1976; Harwood et 
al, 1979; Chor and Santa Cruz, 1992). Most Kaposi's sarcomas in AIDS are associated with 
herpesvirus type 8 (Chang et al, 1994; Cesarman et al, 1995; Moore et al, 1996). The virus is 
located in the endothelial and spindle cells of the tumor (Boshoff et al, 1995). Ablashi et al 
(2002) reviewed the possible role that this virus may play in the genesis of this and other 
malignant tumors in AIDS (see also Chap. 26). 

In general, Kaposi's sarcoma most frequently presents as multiple purple skin nodules 
slowly increasing in size and number. Microscopically, three steps of development can be 
distinguished: patchy, plaque, and nodular. The earliest, microscopically recognizable 
phase consists of a proliferation of bland-looking small vessels that gradually become 
confluent and finally form an ill-defined nodule composed of spindle cells separated by 
slit-like spaces, which may contain erythrocytes. Hyaline globules representing degenerated 
erythrocytes, hemosiderin deposits, and scattered inflammatory lymphocytes are usually 
present (Fukunaga and Silverberg, 1991). The clinical course is that of gradually progressing 
multifocal skin disease, which can also involve mucosal membranes, lymph nodes, and 
eventually internal organs. The prognosis is related to associated conditions such as AIDS. 

Cytology 

Aspirates from Kaposi's sarcoma are usually bloody or sparsely cellular and contain small 
groups of spindle cells with very slender cytoplasm. These cells contain elongated nuclei 
with evenly distributed chromatin. Overall cytologic features are similar to other low-grade 
spindle cell lesions (al-Rikabi et al, 1998). Aspiration cytology, however, is particularly helpful in 
evaluation of lymphadenopathy for primary Kaposi's tumors in patients known to have acquired 
immunodeficiency syndrome. 

Angiosarcoma 
Pathology and Histology 

Angiosarcoma is one of the rarest soft tissue sarcomas, comprising less than 1% of all 
sarcomas. Chronic lymphedema, radiation therapy, and carcinogens such as thorium dioxide 
(Thorotrast), insecticides, and vinyl chloride have been recognized as etiologic factors. This 
description is limited to skin and soft tissue angiosarcomas only (Maddox and Evans, 1981). 

Cutaneous angiosarcoma can occur in two distinct clinical settings: (1) not associated with 
lymphedema, (2) associated with lymphedema. Cutaneous angiosarcoma not associated 
with lymphedema occurs in the elderly in the head and neck region and usually is well to 
moderately differentiated (Hodgkinson et al, 1979). Angiosarcoma associated with lymphedema 
most frequently develops in the skin of the upper extremity in women 8 to 10 years after 
mastectomy and radiotherapy for breast cancer (Stewart-Treves syndrome) (Martin et al, 

1984; Ryan et al, 1998). Angiosarcoma of deep soft tissue occurs at any age and has a 
propensity for the extremities and abdominal cavity. Postradiation angiosarcoma most 
commonly involves the skin in the region radiated after breast sparing procedures for 
carcinoma. 

Microscopically, angiosarcomas range from well-differentiated lesions to highly anaplastic 
tumors whose endothelial origin may be difficult to document without special studies such as 
electron microscopy or immunohistochemistry (Fletcher et al, 1991a). Vascular channels 
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creating anastomosing network and sinusoids which dissect preexisting collagen and fat tissue 
are characteristic of well-differentiated 
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tumors. These channels are lined by plump endothelial cells with hyperchromatic nuclei 

exhibiting only minimal atypia. In moderately differentiated tumors, the atypia is more 
obvious, and focal proliferation of endothelial cells with piling up and creation of intraluminal 
papillary tufts is present (Fig. 35-1 5A,B). The poorly differentiated tumors are characterized 
by the presence of a solid spindle or epithelioid cell components separating vascular 
channels. Large areas of solid proliferations with pronounced atypia and brisk mitotic activity 
may be completely devoid of vascular architecture. Consistent with their endothelial origin, the 
cells express a wide range of endothelium specific 
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antigens such as factor VIII, ulex europaeus, CD31, and endothelial growth factor receptor 
(EGFR-3). CD31 is currently considered to be the most specific endothelial marker. 




Figure 35-15 Moderately differentiated angiosarcoma. A,B. Histologic appearance of 
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moderately differentiated angiosarcoma. Note vascular channels lined by plump endothelial 
cells. Erythrocytes are seen in the lumen of neoplastic channels. C,D. Cytologic features of 
moderately differentiated angiosarcoma. The spindly tumor cells are arranged in clusters. 
Note obvious cytologic features of malignancy. 



Cytology 

Cytologic features of angiosarcomas depend on the degree of differentiation (Cho et al, 
1997; Boucher et al, 2000). In well-differentiated angiosarcomas, aspirates yield predominantly 
blood and very scant cellular material. Cytologic preparations of moderately to poorly 
differentiated tumors are highly cellular and contain obviously malignant spindle — or 
epithelioid cells forming groups and clusters (Fig. 35-1 5C,D) (Nguyen and Husain, 2000). 
Aspirates from epithelioid angiosarcomas contain highly anaplastic epithelioid malignant 
cells that can be confused with carcinoma (Ng et al, 1997). In such cases the diagnosis of 
malignancy is straightforward, but the cellular lineage of differentiation cannot be identified 
without additional studies. 

LESIONS OF PERIPHERAL NERVES 

Schwannoma 

Pathology and Histology 

Schwannomas or neurilemomas are benign peripheral nerve sheath tumors derived from 
Schwann cells. They involve males and females with equal frequency and are most common 
between the ages of 20 and 30 years. Schwannomas have unique predilection for the 
subcutaneous tissue of the head and neck region and the extremities. In the trunk they are 
typically found in the paraspinal region of the mediastinum and retroperitoneum. 
Microscopically, neurilemmoma is composed of Schwann cells forming hyper- and hypocellular 
areas referred to as Antoni A and Antoni B, respectively. Antoni A areas contain densely 
arranged spindle cells with twisted nuclei. Antoni B areas consist of sparsely arranged spindle 
cells within a myxoid stroma. A palisade of tumor cells separated by irregular acellular bands 
referred to as Verocay bodies is a characteristic feature of these tumors (Fig. 35-16A,B). 
Large, long-lasting tumors may develop degenerative changes such as cysts, calcification, and 
nuclear atypia. Cellular schwannomas are hypercellular lesions composed predominantly of 
Antoni A areas, which may be confused with malignant peripheral nerve sheath tumors 
(Woodruff et al, 1981 ; Fletcher et al, 1987; Lodding et al, 1990; White et al, 1990). It is 
important to be aware of the fact that schwannomas practically never undergo malignant 
transformation. 

Cytology 

Aspirates from schwannomas contain large clusters of loosely arranged spindle cells 
separated by myxoid stroma (Mooney et al, 1999). Occasionally palisading arrangement 
of tumor nuclei corresponding to Verocay bodies can be present (Mentzel et al, 1996; Gupta 
et al, 2001). Sparse individual spindle cells with elongated nuclei can be also present. Typically 
such cells show no nuclear atypia or polymorphism (Fig. 35-16C,D) (Henke et al, 1999). 
Additional examples of schwannomas may be found in Chapters 37 and 40. 
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Neurofibroma 

Pathology and Histology 

Neurofibromas are common benign tumors composed of specific neural fibroblastic cells 
with elongated wavy nuclei lying in a loose collagenous stroma (Fig. 35-17A.B). Most 
neurofibromas are solitary subcutaneous lesions that are not associated with 
neurofibromatosis. Plexiform neurofibromas represent an expansion of nerves by 
proliferating neurofibroblastic cells grossly mimicking a bag of worms (Iwashita and Enjoji, 

1986). Approximately 10% of neurofibromas are associated with neurofibromatosis (von 
Recklinghausen's disease). The neurofibromas that occur in the settings of 
neurofibromatosis are multifocal, may involve deep soft tissue and internal organs, and are 
associated with other stigmata of the disease such as brown (cafeau-lait) skin spots. 

Neurofibromas may become malignant (see below). 

Neurofibromatosis is an autosomal-dominant disease that has two distinct clinical forms, 
each associated with a unique predisposing genetic effect. The peripheral form (type 1) is 
linked to an alteration leading to functional silencing of the NF1 gene mapping to the 
pericentromeric region on chromosome 17. The central form (type 2) of neurofibromatosis is 
less frequent and is linked to inactivation of the NF2 gene mapped to chromosome 22. The 
most characteristic features of the two clinical forms of neurofibromatosis are listed in Table 35- 
3. Microscopically, neurofibromas are characterized by fibrous spindle cells with wavy nuclei 
separated from each other by loose fibrous or myxoid stroma. 

Cytology 

Aspirations from neurofibroma yield scanty cellular material and contain sparse, loosely 
arranged clusters of wavy spindle cells separated by amorphous myxoid stroma. The 
spindle cells of neurofibroma contain elongated comma-shaped nuclei with evenly 
distributed, finely granular chromatin. Mucoid material in the background may contain small 
fragments of collagen bundles (Fig. 35-1 7C,D) (Hock and Mohamid, 1995). 

Malignant Peripheral Nerve Sheath Tumor 
Pathology and Histology 

Malignant peripheral nerve sheath tumors constitute 5% to 10% of all soft tissue sarcomas and 
predominantly affect patients between 30 and 50 years of age (Ducatman et al, 1986; Wanebo 
et al, 1993). More then 30% of the malignant peripheral nerve sheath tumors develop within 
preexisting neurofibromas in the settings of type 1 neurofibromatosis (Herrera and 
deMoraes, 1984). In most cases, not related to neurofibromatosis, a relationship between the 
tumor and an adjacent large peripheral nerve could easily be documented. Overall 5-year 
survival is about 50%, but it decreases to only 15% for tumors involving the trunk. A high rate of 
local recurrence is caused by the peculiar ability of the tumor cells to spread along nerve 
sheaths. Loss of chromosome 9p followed by CDKN2 gene inactivation is 
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seen in almost 50% of all tumors especially those that represent progression of neurofibroma in 
type 1 neurofibromatosis. Malignant peripheral nerve sheath tumors typically show the 
inactivation of both alleles of the NF1 gene, but the exact role of this gene in malignant 
transformation of nerofibromas is still unclear. 
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Figure 35-16 Schwannoma. A,B. Histologic appearance of schwannoma. Note Verocay 
bodies created by palisading of the tumor cells. C : D. Cytologic details of schwannoma 
cells. Cells in clusters are separated by abundant stroma. Note degenerative atypia, a 
distinctive feature for long-lasting tumors (ancient schwannomas). Inset shows cells with 
wavy cytoplasm and coma-shaped nuclei. 



Microscopically, the tumor is composed of spindle cells arranged on long intersecting 
fascicles reminiscent of fibrosarcoma (Fig. 35-18A). In some cases these tumors may 
contain large areas composed of epithelioid cells (Fig. 35-18B). Malignant peripheral nerve 
sheath tumors may contain heterologous elements, such as cartilage or osseous 
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tissue. Composite lesions that contain neural and rhabdomyoblastic elements are 
designated as Triton tumors. 
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Figure 35-17 Neurofibroma. A,B. Histologic appearance of neurofibroma. Note wavy cells 
separated by loose stroma. C,D. Cytologic details of neural fibroblastic cells. Note cells 
with comma-shaped nuclei arranged in loose clusters. Amorphic myxoid stroma separates 
the cells. 



Cytology 

Aspirations from malignant peripheral nerve sheath tumors are usually highly cellular and 
contain tissue fragments and a large number of individual dispersed malignant cells (McGee et 
al, 1997). The cellular composition depends on degree of tumor differentiation. Thus the 
various degree of nuclear atypia and cellular pleomorphism, ranging from inconspicuous 
to clearly sarcomatous with pleomorphic and multinucleated malignant giant cells, can be found 
in these tumors (Fig. 35-18C.D) (Dodd et al, 1997; Jimenez-Heffernan et al, 1999; 
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MD, 1999). Lesions composed mainly of monomorphic spindle cells may be difficult to 
distinguish from other spindle cell sarcomas or even benign spindle cell lesions. 
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TABLE 35-3 DIAGNOSTIC CRITERIA FOR THE TWO TYPES OF 
NEUROFIBROMATOSIS 

Type 1 

Two or more neurofibromas 

Six or more cafe au lait spots >5 mm in prepubertal patients 
Freckles in axillary regions 
Optic nerve glioma 
Skeletal abnormalities 

Parent, sibling, or offspring with type 1 neurofibromatosis 

Type 2 

Bilateral acoustic nerve schwannomas 

First-degree relative with type 2 neurofibromatosis and unilateral vestibular 
schwannoma or two of the following: neurofibroma, meningioma, glioma, schwannoma, 
juvenile posterior subcapsular ventricular opacity, and cerebral calcifications 



MISCELLANEOUS TUMORS 

In this section we describe a series of prototypic soft tissue sarcomas with uncertain 
histogenesis. These tumors present as unique clinical entities and exhibit distinct microscopic, 
phenotypic, and molecular features. 

Synovial Sarcoma 
Pathology and Histology 

Synovial sarcoma constitutes 5% to 10% of all soft tissue sarcomas and most frequently affects 
adolescents and young adults between 15 and 40 years of age (Krall et al, 1981). The vague 
microscopic resemblance of this tumor and anatomic relation to synovial structures is frequently 
mentioned in the literature, but whether it originates from synovial lineage or from preformed 
synovial membrane has never been established. On the molecular level, synovial sarcoma is 
characterized by a reciprocal translocation, t(x: 1 8)(p1 1 : qll), resulting in the formation of a 
distinct chimeric gene, SSX-SYT (Limon et al, 1991; Dal Cin et al, 1992; Knight et al, 1992). 

The Xpll region contains a cluster of closely related SSX1-SSX5 genes, and the Xpll 
breakpoint typically involves two of these genes, SSX1 and SSX2 mapping to Xpll. 23 and 
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Xpl 1.21, respectively (DosSantos et al, 2001). For unknown reasons, SSX1 is involved in the 
SYT-SSX fusion nearly twice as often as the SSX2. In several cases of synovial sarcoma, a 
rare SYT-SSX4 fusion has been identified. Several studies have shown that patients with 
synovial sarcomas with SYT-SSX1 have a longer survival than patients with SYT-SSX2 
(Ladanyi et al, 2002) (Fig. 35-19). 

Grossly, the tumor is usually sharply circumscribed and multinodular with a tendency for cysts 
formation. The presence of two morphologically distinct cell populations, i.e., epithelial 
and spindle sarcomatous cells, contributes to the so-called biphasic appearance of the 
tumor (Dardick et al, 1991). Depending on the predominance of these elements, synovial 
sarcoma can be divided into several subtypes: (1) biphasic, (2) monophasic fibrous, and (3) 
monophasic epithelial. In a typical biphasic synovial sarcoma epithelial cells forming cords, 
nests, and glandular structures are dispersed in solid compact areas composed of spindle cells 
(Fig. 35-20A,B). In the monophasic fibrous type, only spindle cells are present with no apparent 
epithelial component (Fisher, 1986). Additionally, myxoid change, hyalinization in the stroma, 
hemangiopericytoma-like areas, or calcification may be seen. Poorly differentiated (round cell) 
type is associated with a more aggressive clinical behavior and in most cases represents a 
progression of conventional synovial sarcoma. Monophasic epithelioid synovial sarcoma is the 
rarest subtype and is predominately composed of epithelial elements. Monophasic epithelioid 
subtypes must be differentiated from true epithelial neoplasms such as adnexal skin tumors or 
metastatic carcinoma. Most synovial sarcomas are positive for EMA (epithelial membrane 
antigen) and keratin (Fisher, 1986). 

Cytology 

Aspirations from synovial sarcoma are highly cellular. In typical biphasic tumors, two populations 
of cells, i.e., epithelial and spindle cells, can be identified (Kilpatrick et al, 1996b). Fibroblast- 
like spindle cells contain ovoid nuclei with finely granular, evenly dispersed chromatin and 
inconspicuous nucleoli (Koss et al, 1992; Viguer et al, 1998). They may form small or large 
three-dimensional compact clusters with characteristic ragged edges (Ryan et al, 1998). 
Epithelial cells can be recognized by their polygonal contours and formation of gland-like 
structures (Fig. 35-20D). Monophasic spindle cell synovial sarcoma contains only spindly 
sarcomatous cell. In such instances cytologic features overlap with other spindle cells sarcomas 
(akerman, 1996). 

Epithelioid Sarcoma 
Pathology and Histology 

Epithelial sarcoma is a distinctive malignant neoplasm of uncertain histogenesis that is 
microscopically characterized by a prominent epithelium-like or epithelioid appearance of 
tumor cells. The tumor most frequently affects adolescents and young adults. It has a unique 
predilection for subcutaneous and deep soft tissue of hand and forearm and, less 
frequently, for the distal portions of the lower extremities (Laskowski, 1961 ; Dabska and 
Koszarowski, 1982). In the trunk it is most frequent in the genitourinary region. Clinically it often 
presents as multifocal ulcerated cutaneous nodules. Deep soft tissue lesions are firmly 
attached to tendons or fascial structures (Chase and Enzinger, 1985). Microscopically the tumor 
has distinct nodular architecture with central necrosis and frequently a granuloma-like 
appearance (Fig. 35-21AB). The epithelioid tumor cells with prominent eosinophilic cytoplasm 
stain positively for cytokeratins and epithelial membrane antigen (EMA) (Chase et al, 
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1984). The clinical course is characterized by multiple recurrences and gradual progression, 
with eventual metastatic spread to lymph nodes and lungs. 
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Figure 35-18 Malignant peripheral nerve sheath tumor (MPNST). A Histologic 
appearance of MPNST. Note spindle cells arranged in fascicles. Wavy and comma-shaped 
nuclei can be seen. Mitotic activity is evident. B. Histologic appearance of MPNST with 
epithelioid features. Clearly malignant polygonal cells posses abundant cytoplasm and 
rounded nuclei. C,D. Cytologic details of MPNST. Note clusters and dispersed cells 
showing nuclear hyperchromasia and prominent nucleoli. Cells with more abundant 
cytoplasm may give false impression of epithelial differentiation. Inset shows cytologic 
details of sarcomatous cells with epithelioid features. 
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Figure 35-19 Molecular structure of breakpoints and fusion protein associated with 
t(X; 18)(11.23; 11.2) in synovial sarcoma. A Exon-intron structures of SYT and SSXl 
genes are shown. Most frequent locations of the break points within introns are indicated. 
Molecular structure of chimeric gene, which includes 5-terminal portion of SYT gene and 
3-terminal portion of SSXl gene, is also shown. B. Schematic representation of the 
functional domains of the SYT-SSX1 chimeric product (SSXRD, repressor domain; KRAB, 
Kruppel associated box). 



Cytology 

Aspirations from epithelioid sarcoma are highly cellular and contain cells with abundant 
eosinophilic cytoplasm and large vesicular nuclei with small but clearly visible nucleoli 
(Hernandez-Ortiz et al, 1995). The epithelioid nature of the cells may not be cytologically 
obvious and the lesion can be confused with a benign epithelial neoplasm or a reactive 
histiocytic process (Cardillo et al, 2001; Jogai et al, 2001). The absence of phagocytic 
activity and of other inflammatory cells is a helpful microscopic feature that distinguishes 
the lesion from a granulation process. Strong positivity for keratins and negative staining for 
histiocytic markers are the characteristic immunophenotypic features. Overall, the cytologic 
appearance may be deceptively benign (Fig. 35-21C,D). 

Clear Cell Sarcoma 
Pathology and Histology 

Clear cell sarcoma, also known as malignant melanoma of the soft parts, typically involves 
tendons and aponeurons of young adults. It most frequently presents as a soft tissue 
mass of the knee area (Enzinger, 1968; Chung and Enzinger, 1983). Microscopically the 
tumor is composed of nests of uniform, rounded to elongated cells with clear cytoplasm and 
occasional deposits of melanin (Fig. 35-22A,B). Scattered, multinucleated giant cells can be 
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present (Lucas et al, 1992; Montgomery et al, 1993). Immunohistochemically, the tumor cells 
are positive for melanocytic lineage markers such as S-100 and HMB-45. Prognosis is 
poor, being characterized by recurrences and eventually distant metastases to the lymph nodes 
and lungs. 

R1330 




Figure 35-20 Biphasic synovial sarcoma. A,B. Histologic appearance of biphasic 
synovial sarcoma. Note well-defined glands composed of epithelial cells. Spindle cell 
component among glandular structures is seen. C,D. Cytologic details of biphasic synovial 
sarcoma. Spindle cells with obvious atypia ( C ) and epithelial cells creating glands are 
shown in D. Inset shows cytologic details of epithelial component. 
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Figure 35-21 Epithelioid sarcoma. A,B. Histologic details of epithelioid sarcoma. Note 
epithelioid appearance and nodular arrangement of sarcomatous cells. Inset shows 
positive immunohistochemical staining for cytokeratin in tumor cells. C,D. Cytologic 
features of epithelioid sarcoma. Note overall bland appearance of sarcomatous cells. 
Vesicular nuclei containing inconspicuous nucleoli may give false impression of a 
nonneoplastic condition. Inset shows cytologic details of epithelioid sarcomatous cells. 
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Figure 35-22 Clear cell sarcoma (malignant melanoma of the soft parts). A,B. 
Histologic appearance of clear cell sarcoma. Sarcomatous cells with clear cytoplasm are 
arranged in nests and fascicles. Note prominent nucleoli. Inset (upper) shows 
multinucleatd giant cell. Note similarities between nuclei of clear and giant cells. Inset 
(lower) shows histologic details of nuclear intracytoplasmic inclusion. C,D. Cytologic 
appearance of clear cell sarcoma. Malignant cells show prominent nucleoli. Cytoplasmic 
melanin pigment is often present. Inset shows sarcomatous cells with prominent nucleoli. 
Note rosette-like arrangements of neoplastic cells. 
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From the molecular point of view the clear cell sarcomas are characterized by (12:22) (q13; 
ql 2) translocation resulting in the fusion of the EWS gene to the activating transcription factor 1 
(ATF-1) gene. The EWS-ATF-1 chimeric protein consists of the amino-terminal domain of EWS 
linked to DNA-binding domain of ATF-1 (Panagopoulos et al, 2002). ATF-1 is a member of basic 
leucine-zipper type transcriptional factor family. It has been recently shown that the chimeric 
EWS-ATF-1 protein contributes to oncogenesis by suppressing p53-mediated transactivation. 
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Cytology 

Aspirates of clear cell sarcoma contain dispersed oval or spindly tumor cells, containing large, 
occasionally eccentric nuclei with prominent nucleoli (Fig. 35-22C.D). Large, 
intranuclear cytoplasmic inclusions are common (see Fig. 35-22, inset). Scattered 
multinucleated giant cells may be present in some cases (Creager et al, 2002; Tong et al, 

2002). Rarely the tumor cells may form small, rosette-like groups (Fig. 35-22, bottom inset). 

Alveolar Soft Part Sarcoma 
Pathology and Histology 

Alveolar soft part sarcoma is a rare neoplasm typically arising in the deep soft tissue of lower 
extremities or in the head and neck area but sometimes in other organs as well. It primarily 
affects adolescents and young adults. Microscopically, it is characterized by the presence of 
nest or gland-forming tumor cells with abundant granular cytoplasm resulting in a 
pseudoalveolar pattern (Fig. 35-23A.B). Vascular channels lined by a single layer of endothelial 
cells separate these cellular aggregates. Neoplastic cells are large, polygonal or round with a 
centrally located nucleus and a predominant nucleolus. Periodic acid-schiff (PAS)-staining 
shows intracellular glycogen and rhomboid crystals (Evans, 1985; Auerbach and Brooks, 
1987). The PAS-positive protein crystals of unknown origin, best visualized by electron 
microscopy are characteristics of this tumor. Clinically, these tumors are highly aggressive, with 
early onset of local recurrence and distant metastases, primarily to the lungs. 
Immunohistochemically alveolar soft part sarcoma co-expresses vimentin, muscle-specific actin, 
and desmin and are negative for cytokeratins and EMA(Mukai et al, 1986; Rosai et al, 1991). 

Alveolar soft part sarcoma carries a distinct chromosomal translocation involving (X;17) 
(p11:q25), resulting in formation of a TFE3-ASPL chimeric gene (Ladanyi et al, 2001). The 
significance of this observation is still unknown. 

Cytology 

The information on cytology of this rare tumor is limited to a few case reports. In our experience 
the alveolar soft part sarcoma yields highly cellular smears, containing large oval cells with 
dense eosinophilic granular cytoplasm and vesicular nuclei with prominent nucleoli. 
Binucleated and multinucleated cells can also be present (Logrono et al, 1999b). The 
abundant granular cytoplasm of the tumor cells is frequently disrupted during aspiration and 
smearing, creating the fine “dirty” background (Husain and Nguyen, 1995). Overall cytologic 
features may overlap with those of epithelioid or clear cell sarcomas, melanoma, and even 
metastatic carcinoma (Fig. 35-23C,D). 

Desmoplastic Small Cell Tumor 
Pathology and Histology 

Desmoplastic small cell tumor is a recently recognized distinct malignant neoplasm 
composed of small cells. The tumor usually occurs in young adults and most frequently involves 
the abdominal cavity (Gerald et al, 1991). A distinctive microscopic feature is the presence of 
well-demarcated nests of small tumor cells surrounded by a prominent band of connective 
tissue stroma. Immunohistochemically, the tumor exhibits unique coexpression of cytokeratins 
and desmin (Palmer et al, 2001; Panagopoulos et al, 2002). The tumor is frequently 
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unresectable at presentation, and the majority of patients die within 24 months of the diagnosis 
(Layfield and Lenarsky, 1991; Ordonez etal, 1993). 

Desmoplastic small cell tumor is pathogenetically related to Ewing's sarcoma/PNET in that it 
often exhibits translocation of chromosomes 11 and 22, and EWS is one of the partner genes 
involved in the breakpoint. However, the second partner of the fusion involves the WT-1 gene 
mapped to 1 1 pi 3 (Sawyer et al, 1992; Biegel et al, 1993; Rodriguez et al, 1993; Ladanyi and 
Gerais, 1994). The tumor and its cytologic presentation are discussed in Chapter 26 as a 
primary tumor of serous membranes. 

The differential diagnosis includes other small blue round cell tumors such as Ewing 
sarcoma/PNET, neuroblastoma, Wilms' tumor, rhabdomyosarcoma, lymphoma, and small cell 
carcinoma. 

Benign Lesions Mimicking Soft Tissue Sarcomas 

In this section we describe the two benign reactive conditions of soft part that may by confused 
with sarcoma. The unifying theme of these lesions is a proliferation of fibroblastic and/or 
osteoblastic cells, which may show significant cytologic and architectural atypia leading to 
incorrect diagnosis of malignancy. 

Nodular (Pseudosarcomatous) Fascitis 
Pathology and Histology 

Nodular fascitis is a common reactive proliferation of fibroblasts, often confused with spindle 
cell sarcoma. Usually, it affects adults between 20 and 40 years of age and presents as a 
rapidly growing subcutaneous mass (Iwasaki and Enjoji, 1975). Although it can affect any 
anatomic site, nearly half of the cases presents as a soft tissue mass of the volar aspect of 
the forearm (Bernstein and Lattes, 1982). Nodular fascitis involving the head and neck with 
frequent secondary involvement of the underlying bone (cranial fascitis) 

P.1334 

is common in infants and children. On the basis of location, nodular fascitis can be divided into 
three types: subcutaneous, intramuscular, and fascial (Meister et al, 1978a). Regardless of 
type, it consists of young growing fibroblasts arranged in short bundles with a myxoid or hyaline 
matrix. The fibroblasts show rapid growth features with spindly or trapezoid cytoplasms, large 
nuclei and nucleoli and high mitotic activity (Fig. 35-24A,B) (Montgomery and Meis, 1991). 

Some of the mitoses may be atypical (see Chap. 6). Occasionally, foamy histiocytes and 
lymphocytes are present. The lesion is ill defined and has overall star-like architecture, with 
radiating prominent capillary vessels. This benign reactive condition is typically cured by local 
excision, and sometimes regresses spontaneously. 
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Figure 35-23 Alveolar soft part sarcoma. A,B. Histologic details of alveolar soft part 
sarcoma. Note alveolar structures of neoplastic cells surrounded by rich vascular network. 
C : D. Cytologic details of alveolar soft part sarcoma. Monotonous population of malignant 
cells with abundant cytoplasm. Note vesicular nuclei with prominent nucleoli. Binucleated 
cells are evident. 
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Figure 35-24 A,B. Histologic details of nodular fascitis. Note proliferating fibroblasts 
arranged in short bundles. C,D. Cytologic features of nodular fascitis. Note large 
clusters of spindle cells and some mucoid material in the background. Spindle cells look 
similar to fibroblasts in granulation tissue. Inset shows cytologic details of spindle cells. 
Note the absence of nuclear atypia and admixture of inflammatory cells. 



Cytology 

Aspirates from nodular fascitis are highly cellular and contain a mixture of elongated spindly 
cells occurring singly or forming large clusters. The elongated, sometimes almost cuboidal 
cells with trapezoid cytoplasm, plump nuclei, and prominent nucleoli resembling tissue 
culture fibroblasts are characteristic of this condition (Maly and Maly, 2001). It is of note that the 
configuration of tumor cells is fairly constant (Fig. 35-24D and inset). This feature may prevent 
the common error of mistaking this benign lesion for a sarcoma where a greater diversity of 
cells occurs. An admixture of inflammatory cells is usually present. Some myxoid substance in 
the background is usually found (Fig. 35-24C.D) (Aydin et al, 2001). 
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Myositis Ossificans 
Pathology and Histology 

Myositis ossificans represents a benign ossifying process of musculature, usually 
occurring after injury in young adults. Depending on the phase of the disease, the clinical, 
radiographic, and microscopic pictures can differ. Morphologically, the early phases show 
immature vascular fibroblastic granulation-like tissue, with a mild to moderate degree of 
polymorphism, high mitotic activity, and scattered multinucleated giant cells. The intermediate 
phase shows a mixture of fibroblasts, osteoblasts, and osteoid, with some predilection for the 
periphery of the lesion. Mature lesions are composed of lamellar bone, with at least focal 
osteoblastic rimming and dense fibroblastic tissue (Acherman, 1958). The microscopic hallmark 
of myositis ossificans is its zonal architecture with mature bone present more likely to be 
located at the periphery of the lesion than in the center. The bone produced in myositis 
ossificans eventually forms a shell-like structure best seen on specimen radiographs (Nuovo, 
1992). Conservative excision is usually curative, but incompletely excised lesions may recur. 

Cytology 

Again the experience with aspiration cytology of these rare lesions is very limited (Dodd and 
Martinez, 2001). Upon entering the lesion with the needle, the presence of bony spicules and 
calcium may give a “gritty” sensation that in itself may suggest this lesion. The smears may 
contain fibroblasts, multinucleated giant cells and fragments of osteoid that should not be 
mistaken for hyaline tissue or amyloid. The giant cells may mimic those seen in giant cell tumors 
of bone (see Chap. 36). Roentgenologic and clinical findings are essential in the recognition of 
this lesion. 
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Bone Tumors 

Bogdan Czerniak 
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Andrzej Kram 
Alberto Ayala 

Primary bone tumors, excluding lymphohematopoietic malignancies, constitute only 0.2% of all 
tumors and occur at a rate of approximately one tenth that of the closely related soft-tissue 
sarcomas. The overall incidence rate is approximately 0.8/100,000 (Dorfman and Czerniak, 
1995). The first well-defined peak occurs during the second decade of life, and the second 
peak occurs in patients older than 60 years (Fig. 36-1). This bimodal age-specific incidence 
rate pattern of bone sarcomas is clearly different from that of soft-tissue sarcomas, which 
gradually increases with age. 

Because bone tumors of different types often have overlapping microscopic features, 
evaluating them without clinical and radiographic context may result in an incorrect 
diagnosis. Therefore, they should be approached as clinicopathological entities whose 
behavior and biological potential must be assessed by both microscopic details and clinical 
factors such as patient age, location in a particular skeletal site, specific radiographic 
presentation, and association with underlying conditions (Sanerkin and Gallagher, 1979). As is 
the case with soft-tissue sarcomas, we advocate a multimodal approach to establish the 
diagnosis with a stepwise analysis of clinical, radiographic, microscopic, and, in 
selected cases, molecular data. Such a multidimensional analysis is more likely to result in a 
clinically valid assessment of the lesion (Saeter, 2003). 

A diagnostic specimen can be obtained by open biopsy or various transcutaneous (closed) 
biopsy techniques (de Santos et al, 1978). The use of the latter techniques, which are often 
assisted by radiographic imaging techniques, has dramatically increased in many institutions. 
Aspiration cytology, combined with core-needle biopsy, is often used as a preliminary diagnostic 
approach to bone lesions, and in many cases it yields adequate material to establish the final 
diagnosis (deSantos et al, 1979b; Ayala et al, 1995; Collins et al, 1998a; Agarwal et al, 2000). 
However, some bone lesions are extremely difficult or even impossible to diagnose on the basis 
of the small amount of material obtained by core-needle biopsies or fine-needle aspirates. In 
such instances, an open biopsy must be performed. 

Aspiration biopsy of bone lesions is one of the oldest diagnostic applications of this technique. 
Coley et al (1931) described their findings in 35 patients, with remarkably accurate results. In 
Argentina, Schajowicz and Lemos (1970) collected several thousand patients for whom the 
primary diagnosis was established by aspiration rather than by open biopsy. Because the 
cytologic sampling may be tedious, the 
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contemporary trend is to perform core-needle biopsies under radiologic guidance and examine 
the residual material in the form of smears. 
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Age at Diagnosis 



Figure 36-1 Bone sarcomas: epidemiology. Age-specific incidence rate and frequency 
distribution, all races, sexes, SEER data, 1973-1987. 



Except for bone lesions in multiple myeloma, which are routinely aspirated for diagnosis, the 
aspiration biopsy is principally used to confirm the nature of suspected, relatively uncommon, 
primary, or (more commonly) metastatic bone tumors. In metastatic cancer, the site of origin may 
be sometimes determined in smears. Aspirations are rarely used to diagnose inflammatory or 
reactive conditions of the skeleton, which include osteomyelitis (caused by Staphylococcus 
or Mycobacterium tuberculosis ), exuberant fracture callus, and other trauma-related 
lesions. 



Planning the biopsy approach (open or closed) is a complex process that must take into 
account the technical aspects of subsequent definitive surgery. An inappropriately selected 
biopsy site may preclude limb-sparing definitive surgery. In general, the location of the biopsy 
track should be such that if the lesion proves to be malignant, it can be excised en bloc with the 
segment of affected bone. This is particularly important if limb-salvaging procedures are to be 
successful. It is generally recommended that preoperative diagnostic procedures should be 
performed at medical institutions that can provide definitive treatment (Simon et al, 1986; 
Raymond et al, 1995). 

In this chapter, we provide an overview of bone lesions, focusing on those conditions that are 
primary targets for aspiration cytology. Benign lesions will be discussed only as points of 
differential diagnosis. 



TECHNIQUES OF ASPIRATION BIOPSY 

Aspiration biopsy of bone lesions has special requirements. To perforate the cortical bone, a 
thick needle (external diameter = 1 .2 to 1 .5 mm) with a stylet is used as a guide for the thin 
needle. The skin and the subcutaneous tissue are locally anesthetized to the level of the 
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periosteum. Subsequently, the thick needle is inserted through the bone to the periphery of the 
lesion. The stylet is withdrawn and a thin needle is introduced into the target through the guide. 

The aspiration then proceeds as in any other organ (see Chap. 28). 

A brief period of general anesthesia is required under the following circumstances: 

■ The tumor causes a great deal of pain or is painful on palpation. 

■ Avertebral body is the target of aspiration. 

■ The aspiration is performed on a child. 

Smaller lesions are often aspirated under the guidance of fluoroscopy or computed tomography 
(CT), which requires close cooperation with the radiologist. Large, palpable lesions of the long 
bones or the sternum can be aspirated without x-ray monitoring. 

Thin-needle aspirates of bone lesions often yield a large amount of blood that may enter the 
lumen of the syringe. Smears prepared from such material are commonly of scant cellularity. 

The methods used to secure diagnostic cells from bloody specimens are described in Chapter 
28. 

OSTEOBLASTIC LESIONS 

Osteoblastic or bone-forming lesions can be divided into three major categories. The first 
category includes lesions that are clinically benign and practically never recur after simple 
excision. The intermediate group consists of lesions with locally destructive growth and a high 
recurrence rate, 
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but virtually no metastatic potential. The third category comprises frankly malignant tumors with 
a high propensity for distant metastasis. Some locally aggressive bone-forming tumors may 
progress, typically after many recurrences, to highly aggressive sarcomas. The phenomenon is 
similar to the progression of low-grade chondrosarcoma to dedifferentiated chondrosarcoma 
(Abdelwahab et al, 1997; Reith et al, 1999). Among bone-forming lesions, areas of anaplasia 
are frequently seen in low-grade intramedullary osteosarcoma and low-grade bone surface 
(parosteal) osteosarcoma (Wold et al, 1984; van Oven et al, 1989; Abdelwahab et al, 1997; 

Shuhaibar and Friedman, 1998; Reith et al, 1999). 

Benign osteoblastic lesions were first recognized as a distinct group by Jaffe and Mayer (1932). 

The identification of osteoid osteoma as a distinct entity came later, in a report by Jaffe 
(1935). Jaffe (1956) and Lichtenstein (1956) independently described osteoblastoma to 
delineate osteoblastic tumors with greater growth potential than osteoid osteoma. More recent 
experience with benign osteoblastic tumors has indicated that some lesions may reach a 
considerable size, exceeding 4 cm in diameter. These lesions have a locally destructive growth 
pattern with a high recurrence rate after curettage, and are referred to as aggressive 
osteoblastomas (Miyayama et al, 1993). 

The three main categories of benign osteoblastic tumors — osteoid osteoma, osteoblastoma, 
and aggressive osteoblastoma — represent a continuum of lesions with different growth 
potentials, levels of extrinsic humoral activity, and recurrence rates (Fig. 36-2). Osteoid 
osteomas and osteoblastomas have nearly identical microscopic features and thus cannot be 
distinguished from one another by microscopy alone. Some authors have proposed that lesions 
larger than 1.5 cm in diameter should be classified as osteoblastomas. In contrast, aggressive 
osteoblastoma, in addition to its larger size (>4 cm), is characterized by the presence of so- 
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called epithelioid osteoblasts (Schajowicz and Lemos, 1970; Lucas et al, 1994). 

Osteosarcoma is a prototypic malignant bone-forming tumor, and the most common primary 
sarcoma of bone. This term is used to describe a heterogeneous group of lesions with diverse 
morphologies and clinical behaviors. Designations such as osteoblastic, chondroblastic, and 
fibroblastic osteosarcoma reflect the microscopic variability of the tumors and the presence of 
histologically different components within one lesion (Inwards and Unni, 1995). Osteosarcoma 
may originate and grow primarily inside the bone (intramedullary osteosarcoma) or it may 
grow on the surface on bone (surface osteosarcoma) within periosteal or paraosteal tissue 
(Ahuja et al, 1977; Bertoni et al, 1982; Okada et al, 1994). The currently recognized types of 
osteosarcoma and the descriptive terms used in their diagnosis are listed in Table 36-1. 



Local Continuous 
Growth 




Osteoblastoma 

Figure 36-2 Benign osteoblastic tumors. Comparative features of biologic behavior and 
growth. (From H. Dorfman and B. Czerniak, Bone Tumors, Mosby, Inc., St. Louis, 1998). 



Osteoid Osteoma 

Osteoid osteoma is a benign tumor that consists of a well differentiated bone-forming nidus 
surrounded by a distinct zone of reactive bone sclerosis. The nidus has limited growth potential 
and usually is less than 1 cm in diameter (Jaffe, 1935; Gitelis and Schajowicz, 1989). Osteoid 
osteomas are relatively common lesions that account for approximately 10% of all primary bone 
tumors. They usually affect teenagers and young adults at a male-to-female ratio of 3:1 . 
Osteoid osteoma has characteristic, often diagnostic, clinical symptoms. In the vast majority of 
cases, patients present with pain of increasing severity that is relieved by aspirin or other 
nonsteroidal antiinflammatory agents. Approximately 50% of osteoid osteomas involve the long 
bones of the lower extremity, with the femoral neck being the most frequent site (Gitelis and 
Schajowicz, 1989.) They also frequently affect the small bones of the hands and feet. In 
contrast to osteoblastomas, they occur infrequently in the spine. Microscopically, the nidus 
consists of an interlacing network of bone trabecule with different levels of mineralization 
rimmed by prominent osteoblasts with occasional multinucleated giant cells (Schajowicz and 
Lemos, 1970). 

Osteoblastoma 

Osteoblastomas occur approximately one third less frequently than osteoid osteomas. They 
affect individuals with an age peak incidence in the second decade of life, and the male-to- 
female ratio is approximately 3:1 . These tumors have a predilection for the axial skeleton and 
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frequently involve the vertebral column, sacrum, and craniofacial bones (Schajowicz and 
Lemos, 1970). 

Radiographically, osteoblastomas are similar to osteoid 
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osteomas. They present as a lytic, well demarcated lesion surrounded by a zone of reactive 
sclerosis with a nidus exceeding 1.5 cm in diameter (Jaffe, 1956; Lichtenstein, 1956) (Fig. 36- 
3A). 



TABLE 36-1 TYPES OF OSTEOSARCOMA AND DESCRIPTIVE TERMS USED IN THEIR 

DIAGNOSIS 

Intramedullary osteosarcoma 

Conventional 

Osteoblastic 

Chondroblastic 

Fibroblastic 

Malignant fibrous histiocytoma-like 
Osteoblastoma-like 
Giant-cell-rich 
Small-cell 
Epithelioid 
Telangiectatic 

Well-differentiated (low-grade intraosseous) 

Secondary osteosarcoma 
Paget's disease 
Postradiation 
Bone infarct 
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Fibrous dysplasia 

Metallic implant 

Chronic osteomyelitis 

Osteosarcoma associated with specific clinical syndromes 



Familial 

Rothmund-Thomson syndrome 

Retinoblastoma 

Multifocal 

Surface osteosarcoma 



Paraosteal (juxtacortical) 

Periosteal 

High-grade surface (de novo and dedifferentiated) 

Intracortical osteosarcoma 



Grossly, the nidus appears as a granular, friable, reddish tissue with secondary changes due to 
hemorrhage and cystic degeneration. 

Microscopically, the nidus is similar to an osteoid osteoma nidus, consisting of a network of 
bone trabeculae distributed in loose fibroblastic stroma with prominent vasculature (Lucas et al, 
1994) (Fig. 36-3B). Multinucleated giant cells and rimming osteoblasts are present (Schajowicz 
and Lemos, 1970; Ruggieri et al, 1996). 

Aggressive Osteoblastoma 
Pathology and Histology 

Aggressive osteoblastomas are extremely rare tumors that are considered as borderline lesions 
between benign osteoblastomas and osteosarcomas (Dorfman and Weiss, 1984). They have a 
higher growth potential than conventional osteoblastomas, and typically exceed 4 cm in 
diameter. Clinically, aggressive osteoblastomas are characterized by destructive growth and 
high risk for recurrence, but they have virtually no metastatic potential. 

Microscopically, the presence of so-called epithelioid osteoblasts is the main histological 
difference between conventional and aggressive osteoblastomas (Miyayama et al, 1993). 
Epithelioid osteoblasts are round cells with abundant eosinophilic cytoplasm and an 
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eccentrically located, large, oval nucleus with a prominent nucleolus. The nucleus is often 
displaced by a clear cytoplasmic area, which ultrastructurally represents an enlarged Golgi 
apparatus. 

Cytology 

Osteoid osteomas are practically never diagnosed by cytology. Aspirations of benign 
osteoblastic lesions are typically performed on larger lesions involving deep anatomic sites that 
require major surgery for an open biopsy (Fig. 36-3A). Aspirations from osteoblastoma are 
highly cellular and contain oval osteoblastic cells with eccentric nuclei and dense 
eosinophilic cytoplasm (epithelioid osteoblasts) (Fig. 36-3D). Some of these cells contain 
a well demarcated cytoplasmic halo representing a prominent Golgi center, a feature 
frequently seen in activated osteoblastic cells (Fig. 36-3, upper inset). Scattered multinucleated 
giant cells are usually present. Mitotic figures are rare. No atypical mitoses or nuclear 
pleomorphism can be seen. Aggressive osteoblastoma should be considered if an aspirate from 
an osteoblastic lesion, exceeding 4 cm in diameter, contains a large population of enlarged 
epithelioid osteoblasts with some nuclear pleomorphism and more than occasional mitotic 
figures. 

Osteosarcoma 

Pathology and Histology 

Osteosarcoma is a malignant tumor of bone in which malignant mesenchymal cells have the 

ability to produce osteoid matrix or immature bone (Unni, 1998). 

It accounts for approximately 20% of all primary sarcomas of bone, excluding multiple myeloma 
and hematopoietic neoplasms. The most frequent sites of skeletal involvement and the peak 
age incidences are shown in Figure 36-4. The age distribution is bimodal, with the first peak 
occurring during the second decade of life, and the second, smaller peak occurring in patients 
older than 50 years. The incidence within the specific bone corresponds to the site of greatest 
growth rate. Accordingly, the distal femoral and proximal tibial metaphyses are the most 
common sites for osteosarcoma. The humerus is the third most frequently involved bone, 
with the majority of cases involving the proximal humeral metaphyses. Other, less frequent 
locations include the axial skeleton, craniofacial bones, and pelvis (Clark et al, 1983). This 
description is limited to the most frequent conventional high-grade intramedullary form of 
osteosarcoma frequently diagnosed by aspiration cytology. 

P.1344 

A more comprehensive description of all variants of osteosarcoma is beyond the scope of this 
review. 
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Figure 36-3 Osteoblastoma of the vertebral column. A Computer tomogram shows a 
lytic destructive tumor containing foci of mineralized bone matrix that involve the pedicle 
and lamina of the thoracic vertebra. It expands into the spinal canal, displacing a dural sac 
and compressing the spinal cord. B. Microscopic features of osteoblastoma composed of 
irregular bony trabeculae rimmed by prominent osteoblastic cells. Note the stroma with 
prominent dilated vascular channels and scattered multinucleated osteoclastic giant cells. 
C. Fine-needle aspirate showing scattered multinucleated giant cells and multiple 
mononuclear epithelioid osteoblastic cells with a prominent eosinophilic cytoplasm. Inset. 
Higher magnification of a multinucleated giant cell with centrally clustered oval nuclei 
containing prominent nucleoli. D. High magnification of epithelioid osteoblastic cells with 
prominent oval densely eosinophilic cytoplasm and peripherally located nuclei containing 
discrete nucleoli. Note that some of the cells contain double nucleoli. Inset. Higher 
magnification of osteoblasts. Some of them show ill-defined cytoplasmic lucency (arrow) 
corresponding to a prominent Golgi center. ( B-D : H&E.) 



Although the vast majority of osteosarcomas are de novo lesions, approximately 10% to 15% of 
them arise in patients with rare clinical syndromes, such as familial osteosarcoma, 
retinoblastoma-associated osteosarcoma, Rothmund-Thomson syndrome, and 
multifocal osteosarcoma. Some tumors may develop in association with several neoplastic 
and nonneoplastic precursor lesions (Dick et al, 1982; Haibach et al, 1985; Hansen et al, 1985). 
Familial osteosarcoma occurs in several generations of families that are most frequently 
affected by retinoblastoma (Draper et al, 1986). Li-Fraumeni syndrome is another familial 
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cancerpredisposing syndrome in which a germ line mutation of 
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the tumor-suppressor gene p53 is associated with a high incidence of osteosarcoma (Garber et 
al, 1991). Rothmund-Thomson syndrome is a very rare condition characterized by lesions of the 
skin, eye, genitals, central nervous system, and bone. This disorder predisposes an individual 
to squamous cell carcinoma of the skin and osteosarcoma, which may be multicentric. 




Figure 36-4 Osteosarcoma: peak age incidence and frequent sites of skeletal 
involvement. The most frequent sites are indicated by solid black arrows. (From H. 
Dorfman and B. Czerniak, Bone Tumors, Mosby, Inc., St. Louis, 1998.) 



Paget's disease is the most frequent nonneoplastic precursor lesion of osteosarcoma in older 
patients (Haibach et al, 1985). Osteosarcomas complicating Paget's disease are usually of high 
grade and most frequently involve the pelvis, humerus, and femur. In general, secondary 
osteosarcomas that complicate predisposing conditions are associated with a significantly 
worse prognosis then conventional de novo high-grade osteosarcomas. Radiation-induced 
osteosarcomas develop with a latency period of 3 years or more after radiation treatment; 
most such tumors are of high grade and follow an aggressive course with short survival (Sim et 
al, 1972). Bone infarcts rarely give rise to osteosarcomas. A small number of high-grade 
osteosarcomas have been reported in patients who have received metallic prosthetic 
implants (Martin et al, 1988). Other nonneoplastic conditions, such as fibrous dysplasia and 
chronic osteomyelitis, are associated with a very low incidence of secondary malignancy 
(Johnston and Miles, 1973). 



Current multidrug chemotherapeutic regimens substantially reduce tumor mass in at least 50% 
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of patients; in some of these patients, complete or near complete necrosis can be 
accomplished. The latter is associated with a substantially better prognosis compared to a 
tumor that responds less favorably to chemotherapy (Raymond et al, 1987). Thus, pathologic 
assessment of chemotherapy effect is now universally accepted as an integral element of 
the multimodal approach (Ayala et al, 1984). Moreover, the degree of necrosis in the 
postchemotherapy specimen is used as a factor in modifying the postoperative treatment 
protocol (Raymond et al, 1995). 

The radiographic presentation of osteosarcoma varies greatly, from completely lytic to 
sclerotic lesions, but typically the combination of these features enables a radiographic 
diagnosis to be established (Sweet et al, 1981; deSantos and Edeiken, 1982; Sundaram et al, 

1987). The production and mineralization of the bone matrix by the tumor results in cloudy 
opacities that vary in size, shape, and density (Fig. 36-5A). These opacities may be uniformly 
distributed throughout the lesion or they may cluster in one or several areas of the tumor. 

Occasionally, osteosarcoma can present as a large, solid, ivory-like sclerotic mass with heavy 
mineralization. The growth pattern is destructive, with ill-defined boundaries between the tumor 
and normal bone (Madewell et al, 1981). Usually the cortex is at least partially, or more often 
completely, disrupted. In such instances, the tumor extends to subperiosteal tissue and elevates 
the periosteum, forming the so-called Codman's triangle. An obvious extension of tumor into 
the periosteal soft tissue is seen in the majority of such cases (deSantos et al, 1979a; Ragsdale 
et al, 1981). 

The gross appearance of osteosarcoma is best described in its typical location, i.e., in the 
metaphyseal portion of a long bone. A combination of bony and soft-tissue areas is responsible 
for the heterogeneous appearance of the tumor, which has areas that vary in color, consistency, 
and degree of ossification (Fig. 36-5B). Heavily ossified areas are ivorycolored and can be as 
hard as normal cortical bone. Less ossified lesions are soft, fleshy, and lighter yellow (deSantos 
and Edeiken, 1982). The tumor exhibits an invasive, bone-destructive growth pattern. Small 
lesions are usually eccentrically located and attached to the inner surface of the cortex. More 
advanced lesions fill the medullary cavity and show evidence of cortical destruction with 
elevation of periosteum and extension into the soft tissue. 

P.1346 
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Figure 36-5 Osteosarcoma of the proximal tibial metaphysis. A T i -weighted 
magnetic resonance (MR) image shows extensive cortical destruction and extension of the 
tumor into soft tissue and the epiphysis, with inhomogeneous signal. Inset. Coronal T i- 
weighted MR image shows an inhomogeneous medullary tumor with circumferential 
extension to the periosteal soft tissue. B. Gross photograph of frontal section of same tibial 
resection specimen after limb salvage procedure shows heavily ossified tumor with 
circumferential extension into the periosteal soft tissue. The tumor is heterogeneous with 
heavily ossified ivory-like areas centrally and less ossified soft-fleshy and gritty appearance 
peripherally. C. Histologic features of high-grade osteosarcoma showing spindle malignant 
cells producing immature osteoid. D. Histologic features of a high-grade osteosarcoma with 
abundance of immature tumor bone deposited by osteoblastic tumor cells. E Fine-needle 
aspirate containing large irregular clusters of highly pleomorphic sarcomatoid cells. Inset. 
Abnormal mitotic figure. F. High magnification of anaplastic sarcomatoid cells forming 
loosely arranged clusters with brisk mitotic activity. Inset shows a multinucleated giant 
tumor cell. G. Higher magnification of anaplastic, somewhat epithelioid sarcomatoid cells 
with pronounced atypia and mitotic activity. (C-G: H&E.) 
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The microscopic findings may vary considerably from lesion to lesion and from area to area. 
Evidence of direct production of an osteoid matrix by sarcomatous cells is required 
before a lesion can be classified as an osteosarcoma. The relations between two tumor 
components — the tumor cells and an extracellular matrix — are very important for diagnosis. 

According to the predominant type of matrix involved, the osteosarcoma is subdivided into three 
main categories: osteoblastic, chondroblastic, and fibroblastic (Dahlin and Unni, 1977; Unni 
and Dahlin, 1989). Osteosarcoma frequently presents as an undifferentiated sarcoma with 
predominant pleomorphic, round, or spindle cells showing only scattered foci of osteoid 
production. The tumor cells may have densely eosinophilic cytoplasm with eccentrically placed 
nuclei, and resemble osteoblasts, but are usually larger than normal or even activated 
osteoblasts. These cells may infiltrate the medullary cavity or extraosseous tissue in a 
dispersed manner or they may grow in large cohesive sheets with epithelioid features (Yoshida 
etal, 1989). 




Figure 36-6 Patterns of osteoid depositions in osteosarcoma. A. Thick trabecula of 
osteoid between sarcomatoid tumor cells. B. Higher magnification of A showing coarse, 
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well developed trabeculae of immature osteoid within sarcomatoid tumor cells. C. Early 
lace-like osteoid bands between sarcomatoid tumor cells. D. Higher magnification showing 
a border between anaplastic tumor cells and a solid area of osteoid. 



The osteoblastic nature of the tumor cells is best recognized by close appositions of 
sarcomatous cells to tumor bone trabeculae, or by their entrapment in lace-like osteoid 
depositions (Fig. 36-6A-D). It is important to remember that osteosarcoma can show the whole 
spectrum of sarcomatous 
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features, from small and undifferentiated, to oval and spindle-shaped, to highly pleomorphic 
neoplasms (Edeiken et al, 1987; Ayala et al, 1989; Nakajima et al, 1997). As in other high-grade 
sarcomas, a prominent vascular hemangiopericytoma-like pattern can be found. Numerous 
atypical mitoses are usually present. At the opposite end of the spectrum are highly ossified 
sclerosing lesions in which a full range of tumor bone production can be observed. 

Osteosarcoma can also exhibit cartilaginous differentiation. In some instances, the 
cartilaginous component may be extensive and dominant throughout the lesion, but even in 
predominantly chondroid tumors, at least focal direct osteoid production by sarcomatous tumor 
cells can be found. Tumors with predominantly chondroblastic features are frequently found in 
the craniofacial bones. The fibroblastic type of osteosarcoma is characterized by the presence 
of a predominant spindle-cell component similar to that seen in fibrosarcoma. The production of 
osteoid by fibroblast-like cells discloses the bone-forming nature of these lesions and helps to 
differentiate them from other spindle-cell neoplasms of the bone (see Table 36-1 ). 

Cytology 

Aspirates from osteosarcomas are usually, but not always, highly cellular and contain frankly 
malignant mesenchymal cells arranged in large clusters and smaller groups, or individually 
dispersed (see Fig. 36-5E-G). Osteosarcoma cells are spindled, oval, rounded, epithelioid, or 
pleomorphic, and show a high degree of cellular atypia. The malignant cells often have 
abundant dense cytoplasm and large nuclei containing prominent nucleoli that do not show any 
specific feature of osseous differentiation. The overall cytologic picture, in most instances, is 
indistinguishable from that of a pleomorphic malignant tumor, such as a malignant 
fibrous histiocytoma (Hakky et al, 1990). Cytologic preparations from osteosarcoma may 
contain variable amounts of collagen that mimics an osteoid. Fragments of cartilage matrix, as 
well as multinucleated giant cells, may also be present (Ellison et al, 1996). In general, a 
correlation of cytologic findings with clinical and radiographic presentations permits a 
preoperative cytologic diagnosis of osteosarcoma to be established in most cases (White et al, 

1988). 

TUMORS OF CARTILAGE 

Tumors of cartilage can be benign or malignant. Benign cartilaginous lesions can be reactive, 
neoplastic, hamartomatous, or dysplastic in nature. In all of these conditions, proliferating 
cartilage cells may show cytologic atypia, and thus evaluations of these lesions that disregard 
the clinical and radiological contexts may lead to serious diagnostic errors (Bonnevialle et al, 

1988). The rare cartilage-containing reactive lesions, such as synovial chondromatosis, 
florid reactive periosteitis, bizarre parosteal osteochondromatous proliferations, 
acquired osteochondroma, subungual exostosis, and pubic osteolysis, are all 
characterized by proliferation of cartilage, which may show pronounced atypia (Bendl, 1980; 
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Spjut and Dorfman, 1981; Nora et al, 1983; Lindeque et al, 1990; Meneses et al, 1993; Edeiken 
et al, 1994). Chondroma is a prototypic, benign cartilage neoplasm that most frequently 
involves the medullary cavity and rarely presents as a subperiosteal (juxtacortical) lesion (Bauer 
et al, 1982). Enchondromatosis represents a dysplastic cartilage condition and occurs in two 
clinical settings: Ollier's disease and Maffucci syndrome. The lesions of cartilage in these 
conditions may show pronounced atypia (Lewis and Ketcham, 1973; Cannon and Sweetnam, 

1985). Chondroblastoma and chondromyxoid fibroma are two examples of benign 
neoplasms. They are characterized by the presence of immature cartilage cells, which may 
focally produce extracellular cartilaginous matrix. Developmental cartilage anomaly of the 
hamartomatous type is represented by osteochondroma, which may be solitary or multiple. 

Chondrosarcoma is the term given to a heterogeneous group of cartilage tumors that are 
characterized by diverse morphologic features and clinical behaviors, which range from locally 
aggressive, slowly growing, nonmetastazing lesions to highly aggressive, lethal sarcomas 
(Sanerkin and Gallagher, 1979; Gitelis et al, 1981). Conventional chondrosarcoma is the most 
frequent malignant cartilage tumor, and it is further subdivided into three grades based on the 
level of nuclear atypia. Most chondrosarcomas are of the low and intermediate grades (grades 
1 and 2). Since the degree of atypia in grade 1 chondrosarcoma may overlap with the atypia 
seen in benign chondroma, it is often impossible to differentiate these lesions without clinical 
and radiographic correlation. The special types of chondrosarcoma include dedifferentiated, 
clear-cell, and mesenchymal chondrosarcoma (McCarthy and Dorfman, 1982; Frassica et 
al, 1986; Laporte et al, 1996). These tumors have distinct morphologic features and clinical 
behaviors, and should be considered entities separate from conventional chondrosarcoma. The 
differences in the biologic potential of cartilage lesions, as related to their degree of 
differentiation, are provided in Figure 36-7. 

Because of the presence of nuclear atypia in many benign neoplastic and metaplastic 
conditions that overlaps with atypia seen in malignant cartilage tumors, aspiration cytology 
has a limited application in the differential diagnosis of cartilage lesions. It is typically 
used as a preliminary diagnostic approach to radiographically identified lesions suspected to 
represent chondroblastoma, and, less frequently, chondromyxoid fibroma. It may also be used 
to rule out dedifferentiation in radiographically suspected high-grade chondrosarcoma. Reactive 
and metaplastic cartilage lesions are practically never diagnosed by cytology. Cytology is also 
not recommended as a diagnostic modality for the differential diagnosis of benign 
versus low to intermediate grade hyaline cartilage tumors, but it may be used to verify the 
nature of clinically and radiographically identified recurrent or metastatic lesions in patients with 
a history of treated chondrosarcoma. 

Chondromyxoid Fibroma 
Pathology and Histology 

Chondromyxoid fibroma is composed of myxoid mesenchymal tissue, corresponding to early 
primitive phases of 
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cartilaginous differentiation. It accounts for less than 1% of all primary bone tumors (Feldman et 
al, 1970). Chondromyxoid fibroma has a predilection for metaphyseal parts of the long tubular 
bones, predominantly of the lower extremity. 
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Figure 36-7 Differences in the biological potential of cartilage lesions. Graphic 
representation related to their degree of differentiation and clinical behavior. (From H. 
Dorfman and B. Czerniak, Bone Tumors, Mosby, Inc., St. Louis, 1998.) 



Approximately 30% of cases are diagnosed in the knee region, where the proximal tibial 
metaphysis is the most frequently involved site, followed by the distal femoral metaphysis. A 
unique subset of chondromyxoid fibromas involves the small bones of the acral skeleton, 
predominantly the feet. The pelvis, especially the ilium, is a frequently affected flat bone. Most 
patients are in their second or third decade of life, but there are scattered cases involving 
patients in the later decades of life (Batsakis and Raymond, 1989). 



Radiographically, chondromyxoid fibromas are well demarcated eccentric lytic lesions whose 
long axis parallels the affected bone (Fig. 36-8A.B). The intramedullary margin has 
characteristic sharply demarcated, scalloped borders with sclerosis. 



Grossly, chondromyxoid fibroma presents as a sharply demarcated, firm, gray-white lobulated 
mass that is eccentrically located and is always surrounded by intact periosteum. 

Microscopically, chondromyxoid fibroma shows a pseudolobulated architecture with 
myxomatous and chondroid areas separated by hypercellular tissue (Fig. 36-9A.B). The 
hypercellular component is composed of mononuclear cells with scattered multinucleated giant 
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cells, and shows an overall resemblance to chondroblastoma. Immature myxoid mesenchymal 
tissue, which creates a pseudolobulated pattern, contains stellate or oval cells that may present 
some degree of hyperchromasia. Foci of early primitive chondroid differentiation may be 
present (Bleiweiss and Klein, 1990). 

Approximately 30% of chondromyxoid fibromas, especially these located in the small bones of 
the acral skeleton, show focal features of nuclear atypia. If the microscopic features are 
analyzed without correlation with clinical and radiologic presentations, they may be 
misinterpreted as myxoid chondrosarcoma (Wu et al, 1998). 

Cytology 

Fine-needle aspirates of chondromyxoid fibroma typically show ill-defined lakes of myxoid 
material with scattered, isolated, primitive mesenchymal cells and occasional multinucleated 
giant cells (Fig. 36-9C). Less frequently, three-dimensional hypercellular clusters of loosely 
arranged cells, corresponding to more cellular chondroblastoma-like areas, are present (Fig. 

36-9D). In general, a cytologic diagnosis of chondromyxoid fibroma can be established when 
the microscopic features are correlated with a characteristic radiologic presentation in its typical 
location. If the chondromyxoid fibroma involves less typical anatomic sites and the radiographic 
presentation is equivocal, it is usually cytologically diagnosed as an unclassified benign myxoid 
lesion. 

Chondroblastoma 
Pathology and Histology 

Chondroblastoma is a distinct benign cartilage tumor composed of mononuclear chondroblastic 
cells that focally produce 
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immature cartilaginous matrix (Dahlin and Ivins, 1972). Chondroblastomas are rare lesions, 
accounting for only about 1% of all primary bone tumors. They have a predilection for the 
epiphyses of the major long tubular bones. The distal femoral and proximal tibial epiphyses, 
followed by the proximal humerus and proximal femur, are the most frequently involved sites. 
Epiphyseal-equivalent sites of flat bones, such as the periacetabular region in the pelvis, may 
also be involved. Most chondroblastomas are diagnosed in skeletally immature patients in their 
second decade of life. Approximately 10% of these lesions are diagnosed in patients older than 
50 years (Turcotte et al, 1993a). 
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Figure 36-8 Chondromyxoid fibroma: radiographic features. Plain radiographs of a 
large chondromyxoid fibroma of the distal femoral metaphysis. The lesion is completely 
radiolucent, sharply demarcated by a sclerotic margin, and eccentric in location. 



Chondroblastoma may recur after simple curettage, and may produce benign lung implants 
that can be successfully treated by surgery. In extremely rare instances, long-lasting 
chondroblastomas may progress to a high-grade sarcomatoid malignancy. 

Radiographically, chondroblastomas are benign-appearing oval or round lytic lesions located 
in the epiphysis, with a sharply demarcated sclerotic margin (Fig. 36-1 OA-D). Larger tumors may 
expand the bone contour but they do not erode the overlying cortex (Bloem and Mulder, 1985). 
Approximately 20% of chondroblastomas show superimposed aneurysmal bone cyst 
formation, which typically produces marked expansion of the involved bone. Such lesions may 
have an aggressive radiographic appearance, with a completely destroyed cortex (Kurt et al, 
1990). 

Grossly, chondroblastomas are well demarcated, gray-tan lesions that frequently undergo a 
secondary cystic change. 

Microscopically, chondroblastomas are composed of round or oval mononuclear 
chondroblastic cells with scattered multinucleated giant cells (Fig. 36-11AB,D). Chondroblastic 
cells have round or oval dense eosinophilic cytoplasm with eccentrically placed nuclei, which 
frequently show characteristic longitudinal clefts (grooves). Scattered multinucleated giant cells 
have features of osteoclasts. 

Matrix deposition with myxoid features representing early cartilage formation, and characteristic 
focal linear calcifications (referred to as chicken wire) are typical features of 
chondroblastoma. 

The formation of more mature hyaline cartilage is extremely rare. The microscopic features of 
aneurysmal bone cyst formation can be found in most lesions. Secondary reactive changes, 
such as fibrosis, foamy histiocytes, and reactive bone formation, are usually seen at the 
periphery of the lesion. 
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Cytology 

Fine-needle aspirates of chondroblastoma are cellular and contain a population of 
mononuclear chondroblasts admixed with scattered multinucleated giant cells. Dispersed 
mononuclear chondroblasts demonstrate well-defined, deeply eosinophilic cytoplasm with 
centrally or eccentrically placed oval or round nuclei, which frequently contain longitudinal 
grooves (Fig. 36-1 1C-G). Larger, more active chondroblasts show characteristic clearing of 
cytoplasm near the nucleus, which ultrastructurally represents a large Golgi apparatus. Three- 
dimensional clusters of mononuclear chondroblastic cells are infrequent. Multinucleated 
osteoclast-like giant cells, characterized by multiple dispersed nuclei, are usually present 
(Fig. 36-11). The multinucleated giant cells are a constant cytologic feature of smears from 
chondroblastoma. In contrast to giant-cell tumor of bone, however, in which nuclei of both 
mononuclear and multinucleated giant cells present identical morphologic features, the nuclei of 
chondroblasts differ morphologically from the smaller nuclei of osteoclast-like giant cells. 

Fragments of myxoid matrix representing early cartilage may be seen in cytologic preparations. 

Overall, the cytologic features are very characteristic, and chondroblastoma may be diagnosed 
with a high degree of accuracy by fine-needle aspiration (FNA) biopsy. 

P.1351 



2360 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



36 - Bone Tumors 




Figure 36-9 Chondromyxoid fibroma: histologic and cytologic features. A,B. 
Histologic features of the periphery of a pseudolobule with both stellate and spindle cells in 
loose myxoid stroma and sheets of more rounded cells resembling chondroblasts. Top 
inset. Amultinucleated giant cell frequently seen in chondromyxoid fibromas. C. Fine- 
needle aspirate shows loosely arranged spindle and stellate cells in loose myxoid material. 
Left inset. Higher magnification of spindle cells within a myxoid stroma. D. Higher 
magnification of chondroblastic cells with oval cytoplasm and peripherally located nuclei. 
Right inset. Higher magnification of stellate stromal cells characteristic of chondromyxoid 
fibroma. 
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Figure 36-10 Chondroblastoma: radiographic features. A,B. Anteroposterior and lateral 
plain radiographs of the tibia, showing chondroblastoma involving the distal tibial epiphysis. 
Note the well demarcated defect with sclerotic margins. C,D. Sagittal T 2 -weighted MR 
image demonstrates inhomogeneous signal in a well-demarcated epiphyseal lesion. 



Chondrosarcoma 
Pathology and Histology 

Chondrosarcoma is a malignant neoplasm derived from cartilage lineage cells. It produces an 
extracellular matrix that is entirely chondroid in nature. 

Foci of secondary enchondral ossification may be present, but they should not be confused 
with osteoblastic differentiation. 



Chondrosarcoma is the second most frequent primary malignant tumor of bone, 

accounting for approximately 25% of all primary bone sarcomas. It primarily affects patients 
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during the six and seventh decades of life. Chondrosarcomas have a predilection for the trunk 
bones, which are involved in nearly 50% of the cases, with the pelvis and ribs being the typical 
sites of involvement (Shives et al, 1989; Sheth et al, 1996; Pring et al, 2001). Long tubular 
bones, such as the femur and humerus, are next in frequency. Chondrosarcoma extremely 
rarely affects the small bones of the hands and feet (Ogose et al, 1997; Cawte et al, 1998). The 
most common sites of skeletal involvement and the peak age incidence are shown in Figure 36- 
12 . 

More than 90% of primary chondrosarcomas are conventional intramedullary tumors of bone. 

Primary juxtacortical 
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(surface) chondrosarcomas are extremely rare. Secondary chondrosarcomas that complicate 
other conditions, such as osteochondromas, Olier's disease, or solitary enchondromas, are 
morphologically very similar to conventional chondrosarcomas. They constitute a distinct group 
of lesions and are defined by the clinical settings in which they occur. The special types include 
dedifferentiated, mesenchymal, and clear-cell chondrosarcoma (Frassica etal, 1986; 

Nakashima et al, 1986; Ishida et al, 1995; Hoang et al, 2000; Estrada et al, 2002). These 
morphologically distinct tumors have specific clinical and radiologic presentations that should be 
separated from those of conventional chondrosarcomas (Eustace et al, 1997). Tumors in which 
malignant cartilaginous cells exhibit bone-forming capability should be classified as 
chondroblastic osteosarcoma and not as chondrosarcomas (Welkerling et al, 1991). 



2363 / 3276 



36 - Bone Tumors 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 




cr 



»• * •' 

' /-tf V 

■ * ■/ 

L . •- 

' C * •*■ 

©* ■ • ?£ f. E 




* J FI 

/• # / 



Figure 36-11 Chondroblastoma: histologic and cytologic features. A Histological 
section of chondroblastoma showing the typical linear streaks of calcifications (chicken 
wire calcification) and areas of chondroid deposition (*). B. High magnification of 
chondroblastoma with chondroblastic cells displaying peripherally located nuclei and 
scattered multinucleated giant cells. C. Fine-needle aspirate shows dispersed 
chondroblastic cells with oval cytoplasm. D. Histologic section demonstrating 
multinucleated giant cells surrounded by mononuclear chondroblastic cells. E 
Multinucleated giant cell in a fine-needle aspirate. F,G. Higher magnification of 
chondroblastic cells in a fine-needle aspirate. Note the well demarcated oval eosinophilic 
cytoplasm and slightly elongated nuclei with dispersed chromatin and occasional 
longitudinal grooves (arrow). 



Chondrosarcomas range in behaviors from slowly growing, nonmetastasizing tumors to highly 
aggressive lethal sarcomas with a high propensity for distant metastasis. Based on the 
histological features, such as nuclear atypia and cellularity, conventional chondrosarcoma is 
subdivided into three grades. These grades correlate well with the clinical behavior of the 
tumor (Sanerkin, 1980). Grade 1 chondrosarcomas are typically indolent, locally aggressive 
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lesions with minimal or no potential for distant metastasis. Grade 2 tumors are intermediate in 
their malignant behavior and exhibit low metastatic potential. Most of the conventional 
chondrosarcomas are low- to intermediate-grade lesions. Only approximately 10% of 
conventional chondrosarcomas are high-grade (grade 3) tumors, which exhibit aggressive 
behavior with a high potential for distant metastasis. In general, chondrosarcomas produce 
distant blood-borne metastases, primarily to the lungs, but occasionally to regional lymph 
nodes. Pain of several months' duration is a very characteristic clinical symptom and represents 
an important element in the differential diagnosis between malignant and benign cartilage 
lesions. 

Radiographically, chondrosarcoma presents as an area of radiolucency that frequently 
contains punctuate and ring-like calcifications (Fig. 36-1 3A-C). The density of these 
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calcifications and their level of mineralization may vary from lesion to lesion, as well as in 
different areas of a single lesion. In rare instances, cartilage lesions appear so densely calcified 
that it may not be possible to distinguish them from bone-forming tumors. On the opposite end 
of the spectrum are cartilaginous lesions that are radiographically completely lytic. Most 
frequently, however, chondrosarcoma presents as a radiolucent area with moderate numbers of 
opacities, and its cartilaginous nature can be easily recognized on plain radiographs. Bone 
contour in the affected region is usually expanded and the overlying cortex is thinned, showing 
multiple inner surface erosions (endosteal scalloping). In more advanced lesions, complete 
cortical disruption with an extension into soft tissue is present. 




Figure 36-12 Chondrosarcoma: peak age incidence and frequent sites of skeletal 
involvement. Most frequent sites are indicated by solid black arrow. (From H. Dorfman 
and B. Czerniak, Bone Tumors, Mosby, St. Louis, 1998.) 
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Grossly, a characteristic picture of chondrosarcoma is that of a lobulated tumor composed of 
translucent hyaline nodules (Fig. 36-1 3B-D). Mineralization of the peripheral parts of these 
lobules produces a chalk-like or granular appearance. The less differentiated tumors may 
present as soft and myxomatous lesions. Hemorrhage and necrosis are sometimes seen in 
these lesions. 

Microscopically, the cartilaginous nature of the lesion is easy to recognize. The tumor cells 
resemble normal chondrocytes and lie in the lacunar spaces embedded within hyaline cartilage 
matrix (Fig. 36-1 4A). Foci of myxoid change may be present. The lobulated architecture of the 
lesion is easily appreciated at low power. The tumor cells are more or less uniformly distributed 
in the cartilaginous matrix, or they form small clusters. Chondrosarcomas show various degrees 
of cytologic atypia and cellularity, which provide the foundation for their three-tier grading 
system. In general, grade 1 chondrosarcomas are microscopically very similar to an 
enchondroma or normal cartilage, and their diagnosis cannot be established without supporting 
radiologic and clinical evidence. Grade 2 chondrosarcomas are characterized by increased 
cellularity and obvious nuclear atypia. The cells form loose clusters that vary in size. Nuclei with 
open chromatin pattern and distinct nucleoli are present in the majority of the cells. Binucleated 
cells are frequent. All chondrosarcomas with myxoid change are classified as grade 2 tumors. 

Grade 3 chondrosarcomas are frankly malignant lesions with high cellularity, prominent nuclear 
atypia, and mitotic figures (Pring et al, 2001). 

Cytology 

Aspiration biopsy rarely has any value in the differential diagnosis of borderline cartilage 
lesions, and is practically never performed when there is a problem in differentiating 
enchondroma from low-grade chondrosarcoma. Aspirates are often performed in radiologically 
aggressive lesions to confirm their cartilaginous nature and rule out potential progression to an 
undifferentiated, high-grade sarcomatoid neoplasm (dedifferentiation). Cytology is also used in 
the differential diagnosis of enlarged lymph nodes and other internal organ lesions to rule out 
metastasis or recurrence of clinically known chondrosarcoma. Therefore, the description of 
cytologic features is restricted to grade 2 and higher lesions, as well as dedifferentiated 
chondrosarcoma. 

Aspirates from chondrosarcoma are moderately to highly cellular and contain neoplastic cells 
arranged in loose three-dimensional clusters, dispersed within an amorphous myxoid or 
hyalinized eosinophilic background, corresponding to cartilage matrix (Fig. 36-14B,C). Cartilage 
tumor cells are large, oval, with well demarcated, dense eosinophilic cytoplasm (Fig. 36-1 4D-H). 

Myxoid chondrosarcoma of bone has unique cytologic features showing clusters of poorly 
differentiated mesenchymal cells with 
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numerous blood vessels, corresponding to plexiform vascular channels seen in histologic 
specimens. Aspirates from conventional grade 2 and 3 chondrosarcoma show obvious features 
of cell pleomorphism with prominent nucleoli. Their cartilaginous nature usually can be 
recognized in correlation with clinical and radiologic features. Large intranuclear cytoplasmic 
inclusions (“nuclear holes”) may be present (Fig. 36-14E). As in histologic preparations, tumor 
cells in aspirates are positive for S-100 and Sox-9 nuclear protein (Wehrli et al, 2003). Diffusely 
myxoid chondrosarcomas of bone are less likely to be cytologically recognized and are 
often designated as unclassified myxoid neoplasms. The cytologic features of dedifferentiated 
chondrosarcoma are indistinguishable from any high-grade undifferentiated sarcoma or 
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malignant fibrous histiocytoma. Dedifferentiated chondrosarcoma can be recognized 
cytologically if the microscopic features correlate with radiologic and clinical presentations 
showing biphasic bone tumor composed of cartilage and associated with highly aggressive, 
noncartilaginous areas. The cytologic features of metastatic chondrosarcoma reflect those of 
the primary tumor. 




Figure 36-13 Chondrosarcoma: radiographic and gross features. A. Plain radiograph 
showing a destructive intramedullary lesion involving the distal femur with irregular 
thickening of the overlying cortex, and complete cortical disruption laterally. B. T-j-weighted 
MR image of the same tumor, showing an extensive lowsignal intramedullary lesion with 
cortical disruption and soft-tissue extension laterally. C. T2-weighted image of the same 
tumor shows irregular signal enhancement within the lesional tissue, with complete cortical 
disruption and soft-tissue extension laterally. D. Gross specimen of the same lesion, 
showing extensive intramedullary cartilaginous tumor with a destructive growth pattern and 
irregular thickening of the overlying cortex, with complete cortical destruction and soft- 
tissue extension laterally. 
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GIANT-CELL TUMOR 

Pathology and Histology 

Giant-cell tumor of bone is a distinct clinicopathologic entity characterized by locally aggressive 
growth of the tumor. 

R1356 

It is composed of mononuclear cells, resembling macrophages, intermingled with a 
prominent population of multinucleated giant cells. Giant-cell tumors of bone account for 
approximately 4% of all primary bone tumors. 




Figure 36-14 Chondrosarcoma: histologic and cytologic features. A Histologic 
features of conventional chondrosarcoma showing a hyaline tumor with cartilage tumor 
cells residing in lacunar spaces, and displaying mild to moderate variations in size 
consistent with grade 2 chondrosarcoma. B,C. Fine-needle aspirates show loosely 
arranged tumor cartilage cells surrounded by hyaline cartilage matrix. Note the open 
chromatin of the nuclei with prominent nucleoli. Some of the cartilage tumor cells show 
double nuclei. D,E. Higher magnification to show loosely arranged cartilage tumor cells 
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with oval cytoplasm and nuclei with prominent nucleoli and occasional intranuclear 
cytoplasmic inclusions (arrows). F-H. Higher magnification of individual chondrosarcoma 
cells with oval cytoplasm and peripherally located nuclei showing prominent nucleoli and 
intranuclear cytoplasmic inclusions (arrow). 



The epiphyseal ends of long tubular bones, such as the distal femur, proximal tibia, and distal 
radius, are the most frequently involved sites. The sacrum is the most frequently involved bone 
in the axial skeleton (Turcotte et al, 1993b). Giant-cell tumors of bone are virtually always 
encountered in skeletally mature patients. 

The peak age incidence is in the third or fourth decades of life. It is very unusual for giant-cell 
tumors to occur in patients younger than 20 years or older than 55 years (Fig. 36-15). 

Giant-cell tumors of bone are locally aggressive neoplasms with very limited potential for distant 
metastasis (Frassica et al, 1993). Rarely, giant-cell tumors may behave more aggressively, 
producing pulmonary implants. Typically, pulmonary implants of conventional giant-cell 
tumors are solitary lesions characterized by a very slow growth rate and a nonaggressive 
clinical course. Occasionally, however, they present as multiple miliary-type lesions that may 
follow an aggressive clinical course (Siebenrock et al, 1998). 

Development of high-grade sarcoma (dedifferentiation) with features of malignant fibrous 
histiocytoma or osteosarcoma in previously conventional giant-cell tumor is a well-established 
phenomenon. This usually occurs after several recurrences of conventional giant-cell tumor, 
and is more often seen after irradiation of the primary lesion. Primary (de novo) malignant giant- 
cell tumor is extremely rare (Meis et al, 1989). 

The primary treatment for conventional giant-cell tumor is curettage and bone grafting. 

Recurrent lesions usually are adequately treated by a second curettage. 

Giant-cell tumor has a very characteristic radiologic appearance and typically presents a 
well-defined, eccentric lytic lesion that involves the epiphysis of a skeletally mature patient. The 
bone contour is expanded and shows a thinned cortex, which sometimes may be focally 
destroyed (Fig. 36-1 6A). Radiologic features of aggressiveness, such as ill-defined margins; a 
thinned, expanded cortex; invasion of the cortex; and extension of the lesion into surrounding 
soft 
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tissue do not correlate with microscopic criteria of malignancy or the clinical behavior of the 
tumor. 
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Figure 36-15 Giant-cell tumor. Peak age incidence and frequent sites of skeletal 
involvement for a giant-cell tumor. The most frequent sites are indicated by a solid black 
arrow. (From Dorfman H, Czerniak B. Bone Tumors. Mosby, Inc.: St. Louis, 1998.) 



Grossly, the soft, friable, fleshy, red-brown tumor tissue is well demarcated from the 
surrounding bone and soft tissue. Areas of hemorrhage, necrosis, and cyst formation are 
constant gross features. Athin layer of fibrous tissue and reactive bone usually delineates the 
tumor. When bony cortex is destroyed and the tumor extends to the soft tissue, a thin shell of 
subperiosteal bone surrounds the periphery of the lesion (Fig. 36-1 6B). 

Histologically, the two populations of cells (mononuclear histiocytic cells and multinucleated 
giant osteoclastlike cells) are readily recognized (Fig. 36-1 6C,D). Mononuclear cells are oval, 
plump, or spindle-shaped, and are the predominant components of the lesion, whereas 
multinucleated giant cells are uniformly scattered throughout the tumor. The giant cells usually 
have a large number of nuclei, which cluster centrally within the cytoplasm. Not infrequently, 
more than 100 nuclei can be found in one such cell. The nuclei of the multinucleated giant cells 
and the mononuclear cells are identical. The microscopic features of giant-cell tumor are 
frequently modified by secondary changes. Focal proliferation of fibroblasts, hemorrhage, 
necrosis, and aneurysmal bone cyst formation are frequently seen. In some instances, these 
changes may almost totally obscure the features of the preexisting neoplasm. In such cases, it 
is extremely difficult to diagnose giant-cell tumor without careful examination of the clinical and 
radiologic data. 

Cytology 

Fine-needle aspirates of giant-cell tumor typically show two populations of cells: the dominant 
mononuclear cells and the less frequent multinucleated giant cells (Fig. 36-1 6E-G). 
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Mononuclear cells, which have a histiocytoid appearance, are either dispersed or arranged in 
small three-dimensional clusters (Fig. 36-1 6D-F). Multinucleated giant cells are similar to 
osteoclasts but usually contain many more nuclei. Characteristically, the nuclei of 
mononuclear cells are identical to the nuclei of giant cells. This is a distinct cytologic 
feature of giant-cell tumor of bone. These cytologic features are often obscured by secondary 
changes, such as proliferation of fibrous tissue accompanied by foamy histiocytes. In such 
instances, correlating the cytologic findings with the clinical and radiologic data may help to 
establish the correct diagnosis. 

CHORDOMA 

Pathology and Histology 

Chordoma is a malignant neoplasm that exhibits notochordal differentiation and clinically is 
predominantly characterized by locally aggressive growth. 

It accounts for 3% to 4% of all primary malignant bone tumors, and is the fourth most frequent 
primary malignant tumor of bone after osteosarcoma, chondrosarcoma, and Ewing's sarcoma. 
Chordoma almost exclusively involves the axial skeleton. The base of the skull and the 
sacrococcygeal region are the most frequently affected sites, accounting for nearly 90% 
of all cases. Rarely, chordoma may involve vertebral bodies, mainly in the lower thoracic and 
lumbar region. Extraskeletal soft-tissue chordomas may originate from the paraspinal soft 
tissue. The incidence gradually increases during the fifth and six decades of life. 

Chondroid chordoma is a rare variant of chordoma 
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characterized by the presence of cartilaginous elements intermingled with conventional 
chordoma. Various proportions of chondroid and chordoid tissue may be present in different 
lesions (Mitchell et al, 1993; Ishida and Dorfman, 1994). 
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Figure 36-16 Giant-cell tumor of proximal tibial epiphysis. A. Anteroposterior view of 
a giant-cell tumor in a plain radiograph involving the proximal tibial epiphysis. Note the 
expanded contour of the tibia. B. Gross photograph of the resection specimen shown in A 
with an expansile red-brown tumor containing fine yellowish septations. The cortex 
overlying the tumor is destroyed with expansion of the bone contour delineated by a thin 
fibrous capsule. C. High magnification showing two multinucleated giant cells within 
mononuclear stroma. Note that the nuclei of the mononuclear stromal cells and the 
multinucleated giant cells have a similar appearance. D. Histologic appearance of the 
same tumor showing scattered multinucleated giant cells among mononuclear stromal cells 
resembling histiocytes. E,F. Fine-needle aspirates containing multiple mononuclear stromal 
cells and multinucleated osteoclastic cells. G. Higher power demonstrating mononuclear 
stromal cells with oval nuclei and discrete nucleoli. Inset. A stromal cell with two nuclei and 
oval densely eosinophilic cytoplasm. 



Progression to a high-grade undifferentiated sarcoma (dedifferentiation), similar to that seen in 
chondrosarcoma, may occur in chordoma. In dedifferentiated tumors, conventional chordoma is 
accompanied by high-grade malignant spindle cells, reminiscent of a pleomorphic sarcoma 
(Meis et al, 1987; Tomlinson et al, 1992). 

Although chordoma behaves mainly as a locally aggressive tumor, it is associated with a high 
mortality rate (the mean survival is approximately 4 years). This is because of its location in the 
axial skeleton and the frequent involvement of vital structures. Distant metastases are rare 
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and occur in less than 10% of patients. Complete surgical excision of the primary tumor is a 
treatment of choice. Unresectable 
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tumors are treated by debulking and adjuvant radiation therapy. Aggressive clinical behavior 
with early distant metastases and massive vascular tumor emboli may occasionally be seen. 

Pain and symptoms originating from compression of neighboring organs and structures are the 
characteristic clinical presentations. 

Radiographically, chordomas are lytic lesions with scattered discrete opacities, which 
represent intralesional calcifications (Fig. 36-1 7AB). The involvement and destruction of 
neighboring organs, such as the clivus, sella turcica, optic nerve, pituitary gland, vertebral 
bodies, spinal cord, sacrum, and rectum, occur very frequently. 

Grossly, chordomas are similar to chondrosarcomas and present as soft, gray-tan 
multilobulated masses (Fig. 36-17C). They are well demarcated lesions, but the neoplastic 
tissue usually extends beyond grossly recognizable borders. 
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Figure 36-17 Chordoma: radiographic, gross, and microscopic features. A Axial 
computer tomogram shows a destructive mass protruding posteriorly and anteriorly from 
the sacrum. B. T 1 -weighted sagittal MR image of chordoma shown in A with a 
predominantly anterior low signal mass (arrows). C. Sagittally cut resection specimen of 
the tumor shown in A and B demonstrates a lobulated fleshy tumor mass destroying the 
sacrum and extending to the soft tissue anteriorly and posteriorly. D. Histologic section of 
the same tumor shows cords of chordoma cells with multivesicular cytoplasm growing in a 
myxoid stroma. 



Microscopically, chordomas are composed of cords, nests, and solid areas of large cells 
embedded in myxoid intercellular matrix (Fig. 36-1 7D). The proportions of the cellular matrix and 
its components vary among cases and in different parts of the same tumor. In the most typical 
tumors, areas of neoplastic cells form anastomosing cords with focal solid areas separated by 
the matrix. Vacuolization of the cytoplasm of chordoma cells is a characteristic cytologic 
feature (Fig. 36-1 8A). Large single or multiple vacuoles, which displace the nucleus 
peripherally, create a morphology similar to that of a signet ring cell. Aphysaliphorous cell 
containing centrally located nucleus, scalloped by multiple cytoplasmic vacuoles, is a hallmark 

R1360 

of chordoma (Fig. 36-18B). The immunohistochemical profile of chordoma, which is 
characterized by the co-expression of S-100 protein and epithelial markers (e.g., cytokeratins 
and epithelial membrane antigen (EMA)), is helpful in establishing a differential diagnosis with 
chondrosarcoma. Positive cytoplasmic staining with periodic acid-Schiff, which is diastase 
sensitive, is also very characteristic. 
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Figure 36-18 Chordoma: histologic and cytologic features. A,B. Histologic features of 
chordoma demonstrating tumor cells with vacuolated cytoplasm growing in cords and 
trabecule within loose myxoid stroma. A larger tumor cell with vacuolated cytoplasm 
surrounding the nucleus (physaliphorous cell) is shown in B (arrows). C. Fine-needle 
aspirate containing loosely arranged chordoma cells with myxoid extracellular matrix. D. 
Higher magnification of chordoma cells with ill-defined cytoplasm, and a larger cell with a 
prominent vacuolated cytoplasm corresponding to a physaliphorous cell (arrows). Inset. 
Higher magnification of chordoma cells with vesicular cytoplasm and prominent nucleoli. 



Cytology 

Fine-needle aspirates from chordoma usually are cellular and contain abundant myxoid material 
admixed with clear, vacuolated neoplastic cells (Fig. 36-18C,D). The presence of cells with 
vacuolated cytoplasm and centrally placed, scalloped nuclei (i.e., physaliphorous cells) is 
characteristic of chordoma (see Fig. 36-17). However, such classic cells are rare. The vast 
majority of the tumor cells show dense eosinophilic cytoplasm or are lipoblast-like with single or 
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several larger cytoplasmic vacuoles displacing the nucleus peripherally. Tumors predominantly 
composed of cells mimicking adipose tissue are referred to as lipoma-like chordomas. 

The cytologic features, combined with classic radiologic and clinical presentations, allow for 
correct cytologic diagnoses to be established in most cases (Kay et al, 2003). The 
immunohistochemical 
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features, such as coexpression of epithelial markers and S-100 protein, can be also tested in 
cytological preparations. 

ANEURYSMAL BONE CYST 

Aneurysmal bone cyst is a rare, multiloculated, benign cystic lesion that almost always arises in 
bone but may occur as a secondary phenomenon in soft-tissue lesions. The term “aneurysmal 
bone cyst” was introduced by Jaffe (1956) and Lichtenstein (1956) to describe a blow-out 
distention of the affected bone by a multiloculated cystic lesion filled with blood. The process is 
locally destructive and has a high propensity for recurrence. The age incidence peak occurs 
during the second decade of life. Aneurysmal bone cyst may affect any bone and has an almost 
uniform skeletal distribution. Microscopically, blood-filled cysts of various sizes are 
bordered by septa created by fibroconnective tissue; prominent giant-cell reaction and 
focal reactive bone formation are also evident. Aneurysmal bone cyst, as a secondary 
phenomenon, may occur with either benign or malignant lesions. The major precursor 
conditions, in order of their frequency for an aneurysmal bone cyst, are listed in Table 36-2. 

The most characteristic radiographic feature is a blow-out distention of the periosteum 
outlined by the thin shell of a subperiosteal bone. 

Cytology is very rarely used in the differential diagnosis of such lesions, in part because the 
cytologic presentations of telangiectatic osteosarcoma and benign aneurysmal bone cyst may 
be similar. In typical cases, aspirates from benign aneurysmal bone cyst are bloody and contain 
dispersed fragments of fibroconnective tissue, as well as scattered isolated histiocytic cells with 
multinucleated giant osteoclasts. Mitotic figures and nuclear pleomorphism with hyperchromasia 
can be seen in benign lesions, but frank cancer cells and atypical mitoses are absent. 



TABLE 36-2 PRECURSOR CONDITIONS FOR SECONDARY ANEURYSMAL BONE 

CYST 

Giant cell tumor 
Chondroblastoma 
Osteoblastoma 
Nonossifying fibroma 
Fibrous dysplasia 
Giant-cell reparative granuloma 
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Chondromyxoid fibroma 
Fibrious histiocytoma 
Solitary bone cyst 
Eosinophilic granuloma 
Hemangioma 
Myositis ossificans 
Osteosarcoma 

Malignant fibrous histiocytoma 
Metastatic carcinoma 

Miscellaneous lesions containing rich vascular network (hamartoma) 



EWING'S SARCOMAAND PRIMITIVE NEUROECTODERMAL TUMORS 

Pathology and Histology 

In the early 1920s James Ewing identified a distinct round-cell tumor that predominantly 
affects the long tubular bones of young patients in the absence of a lymphoma/leukemia 
clinical picture. He called this type of lesion “diffuse endothelioma” of bone, and separated it 
from the general category of unclassified round cell sarcomas and lymphoproliferative 
disorders. The consistent presence of a specific chromosomal abnormality (i.e., the 
reciprocal translocation of chromosomes 11 and 22 t(1 1 ;22)(q24;q1 2)) is a characteristic finding 
(see below). Ewing's sarcoma and its related conditions serve as a prototype for the 
contemporary diagnostic approach in which molecular data contribute to the diagnosis. 

Other similar lesions, which occur mainly in young patients but have anatomic and microscopic 
features distinct from those of classic Ewing's sarcoma, are described as primitive 
neuroectodermal tumors (PNETs) and Askin's tumor. They have been linked to Ewing's 
sarcoma by the same chromosomal translocation, which is a consistent finding in these lesions. 
The same genetic abnormality has also been identified in at least some of the tumors classified 
as small-cell osteosarcoma (see discussion below). At the time of this writing, Ewing's 
sarcoma is considered the prototype tumor of this group, while PNETs represent a variety of 
closely related lesions distinguished on the basis of an arbitrarily defined degree of neural 
differentiation. Askin's tumor represents either classic Ewing's sarcoma or PNET affecting the 
thoracopulmonary region. 

Ewing's sarcoma is a distinct, highly aggressive sarcoma of bone that occurs predominantly in 
the long tubular bones of the extremities but also may affect the pelvis, ribs, and other bones 
(Wilkins et al, 1986). Approximately 40% of these lesions originate in the deep soft tissue of the 
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limbs. Ewing's sarcoma accounts for 6% to 8% of all malignant tumors of bone, and the age 
incidence peaks during the second decade of life (Fig. 36-19). 

Males are affected more frequently than females, at a ratio of approximately 1.5:1. This tumor is 
extremely rare in patients older than 30 years, and practically never occurs in African 
Americans. Rare examples of Ewing's sarcoma have been described in parenchymal organs 
and subcutaneous tissue. 

Ewing's sarcoma has a high propensity for distant metastases, primarily to the lungs, and nearly 
50% of the patients present with disseminated disease. Multimodality treatment, consisting of 
irradiation, chemotherapy, and surgery has significantly improved prognosis in comparison with 
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the prechemotherapy era. Still, even with modern treatment the overall 5-year survival of 
patients with a disseminated disease is only about 30%. 
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Figure 36-19 Ewing's sarcoma: peak age incidence and frequent sites of skeletal 
involvement. The most frequent sites are indicated by solid black arrows. (From H. 
Dorfman and B. Czerniak, Bone Tumors, Mosby, Inc., St. Louis, 1998.) 



Mild fever and localized swelling around the tumor are the most frequent clinical symptoms. The 
clinical picture may simulate an inflammatory process, such as osteomyelitis. 



Radiologically, Ewing's sarcoma presents as an ill-defined, destructive intramedullary lesion 
typically involving the diaphyses of the long tubular bones. A permeative or “moth-eaten” 
pattern, accompanied by a prominent multilayered periosteal reaction (onion skin), is 
characteristic (Fig. 36-20A). The cortex of the affected bone may exhibit diffuse sclerosis and 
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thickening. Aconcave defect on the bone surface, referred to as sauce rization, is seen in 
lesions in which a subperiosteal and soft-tissue mass compresses the outer surface of the 
cortex. 

Grossly, Ewing's sarcoma involves large segments of the medullary cavity (Fig. 36-20B). Small 
nests of the tumor permeate the cortex to form a subperiosteal and soft-tissue mass. 

Frequently, the extraosseous soft-tissue mass is larger than the intraosseous component. The 
involvement of the medullary cavity is usually more extensive than is apparent from the plain 
radiograph. 

Microscopically, Ewing's sarcoma is composed of small, round, primitive mesenchymal 
cells. Tumor cells have rounded, centrally located nuclei with an indistinct rim of cytoplasm 
(Fig. 36-20C). The nuclear chromatin is finely granular, with one to three clearly identifiable 
small- to medium-sized nucleoli. These undifferentiated cells form solid, densely packed sheets 
that fill the intertrabecular spaces and permeate the cortical Haverisan channels. Occasional 
rosette-like structures may be present. Several types of rosettes can be identified in Ewing's 
sarcoma. The most frequent is a circular arrangement of cells with processes that form a fibrillar 
material within the center of the structure (Fig. 36-20C, inset). These rosettes are identical to 
those seen in neuroblastoma. A less mature rosette-like arrangement may be formed by cells 
in a circular arrangement around an amorphous core. These immature/primitive rosettes should 
not be used as microscopic evidence of neural differentiation. Flexner-Wintersteiner rosettes, 
which have a sharply delineated lumen similar to that observed in ependymoma or 
retinoblastoma, are exceptionally rare in Ewing's sarcoma/PNET. Necrosis, which is frequent, 
evolves from small patchy foci to large irregular geographic areas. Apoptosis is often seen in 
Ewing's sarcoma. Areas of the tumor with cord or clusters of dark apoptotic cells may simulate a 
biphasic pattern. 

Ewing's sarcoma and PNET show a wide range of neural differentiation. On the one end of the 
spectrum are Ewing's sarcomas, which are completely negative for any neural markers. On the 
other end of the spectrum are PNETs, which show obvious microscopic, immunohistochemical, 
and ultrastructural features of neural differentiation. In general, two obvious features of 
neural differentiation are required to classify a lesion as PNET. 

Immunohistochemically, 90% of Ewing's sarcoma/PNET shows expression of MIC2 gene 
product and vimentin. Positive staining with markers, such as neuron-specific enolase (NSE), 

Leu7, HNK-1, neurofilaments, gliofibrillar acid protein, chromogranins, and S-100, indicates 
neural differentiation. It is generally accepted that the most reliable way to identify PNET is to 
ultrastructurally identify the 

P.1363 

presence of neurosecretory granules and the formation of axonal cytoplasmic projections (Fig. 

36-21). 
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Figure 36-20 Ewing's sarcoma of the humeral diaphysis. A Plain radiograph shows 
destructive lytic intramedullary lesion with ill-defined margins and a soft-tissue extension 
shadow. B. Bisected resection specimen showing an extensive intramedullary tumor with 
permeation of cortex and circumferential extension into soft tissue. C. Histologic 
appearance of Ewing's sarcoma showing primitive undifferentiated mesenchymal cells 
forming solid areas. Inset. A rosette-like structure formed by a circumferential arrangement 
of tumor cells around a central core containing delicate fibrillar cytoplasmic material. D-H. 
High magnification shows fine-needle aspirates containing undifferentiated round cells, 
some of which have nucleoli and indistinct cytoplasm that occasionally form rosette-like 
structures (arrows). 



The translocation (11 :22)(q24;q12) can be identified in nearly 90% of patients with Ewing's 
sarcoma/PNET (Aurias et al, 1984; Delattre et al, 1994; Pellin et al, 1994; Lopez-Terrada, 
1996). In a small fraction of these tumors, alternative chromosomal translocations can be 
identified (Sorensen et al, 1994) (Table 36-3). The reciprocal translocation of chromosomes 11 
and 22, which involves bands (q24;q12) in Ewing's sarcoma/PNET, represents a prototypic 
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chromosomal abnormality found in soft-tissue and bone tumors (Fig. 36-22). An initial molecular 
analysis showed that the chromosome 22 breakpoint is located within the EWS gene, whereas 
the chromosome 11 breakpoint is located within the FLI-1 gene (Aurias et al, 1984). The 
reciprocal translocations between two chromosomes create a new chimeric protein, which 
consists of portions of the EWS and FLI-1 proteins (Bhagirath et al, 1995). The EWS gene, 
located within the (q12) band of chromosome 22, is also involved in all alternative 
translocations seen in Ewing's sarcoma and PNET, as well as in desmoplastic small round 
tumor, clear-cell sarcoma, and extraskeletal myxoid chondrosarcoma (Biegel etal, 1993; 

Sorensen et al, 1994). 

The second component in the fusion is the human homologue of the murine FLI-1 gene located 
on chromosome 1 1 q24 (Baud et al, 1991; Prasad et al, 1992). In the chimeric protein, the RNA- 
binding domain of the EWS product is substituted for the DNA-binding domain of the FLI-1 
gene. In the chimeric EWS-FLI-1 gene, the FLI-1 binding domain is transcribed under control of 
the EWS promoter. Both partners of the fusion are ubiquitously expressed in human tissues. 

The molecular structure of the breakpoints associated with the (11;22)(q24;q12) translocation is 
graphically shown in Figure 36-22. 
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Figure 36-21 Peripheral neuroectodermal tumor (PNET) of bone: ultrastructural 
features. A Tumor cells with sparse cytoplasmic organelles as seen on low power 
(x1,500). Inset. Histologic appearance of primitive undifferentiated tumor cells. B. Tumor 
cell with washed out glycogen pools (*6,000). C,D. Neurosecretory granules (*9,000). E. 
Neurotubules within a cytoplasmic process of a tumor cell (*12,000). F. Axonal 
differentiation of tumor cell with formation of interconnecting cytoplasmic processes (* 

12,000). G. Neurosecretory granules within interdigitating axonal processes (*6,000). 



Expression of the MIC2 gene is not specific for Ewing's sarcoma/PNET because it is also 
expressed in a wide range of unrelated tumors. 

Cytology 

Aspirates from Ewing's sarcoma/PNET are usually very cellular and contain a population of 
dispersed, small, undifferentiated tumor cells (see Fig. 36-20D-H). A delicate, finely 
granular chromatin pattern and clearly identifiable small to medium size nucleoli are 
characteristic. The cytoplasm is indistinct and forms only a narrow rim around the nucleus. Cell 
clustering and rosette formation may occur (see Fig. 36-20D,H). Aspirates from Ewing's 
sarcoma are important in the diagnostic workup (Akerman et al, 1988; Brahmi et al, 2001). It is 
often easier to evaluate the morphologic 
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features of cells, especially the details of the nuclei, on cytologic preparations than in small 
biopsy specimens. Therefore, FNAis used as the initial diagnostic approach when Ewing's 
sarcoma is clinically suspected. Immunohistochemical and molecular studies for differential 
diagnoses with other small-cell malignancies may be performed on material obtained for studies 
(Akhtar et al, 1985b; Akerman et al, 1996; Collins et al, 1998a; Frostad et al, 2002). Overall, 

Ewing's sarcoma/PNET represents a primary bone sarcoma that can be definitively diagnosed 
by aspiration cytology in most cases (Akhtar et al, 1985a). 



TABLE 36-3 ALTERNATIVE CHROMOSOMAL TRANSLOCATION IN EWING'S 

SARCOMA AND PNET 



Tumor type 


Cytogenetics 


Genes involved 


ES/PNET 


t( 1 1 ;22) (q24;q12) 


FLI-1-EWS 




t(21;22) (q22;q12) 


ERG-EWS 




t(7;22) (p22;q12) 


ETV1-EWS 
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Figure 36-22 Molecular structure of breakpoints associated with t(11;22)(24q;q12) in 
Ewing sarcoma/PNET. A Exon-intron structures of EWS and FLI-1 genes are shown. 
Large solid arrows indicate most frequent locations of breakpoints within introns. Molecular 
structure of one of the most frequent (type 1) chimeric genes, which includes coding 
sequences for the N-terminal domain of the EWS gene and DNA-binding domain of the 
FLI-1 gene is also shown. B. Schematic representation of the functional domains of the 
EWS-FLI-1 chimeric product. In the chimeric protein the RNA binding domain of the EWS 
product is substituted for the DNA binding domain (ETS) of the FLI-1 gene. 



METASTATIC TUMORS TO BONE 
General Features of Bone Metastases 

Metastatic tumors to bone are a more common target of needle aspiration biopsies than primary 
tumors. The skeleton, with its rich vascular system, is one of the most common sites of the 
metastatic deposits that usually indicate the presence of disseminated, multisystem disease 
(which, however, is not necessarily rapidly fatal). The optimum treatment of such metastases 
depends greatly on the origin and type of cancer involved. Although in most such instances the 
metastases are linked to a known primary tumor, this is not always the case. Over the years, we 
have observed many patients in whom bone metastases were the first manifestation of 
cancer of unknown origin. Further, even in the presence of a known primary tumor, the origin 
of the metastases must sometimes be confirmed. Both of these challenging issues may be 
occasionally resolved in the aspirated cell samples. Bone metastases occur in two essential 
forms: osteolytic (bone resorptive) and ostoblastic (boneforming). 
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The mechanism of bone metastases has been the subject of many papers and speculations 
(Sanerkin, 1980; Autzen et al, 1998; Sanchez-Sweatman et al, 1998; Smit et al, 1998). Clearly, 
very complex molecular mechanisms must be in place for a tumor to settle in the bone and 
interact with it. 
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Recently, Roodman (2004) summarized the existing knowledge on this subject, particularly in 
reference to the differences in the mechanisms of formation of osteoclastic vs. osteoplastic 
metastases. The interaction between tumor cells (some of which secrete factors that enhance 
the growth of bone-forming osteoblasts, and some of which stimulate bone-resorbing 
osteoclasts) are very complex. Prostatic carcinoma is an example of a tumor that secretes 
factors that stimulate bone growth and lead to frequent osteoblastic metastases (Carlinfante et 
al, 2003; Cooper et al, 2003). 

Radiographically, metastatic tumor in bone presents as destructive foci that may show a wide 
spectrum of lytic and sclerotic changes. One end of this spectrum is represented by a 
completely lytic lesion with no discernable bone sclerosis. On the other end is a metastatic 
deposit that has a marked osteoblastic reaction and appears as a completely sclerotic focus. 

Most frequently, however, metastatic tumors show a combination of lytic and sclerotic areas. 

Since primary bone tumors are very rarely multifocal, the involvement of several skeletal sites is 
a hallmark of disseminated metastatic disease. Bones of the axial skeleton and proximal 
portions of the appendicular skeleton are most frequently involved. Parts of the skeleton that 
are distal to the elbow and knee joints and the mandible are unusual sites of metastases. 

Acral metastases involving the small bones of the hands and feet are very rare. Carcinoma of 
the lung is the most common source of such metastases, although they may also occur with 
other highly aggressive malignant neoplasms of various origins. Occasionally, metastatic 
carcinoma may present as a single focus. Kidney, lung, breast, pancreas, thyroid, and colon 
cancers are the most frequent neoplasms that may produce a solitary metastasis. Sometimes a 
single metastatic focus may be present without any known primary site. 

The clinical symptoms associated with metastatic deposits, such as tenderness, swelling, and 
pain at the affected site, may precede radiographically detectable changes for several weeks or 
even months. Fractures of bones may be the first manifestation of metastases. 

Common Metastatic Tumors to the Skeleton 
Lung Carcinomas 

Both non-small-cell and small-cell lung carcinomas have a high propensity for metastasizing to 
the skeleton. Bone metastases have been documented in over 50% of patients with lung 
cancer (Ihde et al, 1979). Lung cancer typically produces lytic metastatic foci. It is also the most 
frequent human malignancy that may present as a solitary bone metastasis (Paul et al, 1969; 

Pazzaglia et al, 1989; Kagohashi et al, 2003). Characteristically, metastatic lung cancer 
frequently involves unusual sites, such as the acral skeleton, as well as intracortical or 
subperiosteal sites (Gerlach et al, 1982; Delgadillo and Nichols, 1998; Galmarini et al, 1998). 

Cytology 

Aspirates from non-small-cell metastatic lung cancer are highly cellular and contain large 
epithelial cancer cells with pronounced atypia (Fig. 36-23AB). Keratinization and extensive 
necrosis are frequently seen . Dispersed cells with scanty cytoplasm, which occasionally form 
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small three-dimensional clusters, characterize metastatic small-cell carcinoma. The nuclei of 
these cells have coarsely granular chromatin with a few larger chromocenters and no visible 
nucleoli. Positive immunohistochemical staining for thyroid-transforming factor-1 (TTF1) can be 
helpful in establishing the origin of metastasis from the lung (Reis-Filho et al, 2000). Small-cell 
carcinomas typically show neuroendocrine differentiation and are positive for a wide range of 
neuroendocrine markers (see Chapter 20). 

Gastrointestinal Carcinomas 

Carcinomas of the upper gastrointestinal tract are much more prone to produce bone 
metastases than cancers of the colon and rectum. In 45% of patients with stomach cancer, a 
radioscopic scan of the skeleton reveals abnormal uptake (Thomas and Sobin, 1995). The sites 
affected by metastatic stomach cancer are similar to those affected by other common cancers, 
and include the spine, ribs, pelvis, femur, and skull. Occasionally, skeletal metastasis is the first 
presenting symptom in patients with gastric carcinoma, particularly that of the poorly 
differentiated type (Mohandas et al, 1993). The incidence of bone metastases in colorectal 
cancer is much lower than in gastric cancer, and is reported to be approximately 23% by 
autopsy (Baker et al, 1974). Poorly differentiated carcinoma and signet ring cell carcinoma of 
the colon are more prone to metastasize to bone than wellto moderately-differentiated 
adenocarcinomas. In fact, colon carcinoma is the most frequent gastrointestinal cancer in which 
solitary skeletal metastasis may appear as the initial clinical event (Hoehn et al, 1979; Choi et 
al, 1995). However, in such patients, bone metastases usually coexists with metastases to the 
lung and liver. 

Cytology 

Aspirates from metastatic colon carcinoma are usually very cellular and show cells organized in 
three-dimensional clusters, large sheets, or small groups, or dispersed singly. A palisade 
arrangement of the nuclei of cancer cells at the borders of a large sheet composed of columnar 
cancer cells is a characteristic feature of colon carcinoma (Fig. 36-24A.B). Necrosis is very 
frequent in cytologic preparations from metastatic colon carcinoma. In many of these cases, the 
cytologic features of the metastasis allow recognition of the primary site, even in the absence 
of clinical data. 

Breast Carcinoma 

Breast carcinomas have a high propensity to metastasize to the bone, sometimes many years 
after treatment of the primary disease. They involve typical skeletal sites, such as the vertebral 
bodies, pelvis, proximal femur, and humerus, usually in postmenopausal women (Perugia et al, 

1984; James et al, 2003). Involvement of the proximal femur with pathological fracture of the 
femoral neck is a typical sign of advanced breast carcinoma (Nishimura et al, 1999). Lytic bone 
lesions are typical for breast carcinoma (DiStefano et al, 1979). In a small percentage of cases, 
metastatic breast cancer may present as a densely sclerotic lesion. 
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Figure 36-23 Metastatic non-small-cell carcinoma of the lung, and follicular 
carcinoma of the thyroid: cytologic features. A,B. Clusters of the large lung 
adenocarcinoma cells showing obvious cytologic atypia. C,D. Groups of loosely arranged 
small cells forming small follicular structures characteristic of thyroid cancer. Note 
intranuclear cytoplasmic inclusions and traces of colloid substance in the background of 
the smears. Inset. Higher magnification of thyroid follicular cancer cells with pale cytoplasm 
and visible nucleoli. 



Cytology 

Aspirates from metastatic breast carcinoma show three-dimensional aggregates, small clusters, 
and single dispersed cancer cells of various sizes. It is rarely possible to differentiate between 
ductal and lobular carcinoma in bone aspirates (Vukmirovic-Popovic et al, 2002). Ductal 
carcinomas are characterized by the presence of large cancer cells with abundant cytoplasm 
containing highly atypical nuclei with a clumped chromatin pattern and prominent nucleoli (Fig. 
36-24C.D). These cells form irregular clusters with crowding and overlapping nuclei. Aspirates 
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from metastatic lobular carcinoma are characterized by the presence of relatively small oval 
cells with eccentric, fairly monotonous hyperchromatic nuclei. Some of these cells, known as 
“target 
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cells,” contain a large vacuole with central inclusion of condensed mucus (see Chaps. 26 and 
29). Nearly all patients with lobular carcinoma have a history of treated mammary carcinoma. In 
the rare patients with no such history, the disease should be suspected in women of the 
appropriate age group. 




Figure 36-24 Colonic and breast carcinomas metastatic to bone: cytologic features. 

A,B. Large sheets of colonic carcinoma cells with overlapping nuclei and focal peripheral 
palisading. Inset. Higher magnification of tumor cells. Note that the individual nuclei of the 
tumor cells vary in size and contain coarse chromatin with prominent irregular nucleoli. C,D. 
Metastatic ductal carcinoma of the breast shows cells arranged in loose clusters. Inset. 
Details of nuclear morphology with coarse chromatin and prominent irregular nucleoli. 
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Prostate Carcinoma 

Carcinoma of the prostate is a prototypic human cancer that has a unique propensity for 
osteoblastic bone metastasis (Rana et al, 1993). Solitary or multiple skeletal lesions are 
frequently part of the clinical picture (Cumming et al, 1990). Features that are associated with a 
high risk for bone metastasis include high histologic grade (Gleason's combined score >7), 
aneuploidy, extraprostatic extension, and involvement of the pelvic lymph nodes (Cheville et al, 

2002). Prostatic carcinoma produces densely sclerotic osteoblastic metastases, which 
frequently involve vertebral bodies and the pelvis (Kurt et al, 1990). Metastatic foci can be 
obliterated by a pronounced osteoblastic reaction. In such cases, aspiration cytology may not 
be informative and even a core biopsy may contain predominantly sclerotic bone matrix with no 
microscopically recognizable tumor cells. 

Cytology 

Aspirates from metastatic prostatic adenocarcinoma are cellular, and the cells may be dispersed 
singly or create sheets and gland-like structures (Fig. 36-25A.B). Cancer cells have no 
distinguishing features and are usually large with cytoplasmic borders and nuclei with clearly 
visible large nucleoli. Cytologic preparations from well or moderately differentiated prostatic 
cancer may contain recognizable microglandular structures that resemble small rosette-like 
formations, with nuclei at the periphery, and a center formed by amorphous cytoplasmic material 
(microglandular complexes; see Chap. 33). Immunohistochemical stains for prostate-specific 
antigen (PSA) and prostate-specific acid phosphatase (PSAP) may be used to confirm the 
prostatic origin of the lesion if there is no history of the disease or there is the possibility of 
another primary tumor. 
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Figure 36-25 Prostatic and renal carcinomas metastatic to bone: cytologic features. 

A,B. Large cohesive sheets of prostatic carcinoma cells. Note that the nuclei of the tumor 
cells are uniform in size and display only minimal atypia. Inset. Higher magnification of 
tumor cells showing details of nuclear morphology, prominent nucleoli, and evenly 
distributed chromatin. C,D. Metastatic clear-cell carcinoma of the kidney is characterized 
by loosely arranged clusters of tumor cells with ill-defined clear and finely granular 
cytoplasm. Inset. Tumor cells with clear cytoplasm. Note the mild atypia of the tumor cells, 
characterized by the presence of round to oval nuclei with clearly visible nucleoli. 
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Renal Carcinoma 

Bone metastasis with no evident primary tumor is a common clinical presentation of renal 
carcinoma. About 30% of patients have multiorgan involvement at presentation (Swanson et 
al, 1981 ; Althausen et al, 1997). Half of the patients treated for organ-confined disease 
eventually develop skeletal metastasis (Aggarwal et al, 1972; Viadana and Au, 1975). Renal cell 
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carcinomas are known to metastasize to unusual sites, such as the skin, tongue, eye, heart 
muscle, thyroid, and breast (Carter et al, 1977). The acral skeleton may also be involved 
(Anderson et al, 1968; Fusetti et al, 2003). The typical histologic features of renal cell 
carcinoma, along with the characteristic clear-cell cytoplasm of the tumor cells, usually make it 
easy to recognize the origin of the tumor (Taxy, 1981). Renal cell carcinomas typically 
coexpress keratin, vimentin, and CD10. Progression to a high-grade spindle or pleomorphic 
sarcomatoid carcinoma is encountered in about 10% of renal cell carcinomas. In such cases, 
metastases of these tumors may be indistinguishable from primary fibrosarcoma or malignant 
fibrous histiocytoma of bone (Koss et al, 1992; Katai et al, 1997). When evaluating these 
tumors, it is essential to use clinical data, as well as immunohistochemical staining, to establish 
the correct diagnosis. 

Cytology 

Aspirates from metastatic conventional renal cell carcinoma tend to be bloody, with cancer 
cells lying singly or arranged in small groups, and occasionally larger three-dimensional 
structures. Cancer cells have abundant clear cytoplasm with multiple delicate vacuoles and ill- 
defined borders (Fig. 36-25C.D). Nuclei have delicate chromatin and conspicuous nucleoli. 

Cytologic preparations from metastatic sarcomatoid variant of renal cell carcinoma show 
malignant spindle and pleomorphic cells arranged in large sheets or small clusters, or singly, 
that may be very misleading. The nuclei show pronounced atypia characterized by irregular 
chromatin clumping and prominent nucleoli. In general, the cytologic features of metastatic 
sarcomatoid carcinoma are indistinguishable from those of a primary spindle cell sarcoma or 
malignant fibrous histiocytoma of bone. Immunohistochemical stains for keratin and vimentin, 
combined with clinical history of primary renal carcinoma, are helpful in establishing the correct 
diagnosis. 

Thyroid Carcinoma 

The behavior of thyroid carcinomas varies widely among different histologic variants. Papillary 
carcinoma typically metastasizes to regional neck lymph nodes. Anaplastic carcinoma is 
characterized by an aggressive clinical course with wide metastatic involvement of many other 
organs. Of all of the thyroid cancers, follicular carcinoma has the highest frequency of bone 
metastasis, which may be the first or late manifestation of the tumor (Boehm et al, 1976). 

Radiographically, metastatic thyroid carcinoma forms a destructive lytic lesion of bone (Pittas et 
al, 2000). Histologically, metastatic deposits show characteristic follicular features with colloid 
production, and the thyroid origin of metastatic tumor is easily recognizable in most cases 
(Shah et al, 1981; Tickoo et al, 2000). 

Cytology 

Aspirates from metastatic thyroid follicular carcinoma show a uniform population of small cells 
lying singly in three-dimensional clusters, sometimes forming follicles with central colloid. 

Colloid can also be seen as an amorphous substance dispersed in a background of the smear. 
Characteristically, the nuclei show granular chromatin and clearly visible nucleoli. Intranuclear 
cytoplasmic inclusions and nuclear “creases” are commonly seen in the spherical nuclei. The 
cytologic features of metastatic thyroid follicular carcinoma are very distinctive and permit the 
identification of thyroid origin in most cases (Dhimes et al, 1997). Immunohistochemical stains 
for thyroglobulin can be used as a marker in questionable cases (see Chap. 30). 
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Several pediatric tumors, such as rhabdomyosarcoma, neuroblastoma, and clear-cell sarcoma 
of kidney, have a unique propensity for metastasizing to bone, and involvement of the skeleton 
frequently is an integral part of their clinical presentation. On the other hand, Wilms' tumor 
rarely metastasizes to the skeleton. 

Rhabdomyosarcoma 

Rhabdomyosarcoma most frequently affects the head and neck area, genitourinary system, and 
the soft tissue of the extremities in children 3 to 5 years of age. The metastatic foci in the 
skeleton are usually lytic, with diffuse involvement of multiple bones. Permeative destruction of 
bone, as observed radiographically, reflects very aggressive behavior of these tumors. 

All variants of pediatric rhabdomyosarcomas, such as the small, spindle, and alveolar cell 
types, frequently metastasize to bone. 

Metastatic deposits of rhabdomyosarcoma usually recapitulate the morphologic features of the 
primary tumor. 

In most cases, the rhabdomyoblastic features are microscopically recognizable; however, in 
some cases immunohistochemical markers and molecular genetic studies are 
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needed to differentiate these lesions from other small round or spindle cell lesions. A maturation 
effect (formation of cross striations) is frequently seen in treated rhabdomyosarcoma. Treatment 
may significantly change the morphology of the poorly differentiated tumor into large round, 
oval, or pleomorphic cells with obvious features of rhabdomyoblastic differentiation. 

Cytology 

The smears from rhabdomyosarcoma are usually very cellular and show a population of 
malignant small round cells with scanty cytoplasm and round or oval nuclei. The presence of 
larger cells with abundant eosinophilic cytoplasm containing fibrils or showing cross-striations 
indicates rhabdomyoblastic differentiation. However, it is difficult to find rhabdomyoblasts that 
display unequivocal cross striation, and in most cases it is necessary to use 
immunohistochemical stains to classify the lesion. 

Neuroblastoma 

Neuroblastoma is a common malignancy of childhood that usually originates in the adrenal 
medulla (see Chap. 40). Neuroblastoma has a predilection for metastasizing to the skull, orbit, 
jaws, and metaphyses of long bones. Most patients have widespread disease at presentation. 

The metaphyseal metastases may clinically and radiologically simulate osteomyelitis. 

Microscopically, neuroblastoma is composed of primitive neuroblastic cells that frequently are 
arranged in small rosettes and produce a delicate intercellular fibrilar matrix. Positive 
immunohistochemical staining for neurofilaments may be used to identify the neural nature of 
the cells. 

Cytology 

Aspirates from metastatic neuroblastoma are usually very cellular and consist of small round 
cells that occasionally are arranged in clusters and lie singly. A rosette formation composed of 
spherically arranged nuclei with a fibrillar center may also be present, but this is a rather rare 
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finding in cytologic preparations. The presentation may be very similar to that of Ewing's tumor 
(see Fig. 36-20). 

Clear-Cell Sarcoma of the Kidney 

Clear-cell sarcoma of the kidney is a very rare malignant neoplasm of childhood, with a high 
propensity for skeletal metastasis (see Chap. 40). Multiple lytic osseous metastases with 
an occult primary lesion are a hallmark of this rare neoplasm. Microscopically, it presents 
variable patterns with undifferentiated round cells admixed with clear cells. Tumor cells are 
typically positive for vimentin and negative for keratins. 

Cytology 

Aspirates from metastatic clear-cell sarcoma of the kidney are usually cellular and show a large 
population of pleomorphic sarcomatous cells. Deep nuclear indentations and nuclear 
grooves, as well as a granular cytoplasm, are characteristic features (Anderson et al, 1968). In 
some cases, aspirates may show a biphasic pattern with pleomorphic cancer cells admixed with 
spindle-shaped cells (Lucas et al, 1994; Katai et al, 1997). 

INFLAMMATORY AND REACTIVE CONDITIONS 

Inflammation of the bone is a common pathologic condition and most frequently is associated 
with infection. The infectious process accompanied by inflammation may be blood-borne or may 
result from direct implantation of microorganisms related to trauma. Acute hematogenous 
osteomyelitis most frequently occurs in children, and Staphylococcus aureus is the most 
frequent pathogen. The major long tubular bones of the appendicular skeleton, such as the 
femur, tibia, and humerus, are the most frequently affected sites. Hematogenous osteomyelitis 
may also be seen in immunocompromised adults debilitated by chronic diseases or drug abuse. 

In these patients, gram-negative and atypical mycobacteria play a dominant role. 

Osteomyelitis resulting from trauma, and direct inoculation of bacteria are much more common 
than blood-borne osteomyelitis. These inflammations usually are polymicrobial, with the 
presence of staphylococci, streptococci, and gram-negative bacteria. 

Chronic osteomyelitis develops in 20% of patients who originally present with acute disease 
as a result of inadequate antibiotic treatment. Squamous cell carcinoma associated with 
chronic fistula is a late complication of chronic bone inflammation and it typically occurs many 
years after the original infection. Cytologic preparations of osteomyelitis show chronic or acute 
nonspecific inflammatory cells. 

Osteomyelitis caused by m. tuberculosis is seen in approximately 1% of patients who have 
active disease in other organs (most frequently the lungs). Involvement of the skeleton is 
typically seen in young patients, and the vertebral column (lumbar spine) is the most frequently 
involved site. The process starts in the vertebral bodies after hematogenous spread occurs 
from a primary focus, most frequently in the lungs. The inflammation spreads along ligaments 
and fascial structures, and may result in the formation of fistulous tracts draining through skin 
openings in the lower lumbosacral regions (Pott's disease or tuberculous spondylitis). 

Cytologic preparations of mycobacterial infections typically show extensive coagulative 
necrosis, accompanied by chronic inflammatory cells with epithelioid histiocytes. The presence 
of mycobacteria can be revealed by culture or special stains for acid-fast bacteria. 

Reactive lesions of bone surface, such as florid reactive periostitis, bizarre parosteal 
osteochondromatous proliferation, acquired osteochondroma (turret exostosis), and subungual 
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(Dupuytren's) exostosis are pathologenetically related to myositis ossificans and are 
believed to be caused by a clinically evident or subclinical traumatic event. As in myositis 
ossificans, these lesions evolve from florid proliferative to mature phase. Proliferating spindle 
and giant cells in the early stage, and periosteal new bone and metaplastic cartilage formation 
in later stages dominate the lesion. Finally, the lesion matures, producing a reactive surface 
osteochondroma 
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that is incorporated into the underlying cortex and covered by a cartilaginous cap. All of these 
lesions predominantly affect the small bones of the distal skeleton. Exuberant fracture callus 
may occasionally raise clinical and radiological suspicion of the neoplastic process. These 
conditions are very rarely diagnosed by cytology (see Chap. 27). 
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The Mediastinum 

Myron R. Melamed 

ANATOMY AND CLINICAL CONSIDERATIONS 

The mediastinum is the median portion of the thoracic cavity, occupying the space between the 
lungs and containing all of the thoracic structures except the lungs. It is limited by the pleura of 
the right and left lungs laterally, by the sternum anteriorly, and by the vertebrae and ribs 
posteriorly. Despite its limited extent, the mediastinum is the site of a variety of inflammatory 
and neoplastic processes. Most can be recognized by percutaneous needle biopsy, as was 
initially demonstrated by Dahlgren and Nordenstrom (1966) and again in subsequent 
publications. Cytology of sputum and bronchial secretions, with rare exceptions, has no 
significant diagnostic role. 

Many mediastinal lesions are asymptomatic and discovered as an incidental finding on chest 
roentgenograms. Topography is an important factor in making a diagnosis because the 
different compartments of the mediastinum are likely to harbor different tumors or other lesions 
(Fig. 37-1 and Table 37-1). Also of great importance is the age of the patient, since many of 
the mediastinal lesions are age-related. The most important clinical questions to be answered 
by aspiration cytology are: (1) is the space-occupying lesion neoplastic, inflammatory, or a 
malformation; (2) if the lesion is neoplastic, is it benign or malignant; and (3) if it is malignant, is 
it best treated by surgical resection or by irradiation and chemotherapy? At all times the 
cytologic findings must be complemented by knowledge of the clinical, 
roentgenologic, and laboratory data. 

The anterior and middle compartments are the most common sites of mediastinal tumors and 
benign, space-occupying lesions that include hyperplastic lymph nodes, granulomatous 
inflammation, and sclerosing mediastinitis. 

Although space-occupying benign lesions and primary tumors of the mediastinum are less 
common than metastatic tumors, they usually present a much greater diagnostic challenge, and 
therefore are the most likely target of a transcutaneous needle aspiration biopsy. It is essential 
to accurately identify these lesions before appropriate therapy can be instituted. As mentioned 
above, close attention to the clinical findings, the location of a lesion in one of the 
compartments of the mediastinum (see Table 37-1), and the age of the patient are important 
factors in reaching the correct diagnosis. 

Histology of Normal Thymus 

The normal thymus varies in size according to age. It is large in infants and children, increases 
slowly in size until puberty (but relatively more slowly than the growth of the child), and then 
undergoes progressive atrophy by apoptosis of component cells. In adults it is a vestigial 
structure, although it retains its basic histologic features. 
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The thymus is a lymphoid organ supported by a network of anastomizing large epithelial cells 
(Fig. 37-2A-C) joined by desmosomes. Structures known as Hassall's corpuscles, 

P.1376 

which are similar to squamous pearls and are dispersed throughout the thymus, are formed by 
epithelial cells (Fig. 37-2D). During the maturation in the thymus, T-lymphocytes (so named 
because of their thymic origin) are located within spaces formed by the epithelial cells. The 
lymphocytes, enveloped by the epithelial cells, form so-called lymphoepithelial complexes. T- 
lymphocytes, unlike the B-lymphocytes, express both CD-4 and CD-8 antigens. In an interesting 
observation by Nerurkar and Krishnamurthy (2000), which has not yet been confirmed by 
others, penetration of lymphocytes into the epithelial cells (or emperipolesis) was 
demonstrated in imprint cytology of the normal thymus. 




Thymic Hyperplasia 

As already noted, a large thymus is physiologic and normal in prepubertal children. Benign 
hyperplasia of the thymus may occur in healthy children or young adults, or as a rebound 
phenomenon following chemotherapy of malignant tumors, including lymphomas. In such cases, 
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a clinical differential diagnosis with malignant lymphoma and germ cell tumor may be of critical 
importance. Needle aspirates of the hyperplastic thymus yield a mixed population of 
lymphocytes that is unlikely to contain more than a few, if any, benign epithelial or spindle cells. 

As reported by Bangerter et al (2000), the cytologic smears resemble those of reactive lymph 
nodes and differ from the monotypic presentation of lymphoma (see Chap. 31), as well as from 
seminoma and other germ cell tumors (see below). A large thymus in a child may present as a 
mediastinal mass on chest x-ray, but is not likely to be a thymoma. 

TABLE 37-1 MOST COMMON PRIMARY TUMORS AND SPACE-OCCUPYING LESIONS 
ACCORDING TO COMPARTMENTS OF THE MEDIASTINUM 

Superior compartment (i.e., superior to the heart): 

Thymoma 
Thymic cysts 
Lymphoma 
Thyroid tumor 
Parathyroid tumor 
Aneurysms 

Hyperplastic and inflammatory lymphadenopathy 

Anterior compartment (i.e., anterior to the heart and great vessels): 

Thymic hyperplasia 
Thymoma 
Thymic cysts 
Lymphoma 
Germ cell tumors 
Thyroid tumor 
Parathyroid tumor 
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Hyperplastic and inflammatory lymphadenopathy 

Paraganglioma 

Soft-tissue tumors (rare) 

Posterior compartment (i.e., posterior to the heart and great vessels): 

Neurofibroma 

Neuroma and ganglioneuroma 
Schwannoma 

Neuroblastoma and ganglioneuroblastoma 

Paraganglioma 

Enteric cysts 

Middle compartment (i.e., at the level of the heart and great vessels): 

Bronchogenic cysts 
Enteric cysts 
Pericardial cysts 
Lymphoma 
Aneurysm 

Hyperplastic and inflammatory lymphadenopathy 
All compartments: metastatic tumors 

Thymomas 

Thymomas are tumors of adults. They may be associated with a variety of clinical syndromes 
that include myasthenia gravis, which was found in 46% of patients with thymoma at the 
Mayo Clinic (Lewis et al, 1987), and in 35% of such patients in Lyon, France (Chalabreysse et 
al, 2002). Other, less frequent associations include hypogammaglobulinemia, 
pancytopenia, red cell hypoplasia, and certain very 
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rare immune disorders. Like myasthenia gravis, these disorders may be the first 
manifestation of thymoma. 




Figure 37-2 Normal thymus. A Histology showing a network of large epithelial cells 
among many small lymphocytes (thymocytes). B. Imprint of a normal thymus under oil 
immersion. The epithelial cells have large, smoothly contoured nuclei with a delicate 
chromatin structure and occasional chromocenters or nucleoli. Cytoplasm is abundant and 
lightly stained, with indistinct cytoplasmic borders. C. Cytokeratin stain brings out the 
cytoplasm of the epithelial cells; lymphocytes are negative. D. Hassall's corpuscle, a 
benign squamous pearl. ( A,B : Diff-Quik stain.) 



Histology 

The dual population of cells observed in the normal thymus is reflected in thymomas, which 
are composed of epithelial cells and lymphocytes in varying proportions. Most thymomas 
are encapsulated and benign (Fig. 37-3). The epithelial component of these tumors may 
vary from polygonal (Fig. 37-4A-D) to spindly cells (Fig. 37-5A-D). Rarely, rosettes and 
other variants have been described. An elaborate classification of thymomas is not relevant to 
the context of this book, and the interested reader is referred to other sources for additional 
information (Shimosato and Mukai, 1997; Rosai, 1999). 

Some thymomas that appear histologically benign may invade adjacent lung and even 
metastasize to other sites. There has been considerable controversy over whether the 
histologic structure of the epithelial component is predictive of the behavior of the tumor. 

Thymomas with a predominantly spindly epithelial component are generally believed to be 
benign, whereas those with polygonal epithelial cells are said to be more aggressive; however, 
so far there is no conclusive evidence of this behavior pattern. In a review of 90 thymic tumors, 
Chalabreysse et al (2002) concluded that favorable prognostic factors are noninvasiveness, 
completeness of resection, younger age, and myasthenia gravis. Thymomas with clear-cut 
cytologic atypia and numerous mitoses, which are classified as thymic carcinomas by World 
Health Organization (WHO) criteria, are more aggressive 
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and invasive. In our experience, the best evidence of malignant potential is invasion through the 
capsule and into the lung or other tissues. The cytology of frankly malignant thymomas 
(carcinomas) is considered separately below. 
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Figure 37-3 Gross appearance of a thymoma. The tumor is sharply circumscribed and 
soft, pale brown or tan on the cut surface. It is adherent to the adjacent lung (left) but 
noninvasive. 




Figure 37-4 Thymoma. A Histologic section showing sheets of epithelial cells with large 
round or ovoid vesicular nuclei and pale staining cytoplasm with indistinct nuclear borders. 
Compare with the many small lymphocytes present. B,C. At higher magnification, a tumor 
imprint showing several single thymic epithelial cells with abundant cytoplasm and large 
round or ovoid nuclei with delicate nuclear chromatin and prominent chromocenters or 
small nucleoli. D. FNAof another thymoma showing epithelial cells in coherent clusters, in 
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Cytology of Thymomas, Excluding Thymic Carcinoma 

The aspirates of thymic tumors are typically cellular and, as expected, they demonstrate a dual 
population of epithelial and lymphoid cells in variable proportions (Tao et al, 1984; 

Sherman and Black-Schaffer, 1990; Koss et al, 1992). The epithelial cells may be present 
singly (see Fig. 37-4B,C), in clusters (see Fig. 37-4D), or even as tissue fragments (Fig. 37- 
5C,D). A highly variable number of lymphocytes is intermingled with the epithelial cells. 

Fragments of fibrovascular tissue may be present. The epithelial cells are polygonal, oval 
(see Fig. 37-4), or spindly (Fig. 37-5), with moderate to abundant pale cytoplasm and bland, 
vesicular nuclei that are noticeably larger than the adjacent lymphocytes (see Fig. 37-4B-D). 

Chhieng et al (2000) estimated the size difference at three- to fourfold. Some degree of 
squamous differentiation of the epithelial cells may be apparent in an aspirate. We have 
seldom seen well-formed Hassall's corpuscles in thymic tumors, and their presence in an 
aspirate is in favor of a benign hyperplastic thymus. Chhieng et al (2000) found no Hassall's 
corpuscles in a recent review of aspirates from 31 patients with thymoma. They reported that 
thymomas with epithelial cells with round or oval nuclei appeared to be more aggressive than 
tumors with epithelial cells with spindle nuclei. Chalabreysse (2002) found no such difference, 
and we also have no evidence that the cell or nuclear shape of the epithelial cells has any 
prognostic significance (Koss et al, 1992). We agree with Chhieng et al (2000) that cytologic 
features in the aspirate do not correlate well with any of the histologic patterns. 

Although the population of lymphoid cells in most thymomas consists of small, resting 
lymphocytes, it should be noted that intermixed reactive lymphoblasts may be present (Pak et 
al, 1982; Ali and Erozan, 1998; Shin and Katz, 1998). If the latter are numerous and prominent, 
one must consider the possibility of a non-Hodgkin's malignant lymphoma, which may mimic 
thymoma, particularly in a child or adolescent (Friedman et al, 1996). For further discussion of 
thymic lymphomas, see below. In the absence of lymphocytes, the epithelial cells of 
thymoma may be mistaken for a primary or metastatic carcinoma. 

Finally, while the presence of a spindle cell population, 
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intermixed with lymphocytes, should suggest the possibility of thymoma, Slagel et al (1997) 
reviewed 22 cases of mediastinal tumors in which the needle aspirate contained a predominant 
spindle cell component, and found only two thymomas and two thymic cysts. The remaining 
cases included nerve sheath tumors, granulomatous inflammation, Hodgkin's disease, and a 
heterogenous group of other tumors. 
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Figure 37-5 Spindle cell thymoma. A. The thymic epithelial cells form interlacing bands 
of elongated cells with thin, spindle-shaped nuclei. B. High magnification to demonstrate 
the spindle cell configuration and pattern of thymic tumor cells. C. Diff-Quik stain of the 
cytologic specimen. D. FNAof another case. Note that the tumor cells, which are oval or 
spindly and uniform, are in clusters or tissue fragments. A spindle cell tumor in the needle 
aspirate of an anterior mediastinal mass should be considered thymoma until proved 
otherwise. 



Malignant Thymoma (Thymic Carcinoma) 

Although the behavior of most thymomas cannot be predicted from their histologic or cytologic 
presentation, there is a small group of malignant tumors originating in the thymus that deserve 
to be classified as thymic carcinomas. They are characterized by clearly malignant epithelial 
cells that sometimes mimic squamous carcinoma (Fig. 37-6A-C). The cells are of irregular 
configuration with abundant opaque eosinophilic cytoplasm and large nuclei with 
coarsely clumped chromatin, visible or even prominent nucleoli, and sometimes 
mitoses. Necrosis is common. Rarely, these tumors are pure squamous carcinomas (Kaw 
and Esparza, 1993). Afew mucoepidermoid carcinomas of thymus have been described 
(Moran and Suster, 1995). Because of their rarity, the behavior of these malignant tumors is not 
well documented. The tumor illustrated in Figure 37-6 had persisted for a year without major 
change. In general, poorly differentiated tumors are aggressive and capable of invasion and 
metastases. 

Thymic Carcinoid 

Mediastinal carcinoids are uncommon and usually amenable to successful surgical resection. 
They may have endocrine activity (Wick et al, 1980; Moran and Suster, 2000). The histology of 
these tumors and the fine-needle aspirates of thymic carcinoid do not differ from those of 
carcinoids of pulmonary or intestinal origin (see Chaps. 20 and 24). Wang et al (1995) and 
Nichols et al (1997) described cellular specimens composed of loosely clustered and single 
small cells with scant, finely granular cytoplasm and smoothly configured, uniform, 
round or oval nuclei with granular chromatin and visible small nucleoli. Unlike small-cell 
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carcinoma, there is no necrosis and no significant nuclear molding of tumor cells. We have 
encountered a spindle cell carcinoid of the mediastinum. Carcinoids with oncocytic 
features, which we have seen in the lung (see Chap. 20), were observed in the thymus by 
Moran and Suster (2000). 

P.1380 

Positive chromogranin staining of tumor cells can be used to confirm the diagnosis when in 
doubt. 
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Figure 37-6 Thymic carcinoma. A Histologic section showing an epidermoid pattern of 
carcinoma arising in thymus. B,C. Needle aspirate showing abundant malignant cells 
similar to those of a squamous carcinoma. 



Malignant Lymphomas 

Although the cytologic presentation of malignant lymphomas in the mediastinum is identical to 
that described for lymph nodes and other organs (see Chaps. 20 and 31), there are some 
clinical and biologic features that deserve comment. The mediastinum may be the site of 
Hodgkin's disease or of non-Hodgkin's lymphomas, which are commonly found in children 
and young adults. 

Hodgkin's Lymphoma 

Most cases of mediastinal Hodgkin's lymphoma are of the nodular sclerosing type, and most 
can be treated effectively by irradiation and/or chemotherapy with excellent results. 

Needle aspirates of mediastinal Hodgkin's lymphoma often are sparsely cellular, particularly in 
the most common nodular sclerosing subtype. However, an adequately cellular specimen yields 
a characteristic, if not diagnostic, pattern of a few large mononuclear or binuclear Reed- 
Sternberg tumor cells with prominent nucleoli within a background of lymphocytes, and variable 
numbers of eosinophils (Fig. 37-7A.B). 

Non-Hodgkin's Lymphomas 
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Two types of non-Hodgkin's lymphomas are principally observed in the mediastinum: 
lymphoblastic lymphoma, usually of the T-cell type, which is observed mainly in young 
adults (mainly males), and sclerosing, large B-cell lymphoma, which is seen mainly in young 
females (Trump and Mann, 1982; Quintanilla-Martinez et al, 1992; Aisenberg, 1999; Suster, 
1999). ABurkitt-like lymphoma presenting in the mediastinum was observed by Wolford and 
Krause (1990) in a patient who had undergone bone marrow transplantation. 

The mediastinal lymphoblastic lymphoma usually develops in the thymus, may involve the 
supradiaphragmatic lymph nodes, and may clinically mimic to perfection a primary thymoma rich 
in lymphocytes. Cytologically, the lymphocytes show the classic features of a malignant 
lymphoma: convoluted lymphocytes with indented nuclei. 

The large B-cell lymphoma can also present as a thymic lesion, sometimes with occlusion, of 
the superior vena cava (vena caval syndrome). Because of large bands of fibrous tissue, 
which are common in this lymphoma, it can be mistaken for an epithelial tumor. The 
lymphocytes have classic malignant features (described in Chaps. 26 and 31). 

The experience with transcutaneous aspiration biopsy of these tumors is modest. Silverman et 
al (1993) described a large-cell lymphoma and stressed the problems of differential diagnosis, 
mainly with thymoma. In a study of 12 patients, Hughes et al (1998) reported an accurate 
diagnosis in five patients, and a “suspicious” finding in four. In three patients, the material was 
insufficient for diagnosis. Other features of the mediastinal large B-cell lymphoma are discussed 
in Chapter 31. 



Figure 37-7 Hodgkin's disease. Fine-needle aspirate of a mediastinal tumor in a 41 -year- 
old woman. In this case the diagnosis of Hodgkin's lymphoma was made on the cytologic 
aspirate. A. Single large mononuclear and rare binuclear tumor cells are present within a 
background of many mature lymphocytes. Eosinophils in this case were few. B. A 
binucleated Reed-Sternberg cell with large and prominent nucleoli. (B: Oil immersion.) 



The differential diagnosis of non-Hodgkin's lymphoma also includes benign thymic 
hyperplasia (described above), hyperplasia of the mediastinal lymph nodes and, rarely, 
Castleman's disease, which sometimes may have unusual features. For a description of the 
cytology of Castleman's disease, see Chapter 31 . 

Neuroblastoma and Ganglioneuroma 

Rarely, neuroblastoma presents as a posterior mediastinal tumor in infants and children (usually 
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under 5 years of age), and half occur in infants less than 2 years old. The histology and 
cytology of this tumor is repeatedly described in this book and need not be repeated here (see 
Chaps. 40 and 42). Afinding of a tumor composed of or containing ganglion cells is suggestive 
of a ganglioneuroblastoma or ganglioneuroma. Figure 37-8 illustrates a paraspinal tumor 
composed almost entirely of atypical ganglion cells, which was diagnosed as a 
ganglioneuroma. 
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Figure 37-8 Ganglioneuroma. Histology (A) and cytology under oil immersion ( B ) 
showing a paraspinal tumor composed almost entirely of atypical ganglion cells. 



Granular Cell Tumor 

Diagnosis of the very rare mediastinal granular cell tumor may be made by percutaneous, 
transbronchial, or mediastinoscopic needle aspirates in lieu of open thoracotomy with frozen 
section. As in bronchial brush specimens, the tumor cells in a needle aspirate are large and 
polygonal with granular cytoplasm and indistinct cell borders (Smith et al, 1998), and are 
usually accompanied by spindly stromal cells. The cytologic presentation of pulmonary granular 
cell tumors and breast tumors is discussed and illustrated in Chapters 20 and 29, respectively. 

Germ Cell Tumors 

Germ cell tumors are so named because they are believed to arise from primordial germ cells. 

They have the potential to mature into any of the ectodermal, entodermal, or mesenchymal 
tissues. Most germ cell tumors arise in the gonads; however, they can arise in midline 
structures elsewhere. The mediastinum is the most common site for extragonadal 
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germ cell tumors, which constitute about 20% of mediastinal tumors and are almost as 
common as thymomas. Takeda et al (2003) reported that 129 germ cell tumors accounted for 
16% of all mediastinal tumors seen in a major Japanese medical center over a 50-year period. 

Of these, mature teratomas (in 95 patients) were the most common, 13 patients had 
seminomas, and 21 patients had nonseminomatous germ cell tumors. 

For our purposes, the mediastinal germ cell tumors may be classified as follows: 

■ Teratomas (benign or malignant) 

■ Seminomas (germinomas) 

■ Embryonal carcinomas 
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■ Yolk sac tumor (endodermal sinus tumor) 

■ Choriocarcinoma 

There is a distinct relationship between the sex of the individual and the occurrence of 
mediastinal germ cell tumors. Seminomas (germinomas) occur only in males. Other germ 
cell tumors are found predominantly in males but are also found in females. Mature cystic 
teratomas occur in both sexes in equal proportions (Shimosato and Mukai, 1997). The 
infrequent immature or partially immature teratomas of the mediastinum are seen in male 
children or adolescents. Needle aspiration cytology of extragonadal germ cell tumors has 
been described by Tao et al (1984) and Koss et al (1992), and more recently by Collins et al 
(1995), Motoyama et al (1995), Singh et al (1997), and Chao et al (1997). 




Figure 37-9 Mature teratoma. A. Squamous epithelium of a mature cystic teratoma 
showing cyst contents filled with squamous debris. Aduplication cyst of the esophagus 
may have the same squamous epithelial lining. The aspirate will contain mostly anucleated 
squamous cells with perhaps an occasional benign superficial squamous cell with intact 
nucleus. B. Another cyst is surfaced by mucin-secreting and ciliated respiratory epithelium 
that has undergone partial epidermoid metaplasia. A bronchogenic cyst could have the 
same epithelial lining. The aspirate was almost acellular, yielding mucinous cyst contents 
with rare, poorly preserved columnar cells. Flat sheets of benign glandular epithelium ( C ) 
and clusters of columnar cells ( D ) aspirated from a different site of the same tumor, 
illustrating some of the variety of cell types that may be obtained from a teratoma. 



Teratomas 

Histology 

Teratomas are the most common germ cell tumors of the mediastinum. They may be solid or 
cystic and mature or immature. Histologically, they are composed of tissues from two or three of 
the embryonic germ cell layers (i.e., the ectoderm, entoderm, and mesoderm). Mature 
teratomas are often cystic and their most common components (in order of frequency) are 
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skin (Fig. 37-9A), bronchial tissue (Fig. 37-9B), gastrointestinal mucosa, smooth muscle, fat, 
bone, cartilage, pancreatic tissue, salivary gland, and central nervous tissue (Shimosato and 
Mukai, 1997). In women, teratomas are virtually always mature and benign, and many 
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are cystic. Neural tissues are the most common immature component of immature 
teratomas, and they may constitute a large proportion of the tumor. Malignant germ cell 
tumors may arise in an immature teratoma, and carcinomas may arise in mature 
teratomas. 

Cytology 

The cellular content of an aspirate depends on the constituents of the tumor, and is sampling- 
dependent. Since mature teratomas account for the great majority of mediastinal germ cell 
tumors, and most are cystic, the aspirate of such tumors will be cyst contents. Thus, an aspirate 
yielding squamous keratotic debris or mucoid material should suggest a benign cystic 
teratoma. Less commonly, depending on the nature of the tumor and vigor of the aspiration, 
other tissue components may be observed (Fig. 37-9C.D). Motoyama et al (1995) described 
sheets of small, somewhat spindly cells in an aspirate corresponding to the neural element of 
an immature teratoma. 

Malignant teratomas yield cancer cells, as described in Chapter 26. 

Seminomas (Germinomas) 

Histology 

Seminomas occur in males; they are often bulky, and in histologic sections are identical to 
testicular seminomas. They are composed of sheets of large polygonal cells with a distinct 
cell membrane, clear or finely textured cytoplasm, and a centrally placed large round nucleus 
with delicate chromatin and one or more prominent nucleoli (Fig. 37-1 OA). Typically there is a 
rich population of lymphocytes separating and surrounding nests or sheets of tumor cells 
(Fig. 37-1 OC). Granulomas may occur in these tumors (see Chap. 33). 

Cytology 

In needle aspirates or imprints, the tumor cells are of moderate size, dispersed, and quite 
uniform. They have large nuclei with delicate chromatin and a prominent, single, central 
nucleolus or several smaller nucleoli, and a rim of scanty, often poorly preserved clear 
cytoplasm (Fig. 37-10B,D). The tumor cells typically are accompanied by lymphocytes. A 

case of seminoma associated with multilocular thymic cysts was described by Silverman et al 
(1999). 

One of the characteristics of testicular seminoma in air-dried, May-Grunwald-Giemsa (MGG)- or 
DiffQuikstained smears is a “tiger-striped” or “tigroid” background (see Chap. 33) that may 
also be observed in aspiration smears of mediastinal seminoma (Linsk and Salzman, 1972; 

Balslev et al, 1990; Collins et al. 1995). The pattern is caused by cytoplasmic debris that, for 
unknown reasons, are distributed in bands that are not apparent in Papanicolaou- or 
hematoxylin and eosin-stained smears. Aspirates of seminoma may be mistaken for large- 
cell lymphoma, thymoma, or undifferentiated carcinoma. The cells of seminoma tend to 
cluster, which distinguishes them from lymphoma, but they are not as coherent as the epithelial 
cells of thymoma. They are larger than the cells of large-cell lymphoma, and the presence of a 
second population of small lymphocytes should alert one to the diagnosis of seminoma. A 
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single, prominent central nucleolus, which is present in many of the cells of seminoma, is highly 
characteristic of the tumor. In the absence of clinical history, differentiation from metastatic 
carcinoma may occasionally be a problem, but the cells of carcinoma tend to form organoid 
groups and clusters, are more variable than seminoma, and may show epidermoid or glandular 
differentiation. In doubtful cases, the cells of seminoma can be distinguished from those of 
thymoma by a negative immunocytochemical reaction for cytokeratin, and a positive placental 
alkaline phosphatase (PLAP) stain. It differs from lymphomas by a negative reaction for CD45 
and other lymphocyte antigens. 

Embryonal Carcinoma 

Embryonal carcinoma is a relatively rare and highly malignant mediastinal tumor that is identical 
or similar to testicular tumors of this type (see Chap. 33). The histologic pattern typically is 
variable, and within a single tumor there may be solid, papillary, glandular, or tubular 
components. In general, the tumor cells are relatively large, polygonal, with round or oval 
nuclei, distinct nucleoli, and palestaining cytoplasm with indistinct cell borders. In 
aspirates, the cells have scanty cytoplasm and tend to form groups and clusters, sometimes 
of a papillary configuration (see Chaps. 26 and 33). Without knowledge of the patient's age 
and clinical history, it may not be possible to exclude metastatic carcinoma. The tumor cells are 
positive for cytokeratin, but like seminoma they may express placental alkaline phosphatase; 
some, but not all, tumors express alpha fetoprotein. 

Yolk Sac (Endodermat Sinus) Tumors 

Yolk sac tumors of the mediastinum are also rare and highly malignant, and are similar or 
identical to ovarian tumors of this type (see Chap. 16). They have a characteristic reticular 
histologic pattern and so-called “Schiller-Duval” bodies (tiny papillary tufts composed of a 
central blood vessel surrounded by columnar tumor cells). There are intra-and 
extracellular hyalin, eosinophilic droplets present that are periodic acid Schiff (PAS)-positive, 
and some are alpha fetoprotein-positive. 

Aspirates of mediastinal yolk sac tumors are identical to those in ovarian tumors of this type 
(see Chap. 15). Collins et al (1995) and Motoyama et al (1995) described cohesive clusters 
of cells with large nuclei, vacuolated cytoplasm and PAS-positive intracytoplasmic 
inclusions and extracellular spherical globules. Chao et al (1997) found many pleomorphic 
cells with cytoplasmic and nuclear vacuoles, and aggregates of tumor cells in a 
microglandular or papillary configuration, reminiscent of the Schiller-Duval bodies. Similar 
findings in sacrococcygeal yolk sac tumors were reported by Dominguez-Franjo et al (1993). 

Choriocarcinoma 

Choriocarcinoma is usually seen as a component of other germ cell tumors, and sometimes can 
be recognized in aspirates by the presence of large, multinucleated syncytiotrophoblastic 
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cells with eosinophilic cytoplasm (see Chap. 17). Such a case, in which the choriocarcinoma 
was associated with embryonal carcinoma, was observed by Sangalli et al (1986) in the 
mediastinum. Round or polygonal mononuclear cytotrophoblasts are expected to be present but 
are less distinctive and may not be recognized. The diagnosis can be confirmed by positive 
beta-human chorionic gonadotropin (hCG) immunostaining, which may be useful in cases 
of suspected metastatic tumor (Craig et al, 1983). For further discussion of the histologic and 
cytologic presentation of these tumors, see Chapters 17 and 23. 
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Figure 37-10 Thymic seminoma. Histology of thymic seminoma from a 38-year-old-man 
(A) and a 49-year-old man ( C ). The uniform tumor cells have distinct cell membranes, pale 
eosinophilic or clear cytoplasm, and a central round nucleus with delicate chromatin and 
one or several prominent nucleoli. Lymphocytes associated with the tumor cells are evident 
in C. B,D. Corresponding cytology slides for tumors A and B, respectively. Note the 
prominent nucleolus (or nucleoli) within uniform large round nuclei with delicate chromatin. 

( B,D : Oil immersion.) 



Tumors of Nerve Origin: Schwannomas and Neurofibromas 
Schwannomas and neurofibromas are the most common tumors of the posterior 
mediastinum. The distinction between these two tumors can rarely, if ever, be made by needle 
aspirate. Histologically, they are composed of bundles of thin, spindly, often wavy cells 
(Fig. 37-1 1AB). The nuclei of Schwannomas may form a palisade-like arrangement (the 
so-called Verocay bodies) (Fig. 37-11 A, C). The diagnosis should be suspected in a 
percutaneous needle aspirate of a posterior mediastinal tumor if single and loosely bundled 
elongated spindle cells are present. Wavy bundles of very elongated cells are most suggestive, 
and on occasion tumor fragments may be observed with palisaded nuclei (Verocay bodies) (Fig. 
37-1 1C). The diagnosis can be made with confidence if the location of the tumor and radiologic 
presentation are consistent. The very rare pigmented schwannoma may lead to suspicion of 
melanoma. In percutaneous fine-needle aspirates, however, the tumor cells differ from those of 
malignant melanoma in that they have long branching cytoplasmic projections that contain the 
melanotic cytoplasmic pigmentation. The tumors arise in spinal nerve roots and sympathetic 
ganglia (Marchevsky, 1 999), and about half of these tumors contain psammoma bodies ( Prieto- 
Rodriquez et al, 1998). They are S-100 and HMB-45 positive (Marco et al, 1998). 

Neurofibromas (and, rarely, schwannomas) may be malignant. Jaffer and Woodruff (2000) 
described such a case with pulmonary metastases and pleural effusion (see Chap. 26). 

Solitary Fibrous Tumor 

A small number of soft-tissue tumors, classified as solitary fibrous tumors, have been described 
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in the mediastinum, 
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primarily in the anterior and superior compartments and sometimes associated with thymus. 

They may be benign or malignant. The former are smoothly encapsulated (Fig. 37-1 2A) and 
composed of interlacing bands of spindly fibroblasts in histologic patterns resembling fibrous 
histiocytoma, hemangiopericytoma, or sometimes neurofibroma/schwannoma (Fig. 37-1 2B). 

The cytologic pattern of uniform spindly cells (Fig. 37-1 2C) is similar to that of other spindle cell 
tumors, and a presumptive diagnosis of solitary fibrous tumor depends on knowledge of the 
location and the radiologic appearance of the tumor. The malignant fibrous tumors 
(fibrosarcomas) are characterized grossly by invasive margins and histologically by high 
cellularity and plump spindle cells with frequent mitoses. The tumor cells express vimentin and 
CD 34 but are negative for CD 31, cytokeratin, and muscle and glial cell markers. 




Figure 37-11 Schwannoma. A Histology of Schwannoma from a 58-year-old man to 
show the alignment of spindle cell nuclei forming so-called Verocay bodies. B. Some 
nuclear atypia is not uncommon in these benign tumors. C. FNAof the same tumor in 
which a tissue fragment was obtained that consisted of spindle cells with Verocay bodies. 
D. The cells in a thin area of the smear have relatively uniform ovoid nuclei with finely 
textured chromatin and no nucleoli. 



Other Soft-Tissue Tumors 

The mediastinum may be host to other soft-tissue tumors, such as lipomas, vascular tumors, 
and sclerosing (fibrosing) mediastinitis. Attal et al (1995) reported a case of myxoid 
liposarcoma. The reader is referred to Chapter 35 for a description of the cytologic 
presentation of these tumors. 

MEDIASTINAL CYSTS 

These cysts are usually an incidental finding on chest x-ray. Symptom-causing cysts are very 
rare. While it is often quite easy to recognize that one is dealing with a cyst by the presence 
and appearance of fluid in an aspirate, it may be much more difficult to identify the type of cyst. 
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As a caveat, many of the usually solid mediastinal tumors may have a cystic 
component (including, for example, thymoma, mature teratoma (dermoid cyst), seminoma 
(germinoma), and some lymphomas), and this will be correctly identified only if the aspirate 
contains a representative sampling of the solid tumor. 

Benign congenital thymic cysts may be unilocular or multilocular, and may contain clear or 
straw-colored fluid, or sometimes old blood. The cysts are thin-walled and lined by epithelium 
that may vary from flattened to cuboidal to columnar, with or without cilia, or by stratified 
squamous epithelium. The epithelium may be replaced wholly or partly by granulation tissue. 

The nature of the aspirate depends on the nature of the cyst contents and the type of lining 
epithelium involved; however, many cystic tumors of diverse origin contain foamy histiocytes 
(Fig. 37-13A.B). 

Bronchogenic cysts are perhaps the most common benign congenital cysts of the 
mediastinum. They are lined 
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by pseudostratified, ciliated, columnar respiratory epithelium that may undergo 
squamous metaplasia (see Fig. 37-9B), or they may be denuded. In the absence of 
respiratory epithelium, these cysts can be recognized histologically by the presence of smooth 
muscle, tracheobronchial glands, and sometimes cartilage in the wall. Cytologic confirmation 
of a radiologic diagnosis depends on finding recognizable respiratory epithelium in the 
usually sparsely cellular fluid aspirate (remembering that thymic cysts may also be 
lined by ciliated respiratory epithelium). In the absence of diagnostic respiratory epithelial 
cells, one may be able to confirm that a visualized mass is cystic by the nature of the fluid 
aspirated, but only surmise that the cyst is bronchogenic in origin based on clinical and 
radiologic presentation. 




Figure 37-12 Solitary fibrous tumor. A The benign solitary fibrous tumor differs from its 
malignant counterpart in that it is smoothly encapsulated. B. Histology demonstrates 
interwoven bands of uniform spindle cells with varying amounts of collagen. The benign 
tumors may be moderately cellular and even mitotically active. C. The cytology slide shows 
a uniform population of ovoid and spindle cell nuclei with delicate chromatin and thin, 
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Figure 37-13 Thymoma. A Epithelial thymoma showing cystic spaces within the epithelial 
tumor. B. A large thymic cyst containing of foam cells. 



Esophageal cysts (duplication cysts) are lined by mature squamous epithelium, sometimes 
with patches of columnar epithelium. The aspirate typically contains many anucleated 
squamous epithelial cells and squamous debris, usually with few mature nucleated squamous 
cells. The diagnosis requires correlation with radiologic features that include location within, or 
closely related to, the wall of the esophagus. 
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Gastroenteric cysts are located in the posterior mediastinum and are lined by gastric or 
intestinal mucosa. The mucosa does not easily shed recognizable glandular cells, but such 
cells may be dislodged by the needle. It should be noted that the mucosa is subject to peptic 
ulceration and complications thereof, which may affect the nature of the cellular aspirate. 

Pericardial cysts are lined by a single layer of flat or cuboidal mesothelial cells, and contain 
clear, straw-colored fluid. They may or may not be attached to the pericardium (if not, they may 
be classified simply as mesothelial cysts). If it is not complicated by inflammation or 
hemorrhage, the straw-colored, sparsely cellular fluid will contain only a few mesothelial cells 
and mature lymphocytes. 

Lymphatic cysts contain straw-colored or milky fluid that can be sparsely cellular or rich in 
lymphocytes. The endothelial lining cells are unlikely to be present or recognized. 

Parasitic cysts are described elsewhere. Hydatid cysts, which may occur in the mediastinum 
and in the lungs of patients living in endemic areas, can be diagnosed definitively by the finding 
of scolices or chitinous cyst lining in an aspirate (see Chap. 19). 

MISCELLANEOUS LESIONS 

Chronic inflammatory processes in the mediastinum may form masses that may be 
suspected clinically or radiologically to be neoplastic. Most are caused by infectious agents and 
are similar to processes involving the lung. A case of Candida mediastinitis, diagnosed by 
endoscopic ultrasound-guided fine-needle aspiration (FNA) cytology, was reported by Prasad et 
al (2000). Bakhos et al (1998) recently reported a mediastinal inflammatory pseudotumor 
that was diagnosed by FNA The cytologic characteristics of aspirates from inflammatory 
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lesions involving the lung are described in Chapter 19. 

Hiller et al (1995) reported a case of mediastinal amyloid tumor diagnosed by FNA. 

Endometriosis involving the lung and pleura was diagnosed by Granberg and Willems (1977). 

METASTATIC TUMORS 

Metastatic carcinomas, principally from the lung, breast, and esophagus, are the most 
common tumors of the mediastinum. They usually involve mediastinal lymph nodes but 
may extend to soft tissues. The metastatic deposits are seldom aspirated, because the 
diagnosis is usually evident clinically. If they are aspirated, however, the cytology is identical to 
that described for the lung and lymph nodes in Chapters 20 and 31 , as well as other chapters, 
and need not be repeated here. Transbronchial needle aspirates of mediastinal lymph 
nodes, as described by Baker et al (1990), have been used for the staging of bronchogenic 
carcinoma. Baker et al (1990) pointed out that the presence of lymphocytes is an essential 
criterion of specimen adequacy. As discussed above, a cytologic distinction between primary 
and metastatic malignant tumors is not always easy, and it often requires a thorough knowledge 
of clinical and radiologic findings. 

ACCURACY OF MEDIASTINAL ASPIRATES 

Potential sources of error with mediastinal aspirates are noted above, and were previously 
discussed by Geisinger (1995). Because of the generally limited experience with needle 
aspirates of the mediastinum at any one institution, there are no large series that can provide 
statistically reliable data on diagnostic accuracy. In a review of 189 mediastinal aspirates from 
four academic institutions, Singh et al (1997) found that only 15% of the cytologic samples were 
unsatisfactory. There were very few errors among the remaining satisfactory aspirates: one 
small-cell carcinoma was mistaken for malignant lymphoma, and one germ cell tumor was 
mistaken for metastatic carcinoma. In general, given pertinent clinical and radiologic information 
and an adequate sample, the experienced examiner should be able to achieve a high level of 
diagnostic accuracy with aspiration cytology specimens from mediastinal space-occupying 
lesions. 
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38 

The Liver and Spleen 

Muhammad B. Zaman 

THE LIVER 

Diseases of the liver can be broadly divided into diffuse parenchymal disorders, such as 
hepatitis and cirrhosis, and space-occupying lesions, such as cysts, abscesses, and benign or 
malignant tumors. The latter group is the target of fine-needle aspiration biopsy (FNA), which is 
performed under imaging guidance [ultrasonography (US) or computed tomography (CT)], 
usually by an interventional radiologist. Lundquist (1971) attributed the actual introduction of 
the aspiration of the liver to Lucatello in 1895. 

At most institutions, including ours, the liver is the most commonly aspirated abdominal organ, 
accounting for 55% of abdominal aspirates and 36% of all aspirates performed by radiologists. 

SAMPLING TECHNIQUES 

CT and US can be used to guide the selection of the entry site for a liver aspiration 
biopsy, and provide information on the depth to which the needle will be inserted and the 
optimum angle of approach to the target. The entry site is selected based on the shortest 
distance between the skin and the target lesion. This entry site may be modified in order to 
avoid the costophrenic angles (and hence the danger of pneumothorax) and major 
vessels, such as the aorta, vena cava, and portal veins. 

The patient is placed in a comfortable supine position, usually leaning to the left. Following the 
selection of the entry site, the skin is cleansed and anesthetized. A 2- to 3-mm skin incision 
made with a no. 11 scalpel blade facilitates the passage of the biopsy needle. The needle, with 
the stylet in place, is inserted through the skin incision at the previously determined angle and 
depth. The insertion of the needle is performed during suspended respiration and usually in the 
same respiratory phase employed in the previous localizing study. Special care and experience 
are required to prevent the direction of the thin, flexible needle from being deflected, particularly 
in patients with well-developed musculature. This problem can be avoided by initially inserting a 
rigid 18-gauge needle with a stylet to the depth of subcutaneous fat and muscle. Subsequently 
the stylet is removed and replaced by the thin needle, which is then advanced to the target. As 
the needle reaches the target, the operator is often able to sense a change in the consistency 
of the tissue. Five to 10 rapid (4- to 5-mm) excursions of 
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the needle are performed to loosen the cells. Suction is applied by attaching a 10- or 20-ml 
disposable syringe to the thin needle. This is followed by a few short excursions through the 
lesion, while the suction is continued. The suction must be released before the needle is 
withdrawn. Except for cysts with a large fluid content, the aspirated material should 
remain within the needle. The operator can repeat this procedure three to four times through 
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the same skin incision, using a different needle and slightly modifying the angle of approach. 

Recently there have been further innovations in the technique. An 18-gauge spring-driven 
biopsy gun (Automatic Disposable Guillotine Soft-Tissue Needle; Bauer Medical Inc, 

Clearwater, FL), similar to the device extensively used for a Tru-Cut prostate needle biopsy, is 
employed. A 15-cm-long, 1 .5-mm-wide outer needle with a stylus is first introduced under CT 
guidance to reach the lesion. The longer (20 cm), precocked, 18-gauge biopsy gun is then 
introduced to the appropriate depth and multiple slender tissue cores are obtained for cytologic 
and histologic studies. An immediate assessment of a core can be performed with smears, 
prepared as crush or touch preparations, stained with Diff-Quik. Two to four smears from each 
biopsy can be prepared. It was previously documented by Sherlock et al (1967), Grossman et al 
(1972), and Carney (1975) that the cytologic evaluation of residual debris accompanying 
large core needle biopsies increases the diagnostic yield in malignant diseases in comparison 
with histologic evaluation. In our experience, in 5% to 10% of cases of metastatic cancer, only 
benign liver tissue is seen in routine histologic sections of hepatic biopsies (cut at six to eight 
levels), whereas smears disclose malignant cells. Thus, cytologic and histologic studies of liver 
biopsies are complementary and the use of both methods can increase the diagnostic 
sensitivity (Bell, 1986; Dusenbery et al, 1995). The reported sensitivity of tumor diagnoses 
ranges from 67% to 100%, and the specificity ranges from 80% to 100% (Schwerk et al, 1981 ; 

Walker et al, 1982; Samartonga et al, 1992; Hertz et al, 2000). 

Complications 

FNAof the liver is considered a very safe procedure. Anecdotal cases of fatality secondary to 
hemorrhage have been reported (Riska et al, 1975), and bleeding disorders are considered a 
contraindication. The other reported complication is bile peritonitis (Schultz, 1976). At 
Montefiore Medical Center, we observed a similar case occurring in a patient with pancreatic 
carcinoma and distended gall bladder (Courvoisier gall bladder), and a case of fatal 
hemorrhage following aspiration of a hepatic angiosarcoma (Rosenblatt et al, 1982; Koss et al, 

1992). DeMay (1996) recorded several cases of seeding of primary and metastatic malignant 
tumors of the liver after these diagnostic procedures were performed. In some of these 
procedures, large-caliber needles were used. 



TABLE 38-1 PRINCIPAL SPACE-OCCUPYING LESIONS OF THE LIVER 

Benign 

Hepatic cysts 
Congenital 
Hydatid 
Abscesses 
Bacterial 
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Amebic 

Adenomas 

Bile duct 

Liver cell 

Focal nodular hyperplasia (FNH) 

Hamartomas 

Malignant 

Primary tumors 

Hepatocellular carcinoma (HCC) 

Hepatoblastoma 
Cholangiocarcinoma 
Rare primary tumors 
Metastatic tumors 



Indications 

FNAof the liver is widely used in the evaluation of space-occupying lesions. The principal 
targets are listed in Table 38-1. In metastatic cancer, the superiority of the guided needle 
approach over the transcutaneous tissue core biopsy performed with large-bore needles (Vim- 
Silverman- or Menghini-type needles) has been documented, particularly for lesions in the left 
lobe of the liver (Rosenblatt et al, 1982). 

As discussed below, FNAof the liver does not replace tissue biopsy for the evaluation of 
diffuse hepatic disorders such as cirrhosis, hepatitis, suspected granulomas, or 
metabolic diseases, in which the histologic context is important. However, an incidental 
cytologic examination may sometimes contribute to the diagnosis in such cases. 

NORMAL LIVER 
Histology 

The liver is enclosed in a thin layer of connective tissue surfaced by a single layer of 
mesothelial cells (Glisson's capsule), and is separated from the right diaphragm by a narrow 
space. Normal liver is composed of numerous lobules, each of which is formed by large 
hepatocytes arranged in plates that are separated from each other by capillary vessels (Fig. 
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38-1 A). The endothelial cells of these capillaries, the Kupffer cells, have a phagocytic 
function. Rare, small perisinusoidal cells, hepatic stellate cells (Ito cell or fat-storing cell), 
become prominent in hypervitaminosis 

P.1391 

A. The hepatic lobules are separated from each other by portal spaces, or areas of connective 
tissue, that contain small bile ducts and branches of the portal vein and hepatic arteries. 




Figure 38-1 Normal liver. A Normal histology. The liver is composed of approximately 
100,000 units or lobules; roughly one sixth of a lobule is represented here. A portal tract 
with artery, vein, and bile ductules, and plates of hepatocytes separated by capillary 
sinusoids are illustrated. B. Benign hepatocytes are flat, polygonal, pleomorphic cells with 
abundant granular cytoplasm, some of which is frayed at the edge. Binucleation and 
nucleoli are usually seen. Note that the smaller cells have smaller nuclei. The cytoplasmic 
pigment is lipofuscin. C. Bile duct epithelium is a sparse component of normal liver 
aspirate. Ductal epithelial cells are smaller than hepatocytes and present as a flat uniform 
monolayer of cells. A columnar shape with basal nuclei is apparent. D. Mesothelial cells. 
Note gaps (windows) between cells and prominent nucleoli. 



A characteristic feature of the metabolically very active hepatocytes is the granularity of 
their cytoplasm, which is caused by the presence of numerous organelles (mainly 
mitochondria). Most, but not all, nuclei of normal adult hepatocytes are tetraploid, which 
accounts for their relatively large sizes. 

One of the principal functions of hepatocytes is the formation of bile, which is collected in tiny 
intercellular bile canaliculi. These canaliculi merge to form intralobular bile ducts that may be 
visualized by special stains, such as CK19 (Hurliman et al, 1991; Maeda et al, 1995, 1996; 
Alexander et al, 1997). The intralobular ducts merge to form larger bile ducts that are visible in 
portal spaces and eventually deliver the bile into the common bile duct, which opens into the 
duodenum. The smaller bile ducts are lined by cuboidal cells, and the larger ducts are lined 
by columnar cells with clear cytoplasm and small vesicular nuclei. 

Cytology 
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Normal liver is never deliberately aspirated, but normal hepatocytes and bile duct cells are a 
common component of smears, particularly if the target of the aspiration is a relatively small 
space-occupying lesion. Mesothelial cells, which are derived from the mesothelial lining of 
Glisson's capsule (see below), are a common component of such smears. 

Normal and Reactive Hepatocytes 

Hepatocytes occur singly or form loosely cohesive groups of large, flat polygonal cells with 
abundant, dense granular cytoplasm that stains pink with hematoxylin and eosin, and purple 
with hematologic stains (such as Diff-Quik) or orange-brown with Papanicolaou stain (Fig. 38- 
1B). Quite often, the cytoplasm is frayed at the edge. Perinuclear accumulation of lipofuscin 
pigment may be present in older patients (see below). The single or double nuclei of 
hepatocytes are spherical, have a regular contour, are centrally placed within the cell, and may 
vary in size in keeping 
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with their DNA content. The chromatin is moderately granular and evenly distributed, and 
small nucleoli are visible. Intranuclear cytoplasmic inclusions (INCIs) are not uncommon. 

Normal hepatocytes show some variability in size, and thus some degree of 
pleomorphism. However, a low nucleocytoplasmic ratio is maintained (i.e., smaller cells have 
smaller nuclei). In rapidly fixed material, hepatocytes in clusters may be separated from each 
other by narrow clear spaces that represent intercellular bile canaliculi. Kupffer cells are 
rarely identified unless they act as macrophages and contain phagocytized material in their 
cytoplasm. 

Bile Duct Epithelium 

Bile duct cells usually form flat, cohesive clusters with distinguishable cell borders (i.e., a 
honeycomb arrangement of cells). Cells derived from small bile ducts are cuboidal, 
whereas larger columnar cells, similar to the endocervical epithelium, are derived from larger 
ducts. In both types of cells, the nuclei are transparent, uniform, ovoid, and basally placed (Fig. 

38-1 C). In normal liver aspirates, bile duct cell clusters are relatively uncommon. The only 
situations in which they may represent the dominant population in an FNA smear are those 
involving a bile duct adenoma (peribiliary gland hamartoma) and bile duct hamartoma 
(see Fig. 38-17). Conversely, a total absence of bile duct epithelium in an adequate FNA 
of liver with uniform, relatively small hepatocytes should raise the suspicion of liver 
cell adenoma or a well-differentiated hepatocellular carcinoma (HCC). 

Mesothelial Cells 

During the aspiration, the needle must penetrate the serosal surface of the abdominal cavity 
and Glisson's capsule before it reaches the target. Therefore, if the needle stylet is withdrawn 
before the needle enters the liver, sheets of mesothelial cells with characteristic intercellular 
clear spaces or “windows” may be observed. A characteristic feature of these cells is the 
presence of visible, sometimes multiple nucleoli within the oval or spherical, granular 
nuclei. In some liver smears, particularly if the aim of the aspiration is a small subcapsular 
lesion (e.g., a hemangioma), only mesothelial cells may be present. If such smears are 
inexpertly prepared, the sheets of mesothelial cells may be disorganized. Because of their 
nuclear features, the mesothelial cells may be mistaken for cancer cells (Fig. 38-ID). 

Hemopoietic cells are seen in extramedullary hematopoiesis, which may occur normally in 
infants but in adults is a consequence of impaired bone marrow function. Large, multilobate 
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megakaryocytes are usually the most conspicuous cells in such smears (see Fig. 40-22). 

PIGMENTS IN LIVER CELLS 

Lipofuscin 

This very common pigment, which is located predominantly within the perinuclear area of 
centrilobular hepatocytes, forms fine nonrefractile brown to golden-brown granules in 
Papanicolaou-stained smears (Fig. 38-2A) The pigment is composed of tertiary lysosomes that 
accumulate as end-products of intracellular digestion, and the amount of pigment increases 
with age. Lipofuscin can be stained with acid-fast stain (Fite stain), and has no particular 
clinical significance; however, it may be confused with other pigments that may accumulate in 
pathologic states. 

Bile 

Intracellular bile is a nonrefractile pigment that stains green to greenish-brown in Papanicolaou 
stain, and dark blue in Diff-Quik stain. Bile is produced only by hepatocytes, and in well-fixed 
smears the pigment is observed in tiny intercellular bile canaliculi. Otherwise, the pigment is 
diffuse in the cytoplasm. Accumulation of bile in benign hepatocytes is associated with 
hepatitis or obstructive jaundice. In the latter condition, bile may also be observed as yellow- 
green extracellular crystals (Fig. 38-2B). The presence of bile in the cytoplasm of 
malignant cells is diagnostic of primary or metastatic HCC. 

Hemosiderin 

Hemosiderin is a coarse, golden-brown retractile pigment that can be seen in the cytoplasm 
of hepatocytes, Kupffer cells, and, rarely, in bile duct epithelium. Its identity can be confirmed by 
stains for iron, such as Prussian blue. Its presence in hepatocytes indicates iron overload that 
may lead to cirrhosis. This may occur in an iron metabolism disorder (e.g., 
hemochromatosis) or after numerous transfusions (e.g., hemosiderosis) (Fig. 38-2C.D). 

Melanin 

This pigment is usually associated with metastatic melanoma to the liver. This is a powdery 
cytoplasmic pigment that stains brown in Papanicolaou stain (see Fig. 38-23A) and blue in Diff- 
Quik stain. The pigment may also be phagocytized by Kupffer cells. For further discussion of 
metastatic malignant melanoma, see below. 

Copper 

This coarse, green-brown pigment is seen in a perinuclear cytoplasmic location in the 
hepatocytes of patients with copper metabolism disorders, such as Wilson's disease, 

Indian childhood cirrhosis (possibly caused by excessive dietary intake of copper resulting 
from the use of copper or brass cooking and storage vessels), primary biliary cirrhosis, and 
other chronic cholestatic disease (Sipponen et al, 1980). Special stains are necessary to 
identify copper. 

DIFFUSE DISEASES OF THE LIVER 

Limitations of FNA 

As mentioned in the introductory comments of this chapter, aspiration biopsy smears are 
generally inadequate for the 
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diagnosis of diffuse or medical diseases of the liver, which require the use of tissue biopsies, 
preferably representing six to 12 portal tracts. However, occasionally aspiration smears 
combined with other laboratory data may contribute to the differential diagnosis of these 
disorders, particularly in ruling out suspected HCC. The two principal disorders in this category 

are cirrhosis and chronic hepatitis. 




Figure 38-2 Pigments in liver. A Lipofuscin. The perinuclear clustered golden-brown 
pigment is seen in these cells. The diffuse, fine pink granules are mitochondria. B. Bile 
pigment. Extracellular bile is seen as yellow-green crystals in a patient with obstructive 
jaundice. Cell block of aspirate. C. Hemosiderin. Intracytoplasmic, coarse, golden-brown 
retractile pigment in a case of hemosiderosis. D. The pigment stains deep blue on Prussian 
blue iron stain. 



Cirrhosis 

Histology 

Cirrhosis, which is an essentially irreversible process, may be the end stage of alcoholic liver 
disease or of chronic hepatitis caused by hepatitis virus B or C. Excessive growth of 
portal connective tissue, with a resulting subdivision of the liver into visible and palpable 
coarse nodules of various sizes, is the essence of the cirrhotic process (Fig. 38-3C). Within 
the nodules, necrosis and regeneration of hepatocytes may take place, and this process is 
thought to be involved in the pathogenesis of HCCs that may complicate cirrhosis. Within the 
enlarged portal spaces, there is usually a marked proliferation of bile ducts and an 
inflammatory infiltrate composed mainly of lymphocytes. Because the pathologic subdivision of 
the liver parenchyma disturbs the normal circulation of blood with increased portal venous 
pressure, the various manifestations of cirrhosis include esophageal and periumbilical (caput 
medusae) vein enlargement or varices, enlargement of the spleen, and accumulation of ascitic 
fluid (Koss et al, 1992). Hemorrhages from the esophageal varicose veins may be fatal to the 
patient. In general, cirrhotic livers are not investigated by FNA. However, on CT scans cirrhotic 
nodules may mimic HCC, and this may lead to an aspiration. 
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Cytology 

The cellular and nuclear pleomorphism of hepatocytes with many multinucleated cells 
(some with intranuclear cytoplasmic inclusions) is the hallmark of cirrhosis (Fig. 38-3A,B). The 
nuclei may also vary in size, and some may show prominent nucleoli. However, the 
nucleocytoplasmic ratio is usually not altered (Fig. 38-3D). Fragments of fibrous tissue that 
incorporate pleomorphic hepatocytes or encircling hepatic nodules are occasionally present in 
smears (Fig. 38-3A) (Lundquist, 1970). Bile duct epithelium is usually well represented, a 
feature that is not seen in FNA of large HCC. The latter finding is very helpful because 
when the cellular pleomorphism is very marked, and particularly in the presence of occasional 
large, hyperchromatic nuclei with prominent nucleoli stripped of cytoplasm, the differential 
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diagnosis of cirrhosis from HCC may pose problems (Berman, 1988; Koss et al, 1992). 




Figure 38-3 Cirrhosis of the liver. A,B. Cellular and nuclear pleomorphism, naked nuclei, 
intranuclear cytoplasmic inclusion, fragments of fibrous tissue, and inflammatory cells 
characterize the aspirate at low (A) and high ( B ) magnification. C. Histology of cirrhosis 
(same case as in A and B). Regenerating nodule encircled by fibrous tissue, bile duct 
proliferation, and chronic inflammatory cells in portal tract (trichrome stain). D. Cellular 
pleomorphism and prominent nucleoli may mimic hepatocellular carcinoma (HCC). 



Biliary Cirrhosis 

Biliary cirrhosis is an uncommon autoimmune disorder that mainly affects women and leads 
to the destruction of bile ducts. A characteristic feature of this disorder is the presence of 
antimitochondrial antibodies (for recent reviews see Tanaka et al, 2001; Bogdanos et al, 
2003; Zuber and Recktenwald, 2003). This disorder is rarely, if ever, dignosed by needle 
aspiration biopsy. It is mentioned here because occasionally an HCC will develop in such 
patients (Morimoto et al, 1999). 

Chronic Hepatitis 
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The diagnosis of chronic hepatitis, particularly that caused by hepatitis virus C, requires the use 
of core biopsies, which are assessed by an elaborate grading and staging system (Ishak et al, 

1995). An incidental FNA performed because of suspicion of HCC will reveal hepatocytes that 
vary in appearance from essentially normal to pleomorphic, as observed in cirrhosis (see 
above). The presence of scattered lymphocytes may suggest the correct diagnosis. Mummified, 
shrunken, eosinophilic, necrotic hepatocytes (Councilman or acidophilic bodies) may be 
seen. 

Metabolic Disorders 

Inborn hereditary errors of metabolism that diffusely involve the liver and are seen in pediatric- 
age groups are not a primary indication for an aspiration biopsy. The reader is referred to any 
standard textbook of pathology to review the natural history and microscopic findings in such 
disorders, which include alpha-1 -antitrypsin deficiency, cystic fibrosis, glycogen storage disease 
type IV mucopolysaccharidosis, porphyria cutanea tarda, and erythropoietic protoporphyria. 

Some metabolic disorders are amenable to primary FNA biopsy diagnosis (e.g., amyloidosis 
(Bose, 1989) and sometimes Gaucher's disease) (see Fig. 38-25). Others result in the 
deposition of pigments in the hepatocytes (e.g., hemachromatosis and Wilson's disease), 
as discussed above. 

Cytoplasmic vacuoles containing fat (fatty liver or steatosis) are attributed to faulty 
metabolism or alcoholic liver disease (Fig. 38-4A). Regenerating liver, following partial 
resection, may show enlarged nuclei with prominent 
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nucleoli and steatosis. Such changes are sometimes termed “reactive atypia,” and should be 
reported with an explanatory note (Fig. 38-4B). 




Figure 38-4 Metabolic disorders. A Steatosis or fatty liver. Note the accumulation of lipid 
in the cytoplasm of the hepatocytes. The finding is nonspecific and can be seen in many 
forms of liver injury. B. Reactive atypia in regenerating liver, after partial resection for HCC. 
Vacuoles containing fat are seen. 



Obstructive Jaundice 

Jaundice can be caused by a variety of benign or malignant conditions that lead to the 
obstruction of the hepatic or common bile duct. The role of aspiration smears of liver in 
the diagnosis of obstructive jaundice is limited. Bile duct proliferation, acute inflammation, bile 
stasis, and normal hepatocytes have been reported as the characteristic findings (Henriques, 
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1977). Intra- and extracellular bile accumulations are usually seen in FNA(see Fig. 38-2B). If 
the obstructive jaundice is caused by a primary or metastatic cancer, cytologic studies may 
contribute significantly to the diagnosis and treatment of this disorder (see Chap. 24). 

Granulomatous Disorders 

Granulomas in the liver may be caused by a variety of disorders, such as sarcoidosis, 
tuberculosis or other infections, drugs, neoplasms, and hepatobiliary disorders (e.g., 
primary biliary cirrhosis) (Neville et al, 1975; Wee et al, 1995). The granulomas are usually 
small and dispersed, and therefore the specific diagnosis cannot be established in 50% of 
tissue core biopsies. The histologic prototype of granulomas is a nodular collection of 
epithelioid histiocytes with or without giant cells, some with central necrosis. Sometimes 
granulomas can be recognized in FNA smears, but their specific etiology is seldom apparent 
(see Chaps. 19, 29, and 31). Thus it is usually difficult to diagnose granulomatous liver 
disorders (Stormby and Akerman, 1973). 

SPACE-OCCUPYING BENIGN CYSTIC LESIONS 

Congenital Cysts 

Most hepatic cysts are congenital. Such cysts are often associated with polycystic disease 
affecting the kidneys; they are generally asymptomatic and incidentally discovered during US or 
on CT scans. The cysts vary greatly in size and may be solitary or multiple, and uni- or 
multilocular. They are smooth-walled and generally subcapsular in location. Some cysts may 
become calcified. Such cysts are more common in women, are thought to arise from cystic 
dilatation of bile ducts, and rarely require treatment. Very large cysts may produce pressure 
symptoms, such as pain, and very rarely may lead to an obstruction of the bile flow and cause 
jaundice. The cysts are lined by a single layer of flat or cuboidal small epithelial cells, 
which resembles bile duct epithelium. Malignant tumors occurring within hepatic cysts are 
extremely rare (Bloustein, 1977). 

The aspirated fluid is clear and straw-colored. Smears of spun-down sediment show 
numerous large macrophages with small nuclei (Fig. 38-5A), similar to the contents of 
renal cysts. Small, flat clusters of benign cuboidal epithelial cells may be observed (Fig. 

38-5B). Normal hepatocytes may also be present in smears. 

A rare variant of congenital cysts is the ciliated hepatic foregut cyst, which is lined by ciliated 
epithelium and is similar to a bronchogenic cyst of the mediastinum. The content is viscid and 
mucinous, and smears may show a large number of macrophages and columnar cells bearing 
well-preserved cilia (Fig. 38-5C,D) (Zaman et al, 1995). Vick et al (1999) described a case of 
squamous carcinoma that occurred in a foregut cyst. 

Hydatid Cysts 

Hydatid cysts are caused by the larvae of the dog tapeworm, Echinococcus granulosus. 

Most cases occur in people from sheep- and cattle-raising areas of the world, including the 
United States, where dogs are the usual definitive host. Generally, children are infected 
following the accidental ingestion of eggs, which hatch in the intestine. Embryos penetrate the 
intestinal wall and enter the bloodstream. It takes many years for the unilocular hydatid cysts 
to develop, which commonly occurs in the right lobe of the liver, and less often in the lungs (see 
Chap. 19). 
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Figure 38-5 Cysts in liver. A,B. Congenital hepatic cyst. Acytospin smear shows large 
and small macrophages in a background of cell debris. B. Bile duct epithelium from the cyst 
lining may be present. C. Ciliated hepatic foregut cyst. Columnar cells bearing well- 
preserved cilia in a mucus background. Macrophages are also present. D. Hepatic foregut 
cyst. The resected cyst is lined by ciliated pseudostratified columnar epithelium. E 
Neoplastic cyst. The FNA appearance of a mucinous cyst in a 77-year-old female. 
Cytologically benign glandular cells in monolayer in a clean mucinous background are in 
favor of a primary tumor. F. Histology of the resected cyst. The epithelium is hyperplastic 
and papillary, with dysplastic changes. An ovarian-like stroma is present. 
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The wall of each cyst is composed of a thin germinal layer supported by a 1-mm-thick 
laminated membrane and an external thick laminated fibrous capsule that may partly calcify. 

The germinal layer is studded with daughter cysts known as brood capsules. Each capsule 
contains several heads or scoleces of the larval form of the parasite, with the characteristic 
hooklets. The aspirated cyst fluid usually contains hydatid sand, a mixture of degenerated 
scoleces, hooklets, calcareous corpuscles, and small fragments of the germinal layer (Garret et 
al, 1977; Pogacnik et al, 1989; Koss et al, 1992) (Fig. 38-6A,B). If the diagnosis is 
established clinically, an aspiration is not indicated because spillage of the cyst 
contents may result in dissemination or anaphylactic shock. 

Hepatic Abscesses 

Hepatic abscesses are of bacterial or amebic origin. Bacterial abscesses may be 
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complications of ascending cholangitis, septicemia, appendicitis, subphrenic abscess, or 
trauma, or they may have no clear predisposing cause. They may be single or multiple and 
contain bile-stained pus, which is easily recognized in aspirated material. Abundant intact or 
fragmented polymorphonuclear leukocytes (PMN), some lymphocytes, and debris containing 
macrophages are seen in the smears. Bacteria are often visible. Necrotic and reactive 
hepatocytes may be noted (Fig. 38-6C.D). Aspiration and drainage of the pus may be of 
therapeutic value. 




Figure 38-6 Cysts in liver. A Hydatid cyst. Acytospin preparation of FNA biopsy-derived 
hydatid cyst fluid shows a well-preserved scolex in the shape of a mushroom, with hooklets 
visible at the top (upper left). B. A histologic section shows three protoscolices in cross 
section within the brood capsules, and a portion of the germinal membrane at the upper 
right. C. Pyogenic (bacterial) abscess of liver. Intact and fragmented polymorphonuclear 
leukocytes (PMN) are seen. D. Reactive hepatocytes infiltrated by leukocytes, derived from 
the wall of the abscess. 



Amebic liver abscesses caused by Entamoeba histolytica are uncommon in the Western 
world. Chronic amebic dysentery is endemic in countries where drinking water is contaminated 
by fecal material, and liver abscess is a common complication. The smears of amebic 
abscesses contain necrotic material and macrophages. Occasionally, amebic trophozoites 
containing ingested erythrocytes can be identified, provided that the material was obtained from 
the wall of the abscess. 

Neoplastic Cysts 

The very rare hepatic biliary cystadenomas and cystadenocarcinomas are nearly all of 
the mucinous type and are analogous to pancreatic cystic tumors. Relatively large series 
involving these cysts have been reported in the literature (Ishak et al, 1977; Wheeler et al, 

1985; Pinto et al, 1989; DeVaney et al, 1994). The multilocular cystic tumors are almost 
exclusively seen in women (95%) and measure 2.5 to 28 cm in diameter. They are lined by 
cuboidal or columnar 
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mucinous epithelium with dense subepithelial fibrous stroma, which rarely may calcify and 
thus mimic hydatid cyst on imaging. In some borderline cases [seven of 52 in DeVaney et al's 
(1994) series], the cyst lining contained foci of “dysplasia” manifested by multilayering, 
hyperchromasia, and loss of polarity of the lining epithelium. Rare malignant 
cystadenocarcinomas have also been described (Ishak et al, 1977). The cyst content is clear 
and mucinous, and less often is serous, bile-stained, brown, or gelatinous, or consists of 
hemorrhagic fluid. The presence of carcinoembryonic antigen (CEA) on assay separates the 
neoplastic from congenital or hydatid cysts (Pinto et al, 1989). Aspirated cyst content in smears 
may only show the benign lining epithelium in a clean mucinous background (see Fig. 38-5E.F). 

As expected, complete resection of benign cysts is curative. However, when they are malignant, 
the 4-year survival rate is only 50% (DeVeney, 1994). Occasionally, primary HCCs and the 
rare primary carcinoids may be cystic. 

BENIGN TUMORS OF THE LIVER 
Hemangiomas 

The rather common benign hemangiomas are largely asymptomatic and are usually discovered, 
incidentally, during abdominal imaging by US or CT as well-circumscribed, space- 
occupying masses. Cavernous hemangiomas may reach large sizes and cause pressure 
symptoms. They sometimes may be difficult to distinguish radiologically from primary or 
metastatic carcinoma (Nakaizumi, 1990), although magnetic resonance imaging (MRI), 
angiography, or radioisotope imaging may be diagnostic of the entity. A needle aspiration of 
hemangiomas is not recommended because of the danger of hemorrhage; however, if it is 
performed, the smears will show blood, sometimes scanty fragments of fibrovascular 
connective tissue, and benign liver cells (Brant, 1987). Cell block preparations may yield 
diagnostic fragments of tissue (Fig. 38-7E). 

Adenomas 

Clinical Data and Histology 

These uncommon, usually encapsulated neoplasms occur mainly in young women who have 
used contraceptive hormones for an extended period of time (Christopherson et al, 1977; 

Fichner, 1977; Tao, 1991). The tumors may reach substantial sizes, causing abdominal 
discomfort, a palpable liver mass, or a hemorrhage caused by rupture of the lesion, which may 
lead to a hemoperitoneum. 

The tumors are composed of poorly organized liver parenchyma and show hepatocytes of 
variable sizes. Portal spaces and bile ducts are absent. HCC may occur in these patients. 

Tao (1991 , 1992) suggested that the foci of certain cytologic abnormalities, which he named 
“dysplasia,” may occur in adenomas, and may constitute a link between an adenoma and an 
HCC. If a-fetoprotein (AFP) in the serum of a patient with adenoma is significantly 
elevated, a diagnosis of a well-differentiated HCC must be considered. The two entities 
are sometimes difficult or impossible to distinguish histologically, even in resected specimens 
(Berman et al, 1988). 

Cytology 

Experience with the cytologic presentation of these lesions in FNAis very limited. Tao (1991, 

1992) described nine such adenomas, seven of which were characterized by the presence of 
abundant benign hepatocytes. The hepatocytes, some of which formed large, three- 
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dimensional cohesive groups, appeared essentially normal, with smooth nuclear membranes 
(Fig. 38-7A-C). Perhaps of diagnostic significance was the absence of epithelium of the bile 
ducts. In the two adenomas with foci of dysplasia, Tao observed cellular and nuclear 
abnormalities identical to those observed in a well-differentiated HCC (see below). 

Focal Nodular Hyperplasia 
Clinical Data and Histology 

Focal nodular hyperplasia (FNH) is an encapsulated, sometimes pedunculated tumor that is 
often observed at the periphery of the liver. In contrast to adenomas, which occur nearly 
exclusively in adult women, FNH may be observed in both sexes and all age groups. The 
asymptomatic lesions may be single or multiple, and are usually smaller than adenomas. They 
are discovered incidentally during imaging studies of the liver. The lesions have an uncertain 
prognosis because while some of them may disappear, others will increase in size. In contrast 
to adenomas, there is no evidence that these lesions are precursors of HCC (for a recent 
summary see Bioulac-Sage et al, 2002). 

The anatomic structure of FNH is fairly characteristic. Grossly and on a CT scan, the center of 
the lesion is occupied by an area of fibrosis that is described as a central stellate scar. 

It must be noted, however, that a similar radiologic appearance can sometimes be seen in 
sclerosing HCC, hemangioma, or metastatic cancer (Shirkhoda et al, 1994). 

Histologically, the lesion is characterized by a central area of fibrosis that contains 
malformed arterial vessels but no branches of the portal vein (Fig. 38-7D). At the periphery 
of the fibrotic area, malformed bile ducts can be observed. The remainder of the lesion is 
composed of nodules of benign hepatocytes separated by uneven bands of fibroconnective 
tissue containing capillaries lined by Kupffer cells. Aradionucleide scan demonstrating 
Kupffer cells is virtually diagnostic of nodular hyperplasia (Shirkhoda et al, 1 994). The 
presence of eosinophilic hyaline inclusions in the cytoplasm of the hepatocytes was 
reported by Wetzel and Alexander (1979). 

Cytology 

Experience with aspiration cytology of FNH is limited. In a personally observed patient, sheets 
of small but otherwise normal hepatocytes were accompanied by bile duct cells, some typical 
and some forming long tubules, corresponding to the rudimentary bile ducts observed in FNH 
(Fig. 38-7D) (Koss et al, 1992). Others have reported similar 

P.1399 

findings (Nguyen, 1986; Ruschenburg and Droese, 1989; De May, 1996). In our judgment, the 
diagnosis can be established if hepatocytes are accompanied by atypical bile duct epithelium 
and, sometimes, by fibrous tissue. The presence of bile duct epithelium rules out adenomas 
and HCC. 
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Figure 38-7 Aspiration smear of a liver cell adenoma with tissue follow-up. A 
Interconnecting nests and cords of relatively small uniform hepatocytes characterize this 
smear from a 34-year-old woman with a long history of oral contraceptive use. B. Higher 
magnification confirms the absence of nuclear atypia or prominent nucleoli. Aconclusive 
diagnosis of hepatocellular adenoma vs. well-differentiated HCC could not be made. C. 
Resected tumor. The absence of the classic trabecular pattern, a relatively low nuclear-to- 
cytoplasmic (N/C) ratio, absence of vascular invasion, and normal a-fetoprotein (AFP) level 
favored a diagnosis of hepatocellular adenoma. D. Focal nodular hyperplasia (FNH). 
Nodules of benign hepatocytes separated by bands of fibroconnective tissue with 
malformed bile ducts and arterial vessels. E. Hemangiomas. Cell block preparation of a 
cavernous hemangioma of liver showing dilated vascular spaces lined by endothelium. The 
compressed capsule shows bile ductules. The FNA smears showed fresh blood only. 



PRIMARY MALIGNANT TUMORS OF THE LIVER 

The diagnosis of a malignant tumor of the liver, whether primary or metastatic, carries (with rare 
exceptions) a grave prognosis. Despite the progress made in early diagnosis, liver surgery 
(including transplantation), and hepatic artery infusion with chemotherapeutic agents during the 
last decade, there is no evidence that a significant reduction in mortality has occurred or that 
the drastic therapeutic procedures are cost-effective (Collier et al, 1998). FNA of the liver is an 
essential procedure for the diagnosis of these tumors. 

Hepatocellular Carcinoma (HCC) 

Epidemiology 
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HCC accounts for approximately 80% of all primary malignant tumors of the liver. It is one of the 
most common cancers in Asia and Africa, where it is conspicuously associated with hepatitis B 
virus infection. Immunization against hepatitis B virus has been shown to be of value in 
reducing 

P.1400 

the rate of HCC in Taiwan (Chang et al, 1997). Aflatoxin, which is produced by the fungus 
Aspergillus flavus, has been implicated in Asia and Africa as a cofactor of hepatocellular and 
bile duct carcinomas (Jaskiewicz et al, 1991; Wogan, 1992). In India, China, Japan, and Korea, 
a parasite that dwells in the duodenum — Clonorchis sinensis — has been implicated as a 
cause of HCC and intrahepatic cholangiocarcinoma (ICC) (Belamaric, 1973; Purtilo, 1976; Kim, 

1984; Choi et al, 1988; Parkin etal, 1992; Shin et al, 1996; Abdel-Rahim, 2001). 

Although HCC is still rare in the United States, the incidence of this cancer is on the rise (El- 
Serag and Mason, 1999). The annual incidence of primary cancers of liver and intrahepatic bile 
ducts in 2002 was estimated by the American Cancer Society to be 16,600 patients and 14,100 
deaths (Jemal et al, 2002). Ninety percent of American patients with HCC have an underlying 
cirrhosis (Edmondson and Steiner, 1978). The cirrhosis is either secondary to alcoholism 
or chronic viral hepatitis associated with either B or C virus. 

The occurrence of HCC in normal liver, with no serologic evidence of hepatitis, is unusual and 
limited to about 2% of patients (Melato et al, 1989; Nzeako et al, 1996). Some of these cases 
are attributed to the use of contraceptives (via adenosis; see above) or anabolic steroids, 
administration of Thorotrast for diagnostic purposes (a practice abandoned many years 
ago), or metabolic disorders, such as tyrosinemia and a-1 antitrypsin deficiency. 




Figure 38-8 HCC. A Subcapsular tumor of the right lobe, resected from a 63-year-old man 
with cirrhosis secondary to chronic hepatitis C. C. The tumor measured 8 cm in diameter, 
was encapsulated, and further subdivided into nodules by fibrous septa. Areas of 
hemorrhage and focal necrosis, as well as evidence of bile (yellow-green) production, are 
noteworthy. B, C. Avery well-differentiated HCC in an aspiration smear with relatively small 
cells resembling benign hepatocytes (compare with Fig. 38-1 B). There are many naked 
nuclei crowded together. Slender endothelial cells are also present and are helpful in 
diagnosing HCC. D. Core needle biopsy of a very well-differentiated pseudoglandular HCC 
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corresponding to A-C. Individual cells show very little atypia. ( B,C : Diff-Quik stain.) 



Clinical Presentation and Prognosis 

The vast majority of patients with HCC in the United States are men over the age of 60 
years with liver cirrhosis. Conversely, approximately 10% of patients with cirrhosis will 
develop HCC (Berman, 1988). The common clinical presentation of the tumor is a right upper 
quadrant mass, abdominal pain, weight loss, and ascites (the latter being secondary to 
cirrhosis). Cytologic examination of the ascitic fluid may reveal striking mesothelial cell 
abnormalities caused by cirrhosis, but seldom cells of HCC, and thus the fluid rarely contributes 
to the diagnosis (Koss, 1992) (see Chap. 25). Symptoms caused by metastases as the initial 
presentation of HCC are rare and occur in only 3% to 5% of patients (Okuda, 1997). 

Although the most common presentation of HCC in imaging studies is a single large liver 
mass (Fig. 38-8A), 
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the tumor may also form multiple smaller nodules or a dominant mass with satellite 
nodules, thus mimicking the more common metastatic cancer. Also, a malignant tumor 
observed in an otherwise normal liver is most likely a metastasis. Serum alpha-fetoprotein 
(AFP) is elevated in about 60% of patients with HCC, and is the most useful marker for 
HCC. However, the level of AFP must be above 500 ng/ml to be of diagnostic value, because 
while acute or chronic viral hepatitis and cirrhosis also cause elevation of this enzyme, it is 
rarely above that level (Saul, 1999). In nearly 30% of AFP-seronegative patients (mainly those 
with small or well-differentiated HCC) the serum level of des-y -carboxyl prothrombin (DCP) 
has been suggested as a useful marker, with a sensitivity of 60% to 90% and specificity of 85% 

(Weitz et al, 1993). Thus, the decision as to whether a tumor is primary or metastatic, 
which is of critical therapeutic and prognostic significance, often rests in the hands of the 
cytopathologist, who assumes a critical role in the management of liver masses. 

HCC tends to invade blood vessels, and may spread to the portal vein system and the 
inferior vena cava. ACT survey at the initial presentation of HCC will show metastatic 
disease in approximately 60% of cases, primarily to lymph nodes of the porta hepatitis, but 
also to distant sites such as the lung, adrenal, or bone. At this stage of the disease (stages NIB 
and IV), there is no effective treatment and survival is limited to a few months (Nzeako et al, 

1996; Okuda et al, 1997). Even if the disease is localized to the liver, surgical resection or liver 
transplant are often impractical because of the underlying cirrhosis. Tumor size above 5 cm is, 
at present, a contraindication for a liver transplant. The 5-year survival after resection of 
selected cases is reported to be 20% to 30%. With stringent preselection (tumor <5 cm, in 
noncirrhotic or compensated cirrhotic patients), the 5-year survival rate can exceed 50% (Bruix, 

1997). Except for the rare fibrolamellar variant of HCC, which arises in the normal liver of 
children and young people, and is more frequently resectable with prolonged survival, the 
prognosis depends on the tumor stage and the patient's performance status. Prognostically, the 
histologic pattern or degree of differentiation is not significant. 

Histology 

HCC is a malignant tumor derived from hepatocytes. The main histologic characteristic of very 
well-differentiated HCC is its resemblance to the normal liver in both its platelike growth and its 
cytomorphology (Wee et al, 1991) (Fig. 38-8D). This is the basic appearance of the various 
histologic subtypes described below. 
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A trabecular (sinusoidal, plate-like) pattern is the most common type of HCC. The tumor 
cells grow in cords, three to several cell layers thick, separated by sinusoidal thin-walled 
capillaries. Kupffer cells are absent. Large cavernous spaces may be formed (see Figs. 38- 
10D and 38-1 ID). In some cases, the tumor grows as a solid mass wherein the sinusoids may 
be rendered inconspicuous by compression, and is classified as compact (solid) pattern (see 
Figs. 38-8D and 39-9D). 

A pseudoglandular (tubular or acinar) pattern usually results from a central breakdown of 
otherwise solid tumor trabeculae. The content of these gland-like spaces vary from 
macrophages and cellular debris to homogenous colloid-like material. A glandular pattern can 
also result from dilatation of canaliculi between tumor cells, and may contain dark-brown 
inspissated bile (Figs. 38-8D and 38-9D). The tumor cells may assume a columnar shape, thus 
resembling an adenocarcinoma. 

Afibrolamellar variant, which constitutes about 5% of primary hepatomas, occurs 
predominantly in children and young adults with noncirrhotic livers. Although sporadic reports of 
this tumor type appeared earlier, the term was first coined by Craig et al (1980). The unique 
nature of this hepatoma was also stressed by Berman et al (1980). The tumor is composed of 
large polygonal cells with abundant granular eosinophilic cytoplasm (oncocyte -I ike cells), 
sharply defined cell borders, and large vesicular nuclei with prominent nucleoli. The nests and 
columns of cells are separated by parallel (fibrolamellar) hyalinized bands of collagen (see 
Fig. 38-1 4C). Cytoplasmic pale bodies (ground-glass cells) are often seen. The latter is 
immunoreactive for fibrinogen (Berman et al, 1980). Approximately 50% of the tumors show 
bright pink periodic acid-Schiff (PAS)-positive intracytoplasmic hyaline globules (Fig. 38-14C), 
which are frequently immunoreactive for a-1 -antitrypsin (Saul, 1999). Aclear-cell variant was 
described by Cheuk and Chan (2001). The relationship of these tumors to FNH is being 
debated (Saul et al, 1987). This group of tumors has a distinctly better prognosis than more 
conventional types of hepatomas. 

Aclear-cell variant is characterized by tumor cells with prominent, clear cytoplasm caused by 
loss of glycogen and fat during processing. Nucleoli may be very prominent; thus, the histologic 
and cytologic similarities to metastatic renal or adrenal carcinoma and, rarely, melanoma may 
be striking (see Fig. 38-12B). 

An uncommon pleomorphic (giant cell) pattern, constituting less than 1% of hepatomas, is 
also recognized. The tumor is characterized by the presence of many noncohesive, 
multinucleated giant cells with small nuclei, which resemble osteoclasts. The tumors 
usually contain areas of conventional HCC (Kuwano et al, 1984; Hood et al, 1990) (see Fig. 38- 
15C). 

Cytology 

As emphasized above, the cytologic interpretation of liver aspirates is of critical significance in 
the diagnosis of liver neoplasms, and therefore in the clinical handling of patients. In general, 
the cytologic presentation of HCC on the aspiration smear closely reflects the degree of 
differentiation of the primary tumor. The task is not always easy at both ends of the diagnostic 
spectrum. On the one hand, it may be difficult to differentiate cirrhotic livers or other benign 
disorders from well-differentiated HCCs (Figs. 38-8, 38-9, and 38-10); on the other hand, poorly 
differentiated liver tumors, composed of cells that have lost the features of hepatic origin, often 
mimic metastatic tumors (see Fig. 38-12C.D). 
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Figure 38-9 Very well-differentiated HCC. Low (A) and high ( B,C ) magnification of 
H&E-stained smears of a liver mass from an 88-year-old male. Similarly to benign 
hepatocytes, crowded groups of uniform cells and a slightly altered N/C ratio are 
noteworthy. A diagnosis of “suspicious” for HCC was rendered. D. Core biopsy shows a 
trabecular and pseudoglandular pattern of a well-differentiated HCC. 



Well-Differentiated Hepatomas 

The common well-differentiated HCCs are by far the most difficult to identify because of 
the similarity of tumor cells to benign hepatocytes. Still, certain features of these tumors are 
helpful in their recognition. 

In aspirated samples, the well-differentiated HCCs usually yield an abundant population of 
tumor-derived hepatocytes, which occur singly and in large clusters. Quite often, the 
hepatocytes are somewhat smaller and show less variability in size than normal; these 
features are not easily reproducible among observers (Figs. 38-8 and 38-9). Also, the presence 
of large nuclei and nucleoli, and intranuclear cytoplasmic inclusions is not a reliable 
criterion of cancer, because these features may also be observed in normal hepatocytes and 
in cirrhosis. Intranuclear cytoplasmic inclusions may also be observed in some metastatic 
tumors, notably malignant melanomas (Figs. 38-8, 38-9, and 38-10). 

The features that are helpful in the diagnosis of this group of hepatomas are described 
below: 

■ The absence of bile duct cells, inflammation, or necrosis in the sample. The presence of 
bile duct epithelium, derived from adjacent normal or cirrhotic liver, may lead to an erroneous 
false-negative report. 

■ The presence of approximately spherical clusters of hepatocytes of various sizes, 
surrounded by an outer layer of endothelial cells or capillaries (Figs. 38-1 0C and 38- 
11A-C). This very helpful feature is particularly evident in the common trabecular variant of 
HCC, and is virtually never observed in benign samples or in metastatic tumors (Pitman 
and Szyfelbein, 1995). This feature is also observed in tissue sections wherein clusters of 
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tumor cells are separated from each other by capillaries (Fig. 38-1 ID). 

■ The presence of numerous nuclei stripped of cytoplasm (“naked” nuclei) with 
conspicuously large nucleoli of irregular shapes (Figs. 38-1 0A,B and 38-1 2A). This feature, 
which was first described by Pedio et al (1988), reflects the fragility of the cytoplasm of 
tumor cells that are damaged during smear preparation (Fig. 38-12B). This feature is 
commonly observed in clear-cell hepatomas. 

■ The formation of bile by tumor cells (Fig. 38-1 3B-D). This feature is less helpful in direct 
smears than in metastatic deposits (e.g., in lung metastases that may be recognized by 
bile-tinged sputum). In direct, rapidly fixed smears, bile accumulation may be observed 
in the cytoplasm of tumor cells, sometimes in the form of tiny 
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canaliculi that can be visualized with special stains. An important caveat is the presence of 
bile in normal hepatocytes and accumulation of bile in obstructive jaundice, which can be 
caused by numerous factors, including metastatic tumors. The latter event may lead to 
diagnostic errors (see Fig. 38-22B,C). 




Figure 38-10 Cytologic features useful in recognition of well differentiated 
hepatocellular carcinoma. A (Diff-Quick) and B (Papanicolaou) showing numerous 
dispersed “naked” nuclei of variable sizes. Remanents of cytoplasm and prominent nucleoli 
are shown. C. An approximately spherical cluster of hepatocytes with a sharply demarcated 
surface lined by endothelial cells (MGG stain). Well differentiated trabecular hepatocellular 
carcinoma, corresponding to A, B, and C. 



Poorly Differentiated HCCs 

Poorly differentiated HCCs are easily recognized as malignant, but their hepatic origin may be 
difficult to document in the aspirated sample. The aspirates contain tumor cells with 
transparent cytoplasm, often of variable size, with prominent large nuclei and multiple and 
sometimes huge nucleoli (Koss et al, 1992) (see Fig. 38-12C.D). Some cells or cell clusters 
may resemble hepatocytes, and may show some of the features characteristic of well- 
differentiated hepatomas, as discussed above. In such cases, a tentative diagnosis of HCC 
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may be ventured, provided that it is supported by clinical and biochemical data, such as a 

marked elevation of AFP in serum. 

Fibrolamellar Carcinoma 

The cytologic features of fibrolamellar tumors were described by Davenport (1990) in two 
cases, and by Perez-Guillermo et al (1999) in six cases. The smears contained dispersed large 
cancer cells with abundant, granular cytoplasm, thus resembling oncocytes. Hyaline 
cytoplasmic inclusions (pale bodies) were observed in some cells. The nuclei and nucleoli were 
very large. Fragments of connective tissue, sometimes in intimate contact with tumor cells and 
corresponding to tumor lamellae, were observed in all cases. In the Perez-Guillermo study, the 
tumor cells and their nuclei and nucleoli were shown to be larger in comparison with cells of 
the common type of HCC, and the differences were statistically significant. Similar tumor cells 
were observed in a metastatic fibrolamellar carcinoma by Sarode et al (2002). Our experience 
with this tumor type is limited to an aspirate from a 30-year-old female who presented with a 15- 
cm mass in the left lobe of the liver, with no clinical evidence of cirrhosis or hepatitis. The FNA 
was considered to be diagnostic of the disease (Fig. 38-1 4A-C). 

Pleomorphic Hepatoma with Giant Cells 

Cytologic experience with the very uncommon pleomorphic hepatomas with giant cells is very 
limited. We have observed one such example (Fig. 38-1 5A-C) in which numerous very large 
tumor cells, some with multiple small nuclei resembling osteoclasts, were intermingled with cells 
of conventional-type HCC (Koss et al, 1992). 

Pseudoglandular (Acinar) Type of HCC 

Pseudoglandular (acinar) tumors are uncommon tumors that shed cuboidal or columnar cancer 
cells that cannot be differentiated from metastatic adenocarcinomas, particularly those of 
gastrointestinal tract origin. The clinical presentation and the absence of mucin are sometimes 
helpful in the diagnosis. 
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Figure 38-11 Trabecular pattern of HCC. AB,C. The smears show cohesive spheres of 
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hepatocytes surrounded by endothelial cells forming a sharp edge of clusters. This 
cytologic presentation is diagnostic of HCC (Diff-Quick [A] and Papanicolaou [B,C]). D. 

Tissue section of corresponding tissue. The patient was a 47-year old male with paraspinal 
metastasis and an a-FP level of 35,500 ng/ml. 



Summary of the Cytologic Features ofHCCs 

The dominant cytologic features of HCCs, with their corresponding histologic patterns, are 
summarized in Table 38-2. However, these patterns may coexist in a given tumor, and cytologic 
sampling may not capture more than one or two of the characteristic features. 

Immunohistochemical Studies 

At times it can be difficult to cytopathologically distinguish between poorly differentiated HCC 
and metastatic adenocarcinoma without the help of ancillary studies. Numerous antibodies 
have been developed and much has been written about the utility of immunohistochemical 
stains (Christenson et al, 1989; Hurlimann et al, 1991; Van Eyken et al, 1993; Minervini et al, 

1997; Porcell et al, 2000). Polyclonal CEA(pCEA) positivity in a canalicular pattern was the old 
gold standard for the immunohistochemical diagnosis of HCC. Recently, a monoclonal mouse 
anti-human “hepatocyte” antibody (OCHE1E5, hepatocyte paraffin 1, Hep par 1; DAKO 
Corp., Carpenteria, CA), was reported to be present in normal human hepatocytes and 
expressed in a majority of HCCs, as well as in some gastrointestinal malignancies. This 
antibody has been tested in cell blocks of FNAof liver, with promising results (Zimmerman et al, 

2001; Siddiqui et al, 2002). Conversely, an antibody named “human epithelial related 
antigen” (also called MOC-31 ; DAKO), has been reported to be negative in HCC but positive 
in the vast majority of cholangiocarcinoma and metastatic adenocarcinoma cases (Porcell et al, 

2000). Table 38-3 summarizes the immunostains that are useful in distinguishing HCC from 
metastatic adenocarcinoma and cholangiocarcinoma. 

Intrahepatic Cholangiocarcinoma (ICC) 

Only about 10% to 20% of primary liver cancers are intrahepatic cholangiocarcinomas. The risk 
factors for HCC (i.e., hepatitis B or C infection, and cirrhosis of the liver) are not applicable to 
these tumors. ICCs occur in a background of chronic bile stasis caused by stones or the liver 
fluke (Clonorchis sinensis). Caroli's disease (congenital cystic dilatation of the intrahepatic 
biliary tree) (Bloustein, 1977) and primary sclerosing cholangitis or chronic inflammatory 
bowel disease, may also lead to ICC, mostly in male patients (Wee et al, 1985). When 
Thorotrast was used for diagnostic purposes, it was also thought to cause ICC (Rubel and 
Ishak, 1982). Occasionally, this tumor may develop in patients with primary biliary cirrhosis 
(Marimoto et al, 1999). 

The presenting symptoms of ICC are similar to those of HCC, with a few exceptions: 
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Figure 38-12 A Well-differentiated HCC with many naked nuclei and large nucleoli. In the 
center, the cell cluster has delicate, pink granular cytoplasm, an indication that the naked 
nuclei are cells that have lost their cytoplasm during smear preparation. Similar 
phenomenon is seen in direct smears of renal cell carcinoma, clear-cell type (see Fig. 40- 
8). B. Clear-cell HCC. The cytoplasm is finely vacuolated by glycogen deposits. The larger 
vacuoles store fat. C. A poorly differentiated HCC, which often lacks hepatocellular 
differentiation and mimics metastatic high-grade carcinoma (e.g., from lung or breast). D. In 
a needle core biopsy, a trabecular pattern is identifiable in the tumor shown in C. 



■ Contrary to HCC, which is observed mainly in males, the male-to-female ratio is equal. 

■ Jaundice is more common. 

■ There is no elevation of serum AFP. 

On imaging of the liver, and on gross examination of resected livers, the tumor is most often 
observed as a single large mass with infiltrating borders (Fig. 38-16A). However, the tumor 
may also form multiple smaller nodules or be diffuse and composed of numerous nodules 
measuring less than 1 cm in diameter. Necrosis or hemorrhage is uncommon. When the tumor 
nodules are multiple, they are often mistaken for a metastatic cancer. 

Histology 

Most ICCs are mucus-producing adenocarcinomas with moderate amounts of densely 
fibrotic stroma. They are morphologically similar to carcinomas arising from the 
pancreaticobiliary ductal epithelium (see Chaps. 24 and 32). The gland-forming tumor cells are 
uniform and cuboidal to low-columnar in configuration, with transparent or slightly granular 
cytoplasm, and ovoid basally placed nuclei (Fig. 38-1 6B). Bile is not produced by the 
cholangiocarcinoma cells, but mucus can be demonstrated. A trabecular or solid pattern of 
growth may occur, thus simulating HCC. However, the presence of densely fibrotic stroma, 
rather than intratumor capillary sinusoid vessels, allows for an easy distinction to be made in 
most cases. As with cancers of the biliary tree, very rare variants of ICC with colloid 
(mucinous), signet ring cell, adenosquamous, mucoepidermoid, or sarcomatoid 
patterns have been recognized by the World Health Organization (WHO) (Nakanuma et al, 



2450 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 38 - The Liver and Spleen 

2000). Combined HCC and ICC is rare and occurs in less than 1% of tumors (see Fig. 38-18) 
(Goodman et al, 1985; Maeda et al, 1995). We have seen a case of well-differentiated 
squamous cell carcinoma that arose from the intrahepatic bile duct and presented as a hilar 
mass in both the fine-needle aspirate and the subsequently resected specimen. 

Cytology 

Because ICC typically has a densely sclerotic stroma, the smears vary in cell content. The 
smear pattern is that of an adenocarcinoma with clusters of cuboidal or columnar cells 
forming acini or clusters of papillary configuration in a clear background (Fig. 38- 
16C,D). The cells are smaller than the malignant hepatocytes in HCC. In any given case, the 
tumor cells are relatively uniform, with large hyperchromatic or clear nuclei, and hence a high 
nucleotocytoplasmic (N/C) ratio. Although prominent nucleoli are seen in some cells, huge 
nucleoli are distinctly uncommon. 
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Figure 38-13 HCC with prominent intranuclear cytoplasmic inclusion. A Aspiration of 
a painful rib lesion. B. Corresponding biopsy showing compact solid pattern of hepatoma. 
Note the many intranuclear cytoplasmic inclusions and bile production. C. HCC with bile 
formation. This is uncommon in smears, and is usually seen in a pseudoglandular or acinar 
pattern of HCC. D. Pseudoglandular (tubular or acinar) pattern of HCC. Note the columnar 
cells forming glands with bile in the lumen. 
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Figure 38-14 Fibrolamellar HCC. A Clusters of large polygonal cells in intimate contact 
with elongated strands of connective tissue. B. Cell pleomorphism, pink granular 
cytoplasm, prominent nucleoli, pale body (at 12 o'clock), and small eosinophilic globule (at 
3 o'clock) are characteristic of the tumor. C. A 15-cm mass was resected from the 
noncirrhotic liver of a 30-year-old female. Lamellar fibrosis and many eosinophilic hyaline 
globules are evident. 
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Figure 38-15 Pleomorphic giant-cell variant of HCC. A The presence of many 
multinucleated giant cells is required for this subclassification. B. Note the osteoclast-like 
giant cell. C. Liver biopsy. Pleomorphic (giant cell) pattern. Compare with regenerating 
nodules in cirrhosis (Fig. 38-3C.D). 



De May (1999) reported that extremely well-differentiated cholangiocarcinomas may present as 
disorderly clusters of bile duct cells with no significant morphologic abnormalities, and may 
suggest a bile duct adenoma or a hamartoma of the bile ducts. However, adenomas are 
subcapsular and small, and usually are an incidental finding; therefore, they differ significantly 
from ICCs on imaging and clinical presentation. 



TABLE 38-2 MAJOR CYTOLOGIC FEATURES OF HCC AND THEIR HISTOLOGIC 

CORRELATION 



Cytology 



Histology 
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Tumor cells closely resemble benign hepatocytes with 
altered N/C ratio and prominent nucleoli 


Very well- 
differentiated HCC 


Clusters of malignant cells, surrounded by a layer of 
endothelial cells 


Trabecular 
(sinusoidal, plate-like) 
pattern 


Numerous dispersed “naked” nuclei, stripped of cytoplasm 
with very large irregularly shaped nucleoli 


Common in all 
hepatomas, 
conspicuous in clear 
cell pattern 


Cohesive groups with cuboidal/columnar cells mimicking 
adenocarcinoma 


Pseudoglandular 
(acinar) pattern 


Dispersed polygonal, pleomorphic large cells with dense 
pink (oncocytic) cytoplasm, some containing “pale bodies” 
and fragments of connective tissue 


Fibrolamellar pattern 


Pleomorphic multinucleated giant tumor cells 


Pleomorphic or giant- 
cell HCC 


Malignant hepatocytes and malignant glandular cells 


Combined cholangio- 
and hepatocellular 
carcinoma 





We have seen the FNA smears of a 72-year-old diabetic and hypertensive female with 
abdominal pain and liver mass. Abundant clusters of elongated bile duct epithelium, some 
forming small acini with no significant cytologic abnormality, supported the diagnosis of bile duct 
adenoma (Fig. 38-1 7A,B). A distinctly different minor population of malignant glandular cells 
was also seen (Fig. 38-1 7C). The patient was not a surgical candidate, and a core needle 
biopsy confirmed the diagnosis of cholangiocarcinoma adjacent to a bile duct adenoma (Fig. 

38-17D). 

The cytologic presentation of ICC is rarely unequivocally diagnostic of this tumor 
because of its similarity to the much more frequent metastatic adenocarcinomas, 

particularly in the presence of multiple tumor nodules. Although subtle differences in the 
cytologic presentation of certain metastatic cancers (such as of the colon or stomach; see 
below) may be obvious to very experienced observers, the diagnosis of ICC is a diagnosis of 
exclusion (i.e., the search for other primary tumors is negative). At present, no specific tumor 
marker is useful for distinguishing cholangiocarcinoma from other forms of 
adenocarcinoma. In contrast, immunohistochemical stains to distinguish 

R1408 

ICC from HCC may be helpful. Although most ICCs are positive for cytokeratin-7, cytokeratin-19, 
carcinoembryogenic antigen (Fig. 38-18D), CA19-9, epithelial membrane antigen, and the 
antibody MOC-31, only a small fraction of HCCs are positive for these markers, as shown in 
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Figure 38-16 Intrahepatic cholangiocarcinoma (ICC). A Gross appearance. The 
infiltrative tumor has a moist, light yellow appearance, and many satellite nodules. 
Sclerosis is apparent in the center. B. Tissue section of a typical ICC composed of large 
and small acini lined by uniform cuboidal cells. It is indistinguishable from an 
adenocarcinoma of the pancreas, gall bladder, or extrahepatic bile ducts. FNA smear of a 
cholangiocarcinoma. C. A cohesive group of relatively uniform glandular cells in acinar 
arrangement with a high N/C ratio. D. Loosely cohesive group of uniform flat glandular 
cells. (D: Diff-Quik.) 



However, the difference in treatment options and prognoses between metastatic 
adenocarcinoma and ICC is very important, particularly if the primary tumor is small and 
resectable. Acareful workup of the patient is required, as was recently shown by us in a case 
of primary, resectable gall bladder carcinoma, mimicking ICC or metastatic cancer, that 
infiltrated the adjacent liver parenchyma and formed a tumor 5 cm in diameter (Fig. 38-1 9A-D). 

Examples of the cytologic presentation of combined hepatocellular and 
cholangiocarcinoma in FNA are extremely rare. To establish this diagnosis, two distinct cell 
populations (one representing HCC and one representing ICC) must be present side by side. 
Kilpatrick et al (1993) reported two such cases in which the population representative of HCC 
stained positively for AFP. In a recent case involving resected combined liver tumors at our 
institution, a review of the smears revealed only the HCC component in striking acinar 
arrangements (see Fig. 38-1 8A-D). 

A flow chart (Table 38-4) may be helpful in sorting out diagnostic dilemmas; however, please 
bear in mind that no such chart can be all-inclusive. 

Hepatoblastoma 

Hepatoblastoma is the most common primary malignant tumor of the liver in children below the 
age of 5, although HCCs may also occur. It is twice as common in males as in females (for 
recent summaries see Stringer, 2000; Stocker, 2001). Most tumors are discovered by palpation, 
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usually by the child's mother and occasionally by the child, and confirmed by imaging studies. 

Grossly, the tumors measure 10-12 cm and have smooth or lobulated borders (Fig. 38-20A). 
Hepatoblastomas produce AFP, sometimes at a very high level. A radioisotope-labeled 
antibody to AFP can be used to stage the hepatoblastoma before treatment decisions are 
made. In most cases the treatment is chemotherapy, resection of the tumor, or liver 
transplantation (Kairemo et al, 2002). 
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Figure 38-17 Bile duct adenoma and ICC. A Clusters of cytologically benign bile duct 
epithelium in a clean background without hepatocytes. B. The cells are elongated and 
crowded, but retain polarity. C. Benign cells to be compared with clearly malignant cells of 
cholangiocarcinoma. D. Core biopsy: the cholangiocarcinoma (top) and bile duct adenoma 
are next to each other. 



TABLE 38-3 IMMUNOHISTOCHEMISTRY OF HCC VS. METASTATIC 

ADENOCARCINOMA 


Antigen 


HCC 


ICC/Metastatic 

Adenocarcinoma* 


Hepatocyte (Dako) 


Positive (most useful 
in diagnosis) 


Usually negative 


Polyclonal carcinoembryogenic 
antigen (pCEA) 


Positive (canalicular 
pattern) 


Positive (diffuse) 


Alpha-fetoprotein (AFP) 


Positive or negative 


Usually negative 


Alpha-1 -antitrypsin (a-1-AT) 


Positive or negative 


Usually negative 
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Cytokeratins 8 and 18 (CK 8 
and 18) 


Usually positive 


Usually negative 


Cytokeratins 7 and 19 (CK 7 
and 19) 


Usually negative 


Usually positive 


Epithelial membrane antigen 
(EMA) 


Negative 


Usually positive 


Ber EP4 


Negative 


Usually positive 


CA19-9 


Usually negative 


Usually positive 


Human epithelial related 
antigen (MOC-31) 


Negative 


Usually positive 



The immunohistochemical features of intrahepatic cholangiocarcinoma (ICC) and 
metastatic adenocarcinoma are similar. 
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Figure 38-18 Combined HCC and ICC. FNAof a solitary 6-cm mass in the liver of an 86- 
year-old male with no other known primary tumor. A Cohesive groups of cuboidal/columnar 
cells with pink granular cytoplasm and intranuclear cytoplasmic inclusions (INCI) is 
consistent with a diagnosis of HCC. B. A Pap-stained preparation shows a striking acinar 
arrangement of smaller cancer cells. C. Tissue section of a pseudoglandular (acinar) HCC. 
Note the presence of intranuclear cytoplasmic inclusion for carcinoembryonic antigen 
(CEA). D. Cholangiocarcinoma in the adjacent field. The tumor cells were focally positive 
CEA. 
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Histology 

In keeping with other “blastomas” of pulmonary or renal origin, the hepatoblastomas show a 
mixture of cell types. The epithelial components of the tumor may resemble small 
hepatocytes (fetal type) (Fig. 38-20D) or they may be spindly and not otherwise differentiated 
(embryonal type). The mesenchymal components may represent a variety of tissue types, 
ranging from loosely structured connective tissue to cartilage. Occasionally, the tumor contains 
an anaplastic component of small cancer cells, resembling other small blue cell tumors 
of childhood. The latter histologic pattern apparently confers a poor prognosis (Haas et al, 

2001). Extramedullary erythropoiesis is commonly observed within the tumor. As is often the 
case with neoplasms of childhood, hepatoblastomas may show specific chromosomal 
abnormalities. Gains in chromosome 2q and 20, and rearrangement of chromosome 1 have 
been reported (Ali et al, 2002). 

Cytology 

Aspiration cytology generally correlates with the subtype of the tumor within the sampled area. 

The fetal epithelial type (33%) is quite similar to well-differentiated HCC (Fig. 38-20B,C) 
except that the cells are dispersed, smaller than cells of HCC, and fairly uniform, with a higher 
N/C ratio. The embryonal type is composed of small, poorly differentiated, spindly malignant 
cells. Approximately 50% of hepatoblastomas are mixed epithelial and mesenchymal tumor cells 
arranged in three-dimensional clusters, loose sheets, cords, rosette-like structures, and 
occasionally pseudopapillae. Metaplastic elements (e.g., bone, cartilage, or muscle) may also 
be present in hepatoblastomas (Us-Krasovec et al, 1996). Extramedullary hematopoiesis is 
recognized by the presence of megakaryocytes (Bhatia and Mehotra, 1986; Dekmezian et al, 

1988). The principal points of a differential diagnosis of fetal-type hepatoblastoma include a 
bonafide HCC. The mixed types of this tumor must be differentiated from the very rare benign 
mesenchymal hamartoma of liver (al-Rikabi et al, 2000). 

The anaplastic type of hepatoblastoma is cytologically similar to other small blue cell tumors 
of childhood, such as neuroblastoma, embryonal rhabdomyosarcoma, Wilms' tumor, or Ewing's 
sarcoma, which may be metastatic to the liver (Perez, 1994). Clinical and imaging data will 
usually solve the problem of differential diagnosis. 
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Figure 38-19 Mucinous adenocarcinoma of the gallbladder. A Smear of malignant 
glandular cells in a three-dimensional cluster. B. Mucinous adenocarcinoma cells with 
prominent nucleoli. The tumor initially was thought to be metastatic to the liver. C. Core 
needle biopsy of the same tumor was also consistent with metastatic adenocarcinoma. D. 
Resected segment of the liver shows a gall bladder carcinoma directly infiltrating the liver 
(see text). 



VERY RARE PRIMARY TUMORS 
Primary Carcinoids 

As a rule, carcinoids and other morphologically similar endocrine tumors in the liver are 
metastatic from the intestinal tract or the pancreas, and sometimes from other primary sites. 
However, in rare cases, no other primary tumor can be found and it must be assumed that the 
tumor is primary in the liver. Iwao et al (2001) reviewed 53 such cases. Such tumors may be 
hormonally active (Furrer et al, 2001), and some may be cystic (Dent and Feldman, 1984; 
Thompson et al, 1984). 

Primary liver carcinoids are morphologically identical to primary carcinoids in the lung 

(see Chap. 20) or the intestine (see Chap. 24), and are composed of anastomosing strands 
of small cells that occasionally form rosettes. The endocrine nature of such tumors can be 
documented by electron microscopy or any number of special stains (see Chap. 45). 
Exceptionally, liver carcinoid may be associated with adenocarcinoma (Hidaka et al, 2000). 

The cytologic presentation of these tumors is also characteristic: small epithelial cells of 
similar sizes form solid or glandular aggregates, or occur singly. The cells have scanty but 
well-preserved cytoplasm and finely granular “salt and pepper” nuclei that are often located 
at the periphery of the small cells, giving them a plasmacytoid configuration. The nucleoli 
are usually very small. Through the courtesy of Dr. Jennifer Alexander in Kingston, Jamaica, we 
have seen a case of cystic primary carcinoid of liver in a 55-year-old man with a tumor that 
grew slowly over a period of 4 years. The aspirate, which was diagnostic of the tumor, was 
obtained from the wall of the cyst after several unsuccessful attempts were made to establish 
the diagnosis from the fluid content of the cyst (Fig. 38-21 A, B). Gupta et al (2000) observed 
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primary liver carcinoids in three of 10 patients (the remaining seven patients had other primary 
tumor sites). Carcinoids of the liver are amenable to aggressive treatment, with excellent 
results. 

Primary Sarcomas 
Angiosarcoma 

Clinical and Epidemiologic Data 

Angiosarcoma is the most common primary sarcoma of the liver. It occurs predominantly in 
patients past the age of 60 (and hence in the same age group as for HCC). Although most 
hepatic angiosarcomas are idiopathic, approximately one quarter are strongly associated with 
exposure to toxic 
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agents, particularly polyvinyl chloride, Thorotrast, and inorganic arsenic (Falk et al, 1981). 
Rosenthal et al (2000) added cyclophosphamide to the agents linked with hepatic 
angiosarcoma. Manifestations of thrombocytopenia and disseminated intravascular 
coagulation are common in angiosarcomas. Angiography showing multiple vascular lesions in 
the liver may be diagnostic of this tumor, and is therefore superior to other imaging modes. 



TABLE 38-4 ALGORITHMIC FLOW CHART FOR SPACE-OCCUPYING LESIONS OF 

LIVER 


Cytomorphology 


Possible Diagnosis 


Normal hepatocytes 


Normal liver (lesion missed on sampling). 


Scanty bile duct epithelium 


FNH 


Scanty fibrous stroma 


Cirrhotic nodule 


Normal appearing hepatocytes 


Well-differentiated HCC 


Strings of endothelium 
No bile duct epithelium 


Liver cell adenoma (need radiologic and 
clinical correlation) 


Cells in clusters or trabeculae with 
smooth edges surrounded by endothelial 
cells 


Classic HCC 


Single cells with high N/C ratio 




Polygonal cells similar to hepatocytes 


Less differentiated HCC 


High N/C ratio with central nuclei 
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Many stripped nuclei with huge nucleoli 



Adenocarcinoma 

95% are metastatic adenocarcinoma 

Look for clues 3 (make a brilliant 
diagnosis) 


Consider ICC 


Small-cell malignant tumor* 3 (Age of 
patient is of diagnostic importance) 


Pediatric blastomas 




Small-cell carcinoma of lung 




Pancreatic endocrine tumors 




Lymphoma, metastatic small-cell tumor of 
childhood, particularly neuroblastoma 


Acellular smears (blood only) 
Look for fragments of stroma 


Hemangioma/angiosarcoma 


Fluid/mucin/glandular cells 


Cystadenoma 




Ciliated foregut cyst 


Histiocytes/bile duct epithelium 


Cysts 


Polymorphonuclear leukocytes (PMN) 


Abscess 


Note: Consult text for cytologic criteria. 

3 See Tables 38-5 and 38-7. 

Almostalways metastatic. See Table 38-6. 





Histology 

Well-differentiated angiosarcoma forms bizarre vascular channels of various sizes, lined by 
plump endothelial cells with variable degrees of atypia. In some cases, such endothelial 
cells line preexisting liver sinusoids with intact liver cell cords and may be very difficult to 
diagnose in a core biopsy. High-grade angiosarcoma appears as a fully malignant spindle cell 
tumor with rudimentary vascular channels. Factor VIII staining will usually confirm the 
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vascular nature of these tumors. 

Cytology 

Because of the risk of exsanguinating hemorrhage, an aspirate is performed only in cases in 
which the diagnosis is not suspected. The number of patients whose tumors have been 
aspirated is vanishingly small and the descriptions of the cytologic findings vary (Soslow et al, 

1997; Liu and Layfield, 1999; Boucher etal, 2000; Nguyen and Husain, 2000). DeMay (1999) 
described a malignant spindle cell tumor with pleomorphic single cells and whorls of cells 
in a very bloody, sometimes necrotic background. This is certainly a 
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fortuitous and exceptional presentation of this neoplasm. Suslow et al (1997) described 
“epithelioid cells with intracytoplasmic lumens” in a case diagnosed as 
hemangioendothelioma. Metastatic spindle cell tumors (most often leiomyosarcomas, 
but also hemangiomas and fibrolamellar carcinomas) are the common points of differential 
diagnosis (Guy et al, 2001). One of the principal difficulties with the aspirates is the abundance 
of blood and the scarcity of tumor cells. In our modest experience, the FNA smears contain a 
small number of spindly cells of questionable diagnostic value. Unless the clinical and imaging 
data support the diagnosis of angiosarcoma, the cytologic opinion should be worded with 
caution. See also Chapter 35. 



t. *« 

»*y* 

* • 





B 



D 




Figure 38-20 Hepatoblastoma in a 4-year-old girl. A The central scar is not 
characteristic. B,C. Aspiration smear with an epithelial component quite similar to 
moderately differentiated HCC in adults. D. Tissue pattern corresponding to B and C. 



MALIGNANT LYMPHOMA 

The liver is commonly involved by metastatic malignant lymphomas and Hodgkin's disease, but 
very rarely is it the site of a primary lymphoma (usually of the large B-cell type). The cytologic 
diagnosis requires an extensive diagnostic workup. Atouch preparation of a core biopsy or a 
cytologic preparation of residual material from the needle may enhance the diagnosis, as was 
reported many years ago (Sherlock et al, 1967). 
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METASTATIC TUMORS TO THE LIVER 

In Europe and North America, the ratio of metastases to primary hepatic tumors is 40:1 (Berge 
and Lundberg, 1977; Pickren et al, 1982). With the recent increase of primary hepatomas in 
large medical centers that offer partial hepatectomies and liver transplantation, the ratio of 
metastatic carcinoma to primary HCC is 3:1 (Hertz et al, 2000). As stated previously, a 
malignant tumor observed in an otherwise normal liver is metastatic until proven otherwise 
(Melato, 1989; Nzeako, 1996). 

Origin of Metastases 

Most metastatic neoplasms to the liver are carcinomas, most of which are adenocarcinomas of 
various origins. Other types of metastases (e.g., lymphomas and sarcomas) are much less 
common. The lung, colon, pancreas, breast, and stomach are the most common primary sites of 
hepatic metastases, but malignant tumors from almost any site can at times metastasize to the 
liver (Craig et al, 1989) (Table 38-5). 

Elevated levels of serum alkaline phosphatase, and multiple nodules on imaging of the 
liver are the characteristic findings. However, single metastases may also occur, particularly 
with colorectal carcinoma, carcinoid tumors, and renal cell carcinomas (Pickren et al, 1982). In 
most 
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cases, the purpose of FNA is to confirm the diagnosis of metastases from a known primary 
site. Surprisingly, in a significant number of such procedures, FNAs have been performed 
following a request to “rule out malignancy,” with no comment regarding a known primary, even 
though with further scrutiny of the patient's chart and database, a source of the tumor should 
have been discovered. A review of prior histologic or cytologic material, if available, is very 
helpful to confirm the identity of the tumor. 




Figure 38-21 Carcinoid tumors in liver. A,B. Cystic primary carcinoid of liver. A Uniform 
small cells with scanty eosinophilic cytoplasm, forming small gland-like structures. B. Tumor 
cells anchored around a capillary. Benign hepatocytes at the left lower corner (cell block of 
FNA). C,D. Metastatic carcinoid with occult ileal primary. The smear shows uniform well- 
preserved small cells in a cohesive group without nuclear molding or single-cell necrosis, 



2463 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



38 - The Liver and Spleen 



which distinguishes the carcinoid from metastatic small-cell carcinomas. D. Histology. A 
submucosal carcinoid was found in the small intestine (ileum). 



TABLE 38-5 SITES OF ORIGIN OF HEPATIC METASTASES IN 1,151 AUTOPSIED 

PATIENTS 

Site Percentage of Patients 



Lung 


24.8 


Colon 


15.7 


Pancreas 


10.9 


Breast 


10.1 


Stomach 


6.1 


Unknown 


5.1 


Ovary 


4.1 


Prostate 


3.6 


Gallbladder 


3.3 


Cervix 


3.0 


Kidney 


3.0 


Melanoma 


2.2 


Miscellaneous origin 


8.1 



(Data from Craig et al. Tumors of the Liver and Intrahepatic Bile Ducts. Washington, 
DC, AFIP, 1989.) 



However, in a substantial proportion of patients (which varies from 10% to 40%, depending on 
the institution), the liver lesion may be the first manifestation of disease, and FNAis used 
not only to diagnose cancer but also to attempt to recognize the site of origin. Careful 
examination of the aspirate may often limit the search for the correct primary site to a few 
organs. Although in general the prognosis of patients with metastatic cancer to the liver is 
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dismal, there are exceptions to this rule, notably in cases of malignant lymphoma, small- 
cell tumors of childhood, and endocrine tumors, such as carcinoids (see below). Brilliant 
and life-saving diagnoses can often be made based on smear background and careful analysis 
of the morphology of the cells, even without the benefit of special stains. Additional smears 



or cell blocks of aspirated material are very helpful if special stains and immunostains are 
required to support the identity of the hitherto unknown primary tumor. 

The simplest analysis of evidence is based on cell size, shape, cytoplasmic and nuclear 
characteristics, and the presence or absence of prominent nucleoli. The smear is then 
categorized as one of several types of tumors, as listed below. These categories can then be 
analyzed in the light of the patient's age and sex, clinical history, laboratory findings, and 
more refined cytomorphologic criteria. A series of flow charts should facilitate further 
analysis of the various categories (Tables 38-6, 38-7, 38-8 and 38-9). The following broad 
categories may be recognized: 

■ Small-cell tumors 

Differentiated (with specific features) 

Undifferentiated (with no specific features) 

■ Large-cell tumor 

Most likely of epithelial origin 
Carcinoma with glandular features 
Carcinoma with squamous features 
Carcinoma with unique recognizable features 
Not likely to be of epithelial origin 
With or without recognizable features 

■ Spindle cell tumor 

■ Tumors with unusual or bizarre features 

TABLE 38-6 DIFFERENTIATED AND UNDIFFERENTIATED SMALL-CELL TUMORS IN LIVER 
Cytologic Features Age Helpful Diagnosis/Primary Site 
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Ancillary 

Studies 



Cohesive clusters 
of small cells 



Nuclear 
molding, cell 
necrosis 



Older Cytokeratin 

patients (positive) 



Small-cell (oat cell) carcinoma 



Small cells 



Infants and Neuroendocrine Neuroblastoma 
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forming 

rosettes 

background 

neuropil (pink 

fibrillar 

material) 


children 


markers 

(positive) 




Mixture of 

undifferentiated 

small 

(blastemic) 
cells and 
columnar cells 
forming tubules 


Children 


Vimentin- and 
keratin-positive 


Wilms' tumor (nephroblastoma) 


Monotonous, 
small round 
cells 

micronucleoli, 
no cell molding 


Adolescents 
and young 
adults 


CD99 and 
vimentin 
(positive) PAS- 
positive in 
cytoplasm 


Ewing's sarcoma 


Irregular small 
spindly cells, 
and rarely 
strap cells 


Infants and 
children 


Vimentin, 
desmin and 
myoglobin 
positive 


Embryonal 

rhabdomyosarcoma/retroperitoneal, 
genitourinary, head and neck 


Isolated or 
noncohesive small 
cells, nuclear 
abnormalities 


Any age 


Lymphocyte 
common 
antigen (LCA) 
positive 


Lymphoma 


Very uniform round 
or oval-shaped 
small cells, singly 
or in clusters, salt 
and pepper nuclei 


Adults 


Neuroendocrine 

markers 

(positive) 


Carcinoid tumors 

Usually metastatic; rarely primary in 
liver 



Small-Cell Tumors 

A flow chart for the diagnostic analysis of small-cell tumors is shown in Table 38-6. The 
differential diagnoses should also be considered in the light of the clinical presentation and the 
known natural history of the tumor. For example, the two most common undifferentiated 
small-cell tumors in the pediatric age group are neuroblastomas and Wilms' tumors. 
Neuroblastomas commonly metastasize to bone and relatively rarely to liver, whereas Wilms' 
tumors often metastasize to liver and rarely to bone. Finally, immunocytochemical stains 
may secure a specific diagnosis. 
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Of special practical interest is the diagnosis of a metastatic endocrine tumor, such as a 
carcinoid, in the absence of a known primary site. The cytologic presentation of this tumor 
is discussed above. If necessary, a positive stain for endocrine markers, such as chromogranin, 
will help in establishing the diagnosis. In a few such cases, an occult primary tumor could be 
localized in the small intestine (see Fig. 38-21 C,D). Because aggressive treatment of carcinoids 
may successfully extend good quality of life for several years, the correct identification of such 
metastatic tumors is of great clinical value. 

Large-Cell Tumors 

Similar flow charts have been devised for glandular, squamous, and spindle cell tumors (see 
Tables 38-7, 38-8 and 38-9). 
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These flow charts should guide the thought process of all cytopathologists, and are an effective 
tool for establishing specific cytopathologic diagnoses of malignant and benign tumors. 



TABLE 38-7 LARGE-CELL METASTATIC EPITHELIAL TUMORS WITH GLANDULAR 

FEATURES 



Cytologic Features 


Age/History 


Helpful Ancillary 
Studies 


Diagnosis/Primary 

Site 


Linear strips of 
columnar cells with 
elongated nuclei and 
ruby-red nucleoli in a 
necrotic background 


Elderly/colon 

cancer 


Colonoscopy in 
the absence of 
prior history 


Colonic 

adenocarcinoma 


Generally uniform 
polygonal cells with 
high N/C ratio in 
groups, chains or 
single files, 
sometimes with 
cytoplasmic inclusion 
of mucin 


Adult 

female/breast 

cancer 


Estrogen receptor 
(ER)/progesterone 
receptor (PR) 
positive 


Breast carcinoma, 
ductal type 


Pleomorphic 
glandular clusters 
and single cells, 
prominent nucleoli, 
transparent 
cytoplasm and large 
mucin vacuoles in 
some cells 


Adult 

smoker/lesion 
in the lung or 
hilum 


Thyroid 
transcription 
factor- 1 (TTF-1) 
positive 


Lung cancer, 
adenocarcinoma or 
large-cell 
carcinoma 


Signet ring cells and 


Adult male or 


None unique 


Gastric carcinoma, 
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or syncytial clusters 


female/upper 




often of linitis 


of mucin producing 
tumor cells 


Gl symptoms 




plastica type 


Syncytial clusters, 


Elderly/single 


None dependable 


Consider 


uniform nuclei, 


mass in 




gallbladder 


abundant mucinous 


gallbladder 




carcinoma rarely 


cytoplasm 


bed 




intrahepatic 

cholangiocarcinoma 

(ICC) 




Elderly/multiple 

nodules 


None dependable 


Well-differentiated 

pancreatic 

carcinoma 


Uniform polygonal to 


Usually 


HMB-45 


Malignant 


pleomorphic single 


adult/history of 


melanosome S- 


melanoma 


cells with prominent 
nucleoli, intranuclear 
cytoplasmic 
inclusions, thick 
cytoplasm, 
sometimes with 
pigment 


melanoma 


100 protein 
positive 




Single and loosely 


Adult with 


Negative alpha- 


Metastatic gastric, 


cohesive round or 


multiple 


fetoprotein (AFP) 


ovarian, or breast 


ovoid uniform cells, 


lesions/history 


and Hepar 


cancer mimicking 


pink granular 


of stomach, 


(hepatocyte) 


hepatocellular 


cytoplasm and 


ovary, or 


immunostains 


carcinoma (HCC) 


prominent nucleoli 

(hepatocytoid 

adenocarcinoma) 


breast cancer 


negative 





The table is simplified for the sake of brevity. Most metastatic tumors of other origins to 
the liver are adenocarcinoma or have a glandular appearance. 



Some metastatic carcinomas can be recognized in smears because of the morphologic features 
of cancer cells. 

Colon Cancer 

In most instances, patients with metastatic colon cancer have a history of treated disease, and 
the liver aspirate is performed to confirm the identity of the tumor. Metastatic colonic carcinoma, 
a frequent source of liver metastases, can be recognized in FNA smears in many cases 
because of tall columnar cancer cells that are often arranged in linear strips (Fig. 38- 
22A). The smears have a necrotic background, which is best seen in direct smear 
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preparations. Quite often, the material secured from the liver by the radiologist spreads like 
peanut butter on the slides. However, we have seen exceptions to this rule. In a case of 
occult colonic carcinoma with obstructive jaundice, the cancer cells contained bile and were 
mistaken for a primary HCC (Fig. 38-22B.C). 

Breast Cancer 

In most instances, the primary site of the tumor is known and the liver is aspirated to verify the 
tumor type involved. Metastatic ductal adenocarcinomas rarely show specific cytologic features, 
and are usually reported as “adenocarcinoma consistent with breast origin.” Large ductal 
carcinoma cells may have eosinophilic cytoplasm, and may mimic HCC. Sometimes the cancer 
cells form chains or “single files” that are more often seen in lobular cancers than in other 
metastatic tumors. In some instances, however (mainly in lobular, but sometimes also in 
ductal cancers), small cancer cells with cytoplasmic inclusions of mucin (target or 
magenta cells) may be observed. These cells are characteristic of mammary carcinoma, 
and allow a definitive cytologic diagnosis to be made. For further description of these cells, see 
Chapters 26 and 29. In breast cancer, the primary tumor is often available for review and 
comparison with the cytologic pattern. 
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TABLE 38-8 LARGE-CELL METASTATIC EPITHELIAL TUMORS WITH SQUAMOID 

FEATURES 



Cytologic Features 


Age/History 


Helpful 

Ancillary 

Studies 


Diagnosis/Primary 

Site 


Highly keratinizing and 
pleomorphic flat tumor 
cells with necrosis and 
inflammation 


Elderly smoker, 
drinker, often 
male/lung, larynx, 
oral, or esophageal 
cancer 


Unnecessary 


Metastatic lung, 
esophagus, or 
head and neck 
tumors, rarely bile 
duct carcinoma 


Combination of single, 
pleomorphic, 
keratinized and 
undifferentiated 
clusters of uniform 
cells with rigid 
cytoplasm and 
prominent nucleoli 


Elderly smoker/lung 
or esophageal 
lesion 


Unnecessary 


Metastatic 
squamous cell 
carcinoma: lung, 
esophagus, or 
bladder 


Usually 

nonkeratinizing 
uniform groups with 
jagged outline and 
single squamous 


Adult or elderly 
female/carcinoma of 
lower genital tract 
(cervix, vagina, or 
vulva) or history of 


Unnecessary 


Metastatic 
epidermoid 
carcinoma of 
gynecologic or 
urothelial origin 
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cancer cells bladder tumor 



Rare sources of metastatic squamous cell carcinoma are the anus and penis. 



TABLE 38-9 METASTATIC TUMORS WITH SPINDLE CELL FEATURES 



Cytologic Features 


Age/History 


Helpful 

Ancillary 

Studies 


Diagnosis/Primary 

Site 


Spindle-shaped cells 


Adult/submucosal 


C-kit positive 


Gastrointestinal 


isolated and in 


gastrointestinal 




stromal tumor 


fascicles with cigar 
shaped nuclei 


tumor 


Actin and 

myosin 

positive 


(GIST) 

Leiomyosarcoma 


Polygonal uniform 
small to medium sized 
cells with prominent 
nucleoli 


Adult/submucosal 

gastrointestinal 

tumor 


C-kit positive 


Epithelioid GIST 


Loose aggregates or 


Adult/synchronous 


Keratin 


spindle cell 


syncytial tissue 


or prior known 


positive, 


(metaplastic) 


fragments and single 


carcinoma of lung, 


Hepar 


carcinoma of 


epithelial type 
elongated pleomorphic 
cells 


breast, etc. 


negative 


kidney, lung, 
breast, and rarely 
other organs 


Ovoid to elongated 


Adult/atypical 


Chromogranin 


Carcinoid tumor of 


bare nuclei with salt 


carcinoid 


and other 


lung, pancreas, 


and pepper chromatin 




endocrine 

markers 

positive 


etc. 


Pleomorphic single 


Elderly/multiple 


Positive 


Primary 


cells and whorls of 


vascular lesions 


endothelial 


angiosarcoma of 


cells in a very bloody 


on angiography 


markers 


liver 



and necrotic 
background 



Rare sources of metastatic spindle cell tumors (e.g., thymoma (CK+, background 
lymphocytes), malignant peripheral nerve sheath tumor (S-100+), and other soft-tissue 
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Figure 38-22 Metastatic colonic adenocarcinoma to liver. A Note a strip of columnar 
cancer cells against a background of necrosis, characteristic of this tumor. B. Occult 
colonic cancer. Cancer cells containing bile, initially diagnosed as HCC. C. Biopsy of occult 
colonic carcinoma, corresponding to B. 



Lung and Urothelial Cancers 

With the exception of small-cell (oat cell) carcinoma, metastatic bronchogenic carcinomas 
cannot be specifically recognized in smears from liver metastases. However, if the aspirate 
reveals an epidermoid carcinoma, lung (and urothelial) carcinomas are prime suspects. The 
diagnosis is usually established with knowledge of the primary tumor. 

Metastatic Neuroendocrine Tumors 

Metastatic carcinoids of the lung, pancreas, and small bowel constitute a relatively common 
group. The tumor cells in aspirate smears are very uniform, dispersed, or loosely cohesive, and 
have characteristic stippled (salt and pepper) chromatin. Chromogranin and other endocrine 
stains will clinch the diagnosis. However, the intestinal primary tumors may be difficult to find. 
Other immunostains for pancreatic polypeptides may be reactive. These are indolent tumors, 
and the patients can be expected to have prolonged survival, even after metastases are 
reported. Figure 38-1 5A,B illustrate a very rare primary carcinoid tumor of the liver. 

Metastatic Melanoma 

Most metastatic melanomas to the liver are of skin or ocular origin. As a reminder, ocular 
melanomas may take 20 or more years to form hepatic metastases, resulting in the “glass eye 
and protuberant abdomen” syndrome (see Chap. 41). In most instances of metastatic 
melanoma, melanin pigment is present in cancer cells, allowing for a rapid recognition of the 



2471 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 38 - The Liver and Spleen 

tumor (Fig. 38-23A). Other features of these tumor cells are discussed in Chapter 26. Still, it 
has been said that melanoma can mimic any tumor. Figure 38-23B illustrates a case of 
metastatic melanoma with nuclear grooves and small intranuclear cytoplasmic inclusions, 
mimicking metastatic thyroid carcinoma. 

CLINICAL VALUE OF ASPIRATION BIOPSIES OF THE LIVER 

It is usually unnecessary or even unethical to subject patients to the risk of morbidity or 
mortality from an open liver biopsy without first attempting to perform a harmless percutaneous 
aspiration biopsy to establish the diagnosis of suspected malignant diseases. A US- or CT- 
guided percutaneous biopsy with a 22-gauge needle usually provides sufficient tissue for 
diagnosis, with a minimum risk of bleeding or seeding of tumor cells along the needle tract. In 
cirrhotic patients with portal hypertension and an increased risk of intraabdominal bleeding, the 
tissue can be obtained in an angiography suit by a transjugular approach (transjugular liver 
biopsy). 

As mentioned above, most (but not all) malignant tumors in the liver, whether primary or 
metastatic, have a poor 

P.1419 

prognosis. Although small HCCs are amenable to surgical resection or liver transplantation in 
symptomatic HCC patients, the 5-year survival rate is less than 5%. However, when curative 
resection is feasible, the 5-year survival rate may be as high as 40% (Stangle et al, 1994). 




Figure 38-23 Metastatic melanoma in liver. A Characteristic appearance of metastatic 
ocular malignant melanoma showing pleomorphic cells and abundant melanin pigment. B. 
Unusual appearance of metastatic melanoma with nuclear grooves and small intranuclear 
cytoplasmic inclusions, mimicking thyroid carcinoma. Scanty intracytoplasmic melanin 
pigment is present. The patient was a 45-year-old female with a remote history of excision 
of a skin lesion. ( A : H&E; B: Pap stain.) 



Nonsurgical treatment methods include percutaneous ethanol or acetic acid injections and 
percutaneous radiofrequency thermal ablation. HCCs are largely resistant to radioand 
chemotherapy. 

Effective treatments for secondary tumors of the liver are largely unavailable, although new 
drugs developed to treat metastatic cancers offer some promise. In most cases, disseminated 
disease is present, which precludes surgical intervention. The exceptions are malignant 
lymphomas and some small-cell tumors of childhood that can be effectively treated with 
chemotherapy. 
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The purpose of this chapter is to emphasize that FNA results must be interpreted in the light of 
clinical information, laboratory values, and sometimes ancillary studies. This approach will lead 
to accurate diagnoses and subclassifications for the vast majority of space-occupying lesions of 
the liver. 

THE SPLEEN 

INDICATIONS AND METHODS 

The purposes of FNA of the spleen are to clarify the causes of spleen enlargement 
(splenomegaly) or to determine the nature of nodular, space-occupying lesions. 

Some years ago, aspiration of the spleen was a common procedure, particularly in Europe. 

Moeschlin (1951), a Swiss hematologist, wrote a book about it. In Sweden, Soderstrom (1979) 
performed more than 1 ,000 splenic FNAs without radiologic guidance, and described many 
disease states that could be identified in smears. In the United States, a few large series of 
splenic aspirates were performed in the 1950s, primarily to assess patients with hematologic 
disorders or storage diseases (Block and Jacobson, 1950; Morrison et al, 1951). At the time of 
this writing (2004), FNA cytology of the spleen is still used extensively throughout the world, but 
is relatively rarely used in the United States. The limited interest in spleen sampling may result 
from the extensive use of other diagnostic procedures to clarify the cause of splenomegaly, and 
the relatively high frequency of splenectomies performed for diagnostic and therapeutic 
purposes (Kraus et al, 2001). The fear of hemorrhage caused by a tear in the splenic capsule 
that may require an emergency splenectomy may also be a factor (Silverman, 1993; Zeppa et 
al, 1994). Another complication is pneumothorax (Caraway and Fanning, 1997). Linsk and 
Franzen (1989) advised against causing splenic puncture in polycythemia and 
thrombocytopenia. 

Nonetheless, evidence shows that when FNA of the spleen is appropriately performed and 
interpreted, it is a valuable diagnostic procedure (Linsk and Franzen, 1989; Zeppa et al, 

1994; Caraway and Fanning, 1997). There are relatively few disorders that are unique to the 
spleen. Therefore, the purpose of this summary is to briefly describe the most important targets 
of splenic aspirates. 

Most enlarged spleens are palpable, and therefore direct aspiration of this organ rarely requires 
radiologic imaging (Soderstrom, 1979). However, most users of the FNA technique today are 
guided by ultrasound (US) or, rarely, by computed tomography (CT). These imaging techniques 
are particularly useful for targeting nodular lesions. Civardi et al (2001 ) advocated the use of 
FNA and tissue core biopsies for diagnosis. 

ANATOMY AND HISTOLOGY 

The spleen is a bean-shaped lymphoid organ that, in a normal adult, measures 
approximately 12 x 7 x 3 cm and weighs approximately 150 g. The convex surface of the 
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spleen abuts on the left hemidiaphragm and abdominal wall. Its concave surface or hilus is the 
portal of entry and exit of the splenic vessels and nerves, and is adjacent to the gastric cardia, 
the tail of the pancreas, and the upper pole of the left kidney. The spleen is covered by a thin 
but dense connective tissue capsule surfaced by peritoneum. Finger-like connective tissue 
trabeculae extend from the capsule into the interior of the spleen. Single or, rarely, multiple 
small accessory spleens are present in about 10% of people. Following a traumatic injury, 
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dislodged splenic tissue may grow as implants (splenosis) on peritoneal or pleural 
surfaces. The FNA cytology of pleural splenosis was described by Renne et al (1999). 




Figure 38-24 Normal spleen. A Histology. The arterioles are surrounded by lymphatic 
follicles forming the white pulp. In the intervening tissue, there are sinusoids containing 
erythrocytes, small lymphocytes, and macrophages forming the red pulp. B. Cytology. 
Large clusters of lymphoid cells centering around capillary vessels are derived from white 
pulp. C. Loose aggregates of lymphocytes and macrophages are from the red pulp. 



The spleen is composed of white and red pulp. The lymphatic nodules, which are distributed 
throughout the parenchyma, are derived from the white pulp. In young individuals, the nodules 
contain germinal centers, which are rich in B-lymphocytes and traversed by a central arteriole 
(Fig. 38-24A). In older people, the germinal centers are less obvious. Loss of the white pulp 
may be significant in patients with acquired immunodeficiency syndrome (AIDS) (Diazet al, 
2002 ). 

Surrounding the lymphatic nodules is the red pulp, a diffuse meshwork containing venous 
sinuses (sinusoids) that carry a large volume of erythrocytes. Small lymphocytes 
arranged in thin plates (splenic cords), and macrophages with extraordinary phagocytic 
capability form parts of the red pulp. The principal function of the spleen is to filter out foreign 
or useless matter, such as aging or damaged red blood cells, from the bloodstream. The spleen 
also participates in the immune response to all blood-borne antigens. The spleen is believed 
to be capable of destroying circulating cancer cells in immunocompetent people, which 
may explain why the spleen is so rarely the site of metastatic cancers. 

CYTOLOGY OF NORMAL SPLEEN 

Although a normal spleen is never deliberately aspirated, normal components of the spleen are 
obtained with aspirates of nodular lesions. In principle, the cytology of normal spleen is similar 
to that of lymph nodes. However, the lymphoid tissue, which is derived from the white pulp 
of the spleen, may appear in large agglomerates of cells centered around branching 
capillary vessels (Fig. 38-24B,C). Zeppa et al (1994) stressed that splenic lymphoid cells may 
form large, multilayered “terminal aggregates” that are attached to one end of the capillary 
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network. The red pulp is represented by lymphocytes and histiocytes. 

CAUSES OF SPLENOMEGALY 

Abroad variety of diseases may cause splenomegaly, as listed below: 

■ Infections, including bacterial, viral, protozoal, and parasitic diseases 
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■ Congestive splenomegaly, secondary to portal hypertension, which is most common in 
cirrhosis of the liver, and occasionally occurs in splenic vein thrombosis 

■ Lymphohematogenous disorders, such as extramedullary hematopoiesis, lymphomas, 
hairy cell leukemia, and other forms of leukemia 

■ Immunologic-inflammatory disorders, such as rheumatoid arthritis and systemic lupus 
erythematosus 

■ Metabolic disorders, such as glycogen storage disease, Gaucher's disease, Niemann- 
Pick's disease, and mucopolysaccharidoses 

■ Miscellaneous causes, such as cysts, hamartomas, amyloidosis, primary vascular 
neoplasms, and metastatic tumors 

Although splenic infarction is quite common, it is usually not associated with splenomegaly. 

TARGETS OF ASPIRATION BIOPSY OF THE SPLEEN 
Infectious Disorders 
Bacterial Infections 

The spleen may be enlarged in almost any serious acute bacterial infection with the formation 
of a so-called acute splenic tumor. Such spleens do not require any additional diagnostic 
workup, and the splenic tumor usually recedes after the underlying infection is treated. Rarely, 
splenic abscess requiring treatment may develop as a consequence of peritonitis. Tikkakoshi 
et al (1992) described the diagnosis of an abscess by FNAand its subsequent treatment. 

Dominis et al (1998) described the cytology of an inflammatory pseudotumor. 

In the developing world, spleen aspirations have a much wider scope. In a study in India, 

Rajwanshi et al (1999) examined the application of splenic FNAto clarify the causes of 
pyrexia of unknown origin. In about one third of the patients in that study, the splenic 
aspirate disclosed the presence of tuberculosis. Suri et al (1998) also reported the utility of 
FNAin diagnosing tuberculosis of various organs, including the spleen. For a description of the 
cytology of FNA aspirates in tuberculosis, see Chapters 19, 29, and 31. 

Fungal Infections 

Several descriptions of fungal infections that affect the spleen and can be diagnosed by FNA 
have been reported, including histoplasmosis (Kumar et al, 2000), blastomycosis (Montes et 
al, 1998), aspergillosis and candidiasis (Silverman et al, 1993), and cryptoccoccosis 
(Mandreker et al, 1998). These organisms are described in detail in Chapter 19. 

Parasitic Disorders 

Visceral leishmaniasis (from Hindi, kaia-azar = black sickness, so named because of 
darkening of the skin), which is caused by the parasite Leishmania donovani and is 
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transmitted by sandfly bites, frequently affects the lymph nodes, liver, and spleen. The disease 
is associated with anemia, leukopenia, and thrombocytopenia, and its diagnosis is based on 
demonstration of the tiny parasite in macrophages. The aspirates of the bone marrow are 
usually effective in establishing the diagnosis, but in some instances the splenic aspirate is 
more effective (Sharan and Sinha, 1990; Haque et al, 1993; Mukherjee et al, 1995; Rajwanshi 
et al, 1999). We have no first-hand experience with these organisms. 

Benign Conditions and Tumors 
Sarcoidosis 

Selroos and Koivumen (1983) and Taavitsainen et al (1987) diagnosed sarcoidosis by splenic 
FNA. For a description of the cytology of FNA aspirates in sarcoidosis, see Chapters 19, 31, 
and 32. 

Cysts 

Cysts of the spleen are uncommon. Most are pseudocysts that occur after local destruction of 
the splenic parenchyma. Epidermoid cysts, lined by squamous epithelium, may occur 
under the spleen capsule and can be aspirated. Two such cases were reported by Nerlich and 
Permanetter (1991). Predictably, squamous cells with pyknotic nuclei were observed in smears. 

Hamartomas 

Hamartomas (also known as splenomas) are circumscribed lesions of the spleen. They are 
composed of slit-like vascular spaces lined by prominent endothelial cells, and usually 
contain foci of extramedullary hematopoiesis (Falk and Stutte, 1980; Morgenstern et al, 1985). 

Kumar (1995) described the histologic and cytologic findings in four such tumors that occurred 
in patients with anemia and pancytopenia. On abdominal sonography, a diagnosis of malignant 
lymphoma was suggested. On aspiration biopsy, Kumar observed large cells that were 
interpreted as epithelial with abundant cytoplasm, and large, hyperchromatic nuclei, 
some of which contained large nucleoli. The cells were arranged in clusters, some of 
which had a papillary configuration, and were diagnosed as metastatic carcinomas. In 
retrospect, the cells were of endothelial origin and were benign. Thus, splenic hamartoma 
is an important source of diagnostic error. 

Amyloidosis and Lysosomal Storage Diseases 

The spleen often serves as a repository of various abnormal proteins, including amyloid and 
products of storage diseases. Deposits of amyloid, in the form of hard glistening nodules, give 
the spleen a characteristic gross appearance, known as “sago spleen.” A case of 
amyloidosis involving the spleen, diagnosed by FNA, was reported by Pasternack (1974). 

Lysosomal storage diseases are characterized by the inability of cytoplasmic lysosomes to 
digest products of lipid, mucopolysaccharide, or glycogen metabolism because of an autosomal 
recessive inherited defect of one or more lysosomal 
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enzymes (known as hydrolases). Various lipid, mucopolysaccharide, or glycogen products, 
usually derived from membranes of dead cells, are stored in the lysosomes, which often gives 
the cells a characteristic microscopic configuration. These disorders are classified according to 
the product stored in the lysosomes. They are usually discovered in infancy or childhood 
(except for Gaucher's disease, which also has an adult form), and result in severe disabilities 
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Figure 38-25 Gaucher's disease. A Macrophages of Gaucher's cells storing 
glucocerebroside appear as large cells with finely vacuolated, somewhat striated 
cytoplasm. The background cells are erythrocytes. B. Histology. The red pulp of spleen is 
virtually replaced by Gaucher's cells. The white pulp usually remains intact. (A Giemsa 
stain.) (Case courtesy of Dr. Miguel Sanchez, Englewood Medical Center, Englewood, NJ.) 



Several of these disorders may involve the spleen. Splenic FNAis rarely, if ever, required for 
diagnosis, but occasionally a disease presents as a splenomegaly of unknown nature that may 
be aspirated. The most characteristic cytologic findings are observed in Gaucher's disease. 
Large macrophages with eosinophilic, finely vacuolated, somewhat striated cytoplasm 
and peripheral nuclei may be recognized in smears (Fig. 38-25A,B). The Gaucher cells 
resemble oncocytes of various origins. Six cases of a not further named “storage disease,” 
presumably Gaucher's, were described by Zeppa et al (1994). A case of Gaucher's disease 
diagnosed from the splenic aspirate of an infant was reported by Domanski et al (1992). 

Hematologic Disorders Affecting the Spleen 
Myeloid Metaplasia 

Extramedullary hematopoiesis, also known as myeloid metaplasia, is a frequent 
complication of suppressed or failed hematopoietic function of the bone marrow. It has many 
possible causes, the most common of which is myelofibrosis. The spleen is frequently 
involved in this process, usually in the form of diffuse splenomegaly. Atumor-like 
presentation of myeloid metaplasia of the spleen, identified by FNA, was reported by 
Austin et al (2000). The characteristic feature of myeloid metaplasia is a finding of large, 
multinucleated megakaryocytes, accompanied by granulocytic lineage cells and other 
hematopoietic elements (Fig. 38-26). Identical findings may be observed in myelolipoma of the 
adrenal (see Fig. 40-22). 

Leukemias 

The spleen is commonly involved in all forms of leukemia, particularly chronic leukemias that 
may cause large splenomegaly. However, the spleen is particularly affected by hairy cell 
leukemia. In this uncommon form of chronic lymphocytic leukemia that affects B cells, 
splenomegaly (sometimes colossal) may be the dominant clinical feature of the disease 
(Bouroncle, 1978). The cells of this form of leukemia display long, slender peripheral 
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cytoplasmic projections or “hairs,” accounting for the name of the disease (Fig. 38-27A-C). 

The enzyme tartrate-resistant acid phosphatase (TRAP), which is present in the cytoplasm 
of the leukemic cells, distinguishes this from other forms of leukemia. Cases of hairy cell 
leukemia, diagnosed from splenic aspirates, were reported by Moriarty et al (1993) and Pinto et 
al (1995). A monotonous population of large lymphoid cells, some with hair-like 
projections, was observed. In the case described by Pinto et al (1995), the diagnosis was 
confirmed by a positive TRAP reaction. If sufficient material is available for flow cytometry, 
hairy 
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cells are B-lymphocytes that uniquely express CDIIc, CD103, and CD25. 




Figure 38-26 Myeloid metaplasia of spleen. Three megakaryocytes accompanied by 
lymphocytes, plasma cells, and immature myeloid cells are seen (cell block of FNAof 
spleen). 
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Figure 38-27 Hairy cell leukemia: A FNAof spleen showing a group of leukemic cells, 
some with notched nuclei. Cytoplasmic projections are masked by cell clustering and 
molding. B,C. Characteristic “hairy cells” with peripheral cytoplasmic projections in bone 
marrow and peripheral blood. (Giemsa stain, oil immersion.) 



Malignant Lymphomas 

The spleen, being a gigantic lymph node, can be involved in all forms of Hodgkin's and non- 
Hodgkin's malignant lymphomas (Moriarty et al, 1993; Silverman et al, 1993; Zeppa et al, 1994; 
Caraway and Fanning, 1997; Austin et al, 2000). Bonifacio et al (2000) advocated the use of 
flow cytometry on splenic aspirates, guided by ultrasound to increase the accuracy of 
interpretation of the sample. 

Of special interest is the marginal zone B cell lymphoma that may involve the spleen as 

the dominant organ. Matsushima et al (1999) reported on the diagnostic difficulty of 
recognizing this low-grade lymphoma in FNA samples, resulting from the fact that the 
polymorphous population of lymphocytes in various stages of maturation is suggestive of 
hyperplastic lymphoid tissue rather than lymphoma. The cytologic presentation of malignant 
lymphomas in lymph nodes, and the ancillary procedures that are useful in their classification 
are discussed in Chapter 31 . 

Hepatosplenic Gammadelta T-Cell Lymphoma 

Farcet et al (1990) described a very rare form of malignant T-cell lymphoma that presented as 
hepatosplenic disease with hepato- and splenomegaly, and was characterized 
histologically by infiltration of the liver and spleen sinusoids by tumor cells. The tumor 
cells expressed a CD3 T-cell receptor with the gamma delta phenotype. A variant with the 
alpha beta phenotype has been described (Suarez et al, 2000). Thrombocytopenia and 
hemolytic anemia may accompany the disease (Lai et al, 2000). Leukemia may develop in some 
patients (Steurer et al, 2002). The disease is characterized by aggressive behavior and by 
short survival of the patients (Weidmann, 2000). To our knowledge, there are no published 
reports on the cytologic presentation of this disease in FNAspleen samples. 

Malignant Histiocytosis 

True malignant histiocytosis is a very rare condition that affects the spleen and the liver. 

It is characterized by erythrophagocytosis by large histiocytic tumor cells, and a rapid 
clinical course (Sato et al, 2002). Zeppa et al (1994) illustrated the FNA cytology of this 
uncommon disease. Large tumor cells with abundant cytoplasm and large, irregular 
nuclei were observed, and the cytologic presentation was unlike that of any other 
lymphoma. The identity of this very rare disorder must be confirmed by markers that indicate 
the lineage of the malignant macrophages. The markers CDIIc, CD68, macrophage-colony 
stimulating factor (M-CSF), lysosome, and antitrypsin were used by Sato et al (2002) to 
document the identity of the tumor. 

Plasmocytoma 

A case of extramedullary plasmocytoma that affected the spleen and was diagnosed by 
FNA was reported by Bangerter et al (2000). For description of these tumors, see Chapters 26, 
31, and 36. 
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Figure 38-28 Metastatic malignant tumors to spleen. A Metastatic carcinoma in a 55- 
year-old HIV-positive male patient. Clinically, the primary site was not obvious. B. 

Metastatic bronchogenic small-cell carcinoma, intermediate cell type. C. Cells of metastatic 
melanoma with many intranuclear cytoplasmic inclusions. (A Diff-Quik stain; B,C: Pap 
stain.) 



Vascular Tumors 

Angiosarcomas belong to the small group of primary splenic tumors. This disease, which 
carries a poor prognosis, is characterized by enlarged spleens containing vascular spaces of 
various sizes that are lined by large, abnormal endothelial cells (Enzinger and Weiss, 

1 995). Although to our knowledge there are no reports of cytologic diagnosis of splenic 
vascular tumors on FNA, the general cytologic features of angiosarcomas in other locations 
have been described repeatedly (Mullick et al, 1997; Liu and Layfield, 1999; Boucher et al, 
2000). Minimo et al (2002) described the cytologic findings in 24 angiosarcomas of various 
origins (none of which were in the spleen). In keeping with the observations of other authors, 
spindly and epithelioid tumor cells and angioformative structures were observed in some 
of the patients, most of whom had a history of vascular neoplasm. These observations may 
serve as a guide to the obviously difficult cytologic diagnosis of splenic vascular tumors. See 
also Chapter 35. 

Metastatic Cancer 

In contrast to the adrenal and the retroperitoneal space, the spleen is not a common site of 
metastatic cancer. However, sporadic cases of metastatic cancer to the spleen with FNA 
diagnosis have been reported. Thus, Cristallini et al (1991) described a case of metastatic 
ovarian carcinoma, and Silverman et al (1993) reported three cases of metastatic carcinoma of 
testicular, pulmonary, and ovarian origin, respectively. Caraway and Fanning (1997) reported 
nine cases of metastatic carcinoma from various primary sites, and two metastatic melanomas. 

In our experience, metastatic cancer to the spleen is most likely to be observed in 
immunosuppressed patients, particularly those with AIDS (Fig. 38-28A). In 
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immunocompetent patients, metastases are seen more often on the capsule (abdominal 
carcinomatosis), and rarely within the substance of the spleen (Fig. 38-28B,C). 

RESULTS 

We do not have sufficient personal experience to establish the statistical accuracy of FNAof 
the spleen. So far as one can tell from published data, the diagnostic accuracy of splenic 
FNAs for neoplastic processes is somewhat lower than that for other abdominal organs that are 
routinely aspirated. In a study of 140 patients, Zeppa et al (1994) reported a sensitivity of 
86.4% and specificity of 97.5%. Civardi et al (2001 ) compared the yield of FNA with core 
biopsies of the spleen in 398 procedures and found the two methods to be comparable, with 
84.9% accuracy for cytologic sampling and 88.3% for core biopsies. However, core biopsies 
were much more efficient for diagnosing malignant lymphoma (90.9% for core biopsy vs. 

68.5% for cytologic sampling). Caraway and Fanning (1997) reported only one false-negative 
and no false-positive aspirates in 50 patients from a major cancer center, perhaps reflecting the 
select 
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population. Lishner et al (1996) reported a low yield of diagnoses in 58 patients with a variety 
of splenic lesions associated with splenomegaly. 

It is our belief that in select, well chosen cases in which FNA can clarify a diagnosis that is 
not obtainable by other means, and can be performed safely, spleen FNA should retain 
its place in the diagnostic armamentarium as a valuable and useful procedure. 
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The Pancreas 

Muhammad B. Zaman 

Fine-needle aspiration (FNA) biopsy has made a significant contribution to the preoperative and 
intraoperative diagnosis of a broad variety of space-occupying pancreatic abnormalities 
that may be benign or malignant. The most common lesions of the pancreas are listed in Table 
39-1. Chief among the malignant lesions are ductal adenocarcinomas, which are largely 
incurable and often rapidly fatal (Gudjonsson, 1987; Warshaw and Swanson 1988; Henne- 
Bruns et al, 1998). It is not clear at this time whether cytologic techniques will contribute to an 
improved salvage rate for these patients. However, because of its safety and reliability, FNA of 
the pancreas has greatly reduced the need for exploratory laparotomies, which are not 
without the risk of operative morbidity and mortality (Ferrucci et al, 1979). Substantial savings 
in health care expenditures more than justify the use of the needle aspiration technique 
(Soudah et al, 1989; Alvarez et al, 1993; Chang et al, 1997). The practicing cytopathologist who 
interprets the FNA smears of a pancreatic tumor may be rewarded by the diagnosis of a benign 
condition or tumors that may be curable by surgical resection. Fortunately, these relatively rare 
tumors, which constitute approximately 10% of pancreatic neoplasms (an estimated 3,000 
cases annually in the United States) are recognizable because of their unique cytomorphology. 

INDICATIONS AND DIAGNOSTIC TECHNIQUES 

The principal reason for investigating the pancreas is to differentiate between inflammatory and 
neoplastic space-occupying lesions, and, if the lesion is neoplastic, to determine whether it is 
amenable to effective treatment. The initial step in investigating a patient with a pancreatic 
lesion is to determine the serum amylase and lipase levels. These levels are usually 
markedly elevated in acute pancreatitis, but are only slightly elevated in chronic pancreatitis or 
in the presence of a pancreatic carcinoma. If a satisfactory diagnosis has not been achieved on 
the basis of clinical presentation and biochemistry, imaging studies of the pancreas are 
usually the next step in the evaluation of pancreatic disease. 

The investigation of pancreatic lesions is based on a variety of imaging techniques, such as 
computed tomography (CT), ultrasound (US), endoscopic US (EUS), endoscopic 
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retrograde pancreatography, and angiography, and the use of radioactive tracer substances 
(e g., 75 selenomethionine scans). If a space-occupying lesion is observed or suspected, 
the identity of the lesion must be further established. Cytologic techniques are 
currently the diagnostic methods of choice. 



TABLE 39-1 COMMON LESIONS OF THE PANCREAS 
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Inflammatory Lesions 



Neoplastic Lesions 



Pancreatitis 



Cystadenoma 



Acute 



Pancreatic carcinoma 



Subacute and chronic 



Duet cell origin 



Pseudocysts 



Acinar origin 



Cysts 



Cystadenocarcinoma (mucinous-cystic neoplasm 



Solid-papillary neoplasm 



Islet cell tumor (pancreatic endocrine tumor) 



Metastases to pancreas 



Methods of Securing Pancreatic Samples 

There are four methods available to secure cytologic samples from the pancreas: 

■ Duodenal lavage 

■ Endoscopic cytologic sampling via the common bile duct, using US or retrograde 
pancreatography 

■ Cytology of pancreatic juice 

■ Transcutaneous, intraoperative, or EUS-guided FNA 

The first two methods are described and discussed in Chapter 24, and only the cytology of FNA 
and pancreatic juice are discussed in this chapter. 

Collection of Pancreatic Juice 

In several studies, Japanese researchers investigated the diagnostic value of pancreatic juice, 
which is collected with or without papillotomy of the opening of the pancreatic ducts into the 
common bile duct. Their results were encouraging. Cytologic studies of the juice allowed for a 
better classification of mucin-producing tumors of the pancreas (Uehara et al, 1994), and for 
the occasional discovery of noninvasive intraductal carcinoma (Shimizu et al, 1999). 

Techniques of Pancreatic Aspiration 

The principal indication for FNA is the identification of a space-occupying solid or cystic 
lesion of the pancreas. In the latter situation, aspiration may serve as both a diagnostic and a 
therapeutic procedure. FNA is more likely to provide an accurate diagnosis compared to 
intraoperative core needle or wedge biopsy of the pancreas (Moossa et al, 1982; Saez et al, 
1995). 

There are three principal approaches to performing diagnostic FNA of the pancreas: 
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■ Percutaneous transabdominal aspiration under US or CT guidance. The success of this 
method depends on the skill of the operator in guiding the needle to the target area and 
obtaining an adequate sample. The adequacy of the sampling procedure may be 
determined at the bedside by rapid microscopic examination of aliquots of the samples by 
trained personnel. In our experience, adequate samples can be obtained from nearly all 
pancreatic cancers; however, in some cases the aspiration must be repeated. 

■ EUS-guided FNA. This is a newer approach that can be utilized to sample small pancreatic 
carcinomas (Chang et al, 1997; Jhala et al, 2003). The procedure is tedious and requires 
operator experience and collaboration between the cytopathologist and endoscopist. It is 
now the standard of practice in large medical centers. 

■ Direct visualization or palpation of the pancreas at the time of a laparotomy. This was 
the initial method used for cytologic investigations of the pancreas before reliable imaging 
techniques became available (Arnesjo et al, 1972). The advantage of this method is that it 
can precisely locate the pancreatic lesion with excellent accuracy and very few complications 
(Hastrup et al, 1977; Stormby, 1979; Alpern and Dekker, 1985; Soudah et al, 1989; Edoute et 
al, 1991; Blandamura et al, 1995; Saezet al, 1995). The samples are not contaminated by 
cellular material from serosal, gastric, or intestinal tissues. 

Comparison of Intraoperative Aspiration With Tissue Biopsies 
Intraoperative aspirations are probably more efficient and accurate than intraoperative 
wedge or needle core tissue biopsies with intraoperative consultation with frozen sections, 
which is occasionally done during exploratory laparotomies for pancreatic tumors, particularly 
when resection of the head of the pancreas is contemplated (Whipple procedure) (Saez et al, 

1995; Robins et al, 1995). However, even the small, direct tissue biopsies are not free of the 
risk of significant morbidity and mortality, and they are not always easy to interpret (Ferucci et 
al, 1979; Beazley, 1981). The fear of causing acute pancreatitis and peritonitis resulting from 
the leakage of enzymes, and the difficulty in differentiating chronic pancreatitis from pancreatic 
carcinoma by gross examination at surgery often results in the acquisition of inadequate tissue 
samples. Crushing of the small biopsy sample may also create problems in interpretation. 

Complications 

There are rare reported complications of intraoperative FNA under visual guidance (Simms, 

1982), and remarkably few complications of percutaneous FNA, even though the needle 
passes through a number of viscera, such as the large bowel, before reaching the pancreas. 

Apparently, the needle puncture sites are rapidly sealed. The complications that 
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have been reported include cases of acute pancreatitis, needle tract seeding of pancreatic 
carcinoma, and pancreatic fistula (McLoughlin et al, 1978; Ferrucci et al, 1979; Simms et al, 

1982; Rashleigh-Belcher et al, 1986; Bergenfeldt et al, 1988; Fornari etal, 1989; Rosenbaum 
and Frost, 1990). A case of bile peritonitis was encountered in a patient with carcinoma of the 
head of pancreas and a distended Courvoisier gall bladder. The perforation was immediately 
apparent because of the presence of bile in the syringe; however, the patient recovered after 
laparotomy and treatment with antibiotics (Koss et al, 1992). The frequency of complications 
from FNA is much lower than that associated with incisional pancreatic biopsies. 

ANATOMY, HISTOLOGY, AND CYTOLOGY OF THE NORMAL PANCREAS 
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Anatomy 

The pancreas is a catfish-shaped, composite exocrine-endocrine gland that is located 
transversely in the upper abdomen behind the peritoneum. The gland itself weighs 
approximately 100 g, measures about 25 * 9 * 4 cm, and is posterior to the body and antrum of 
the stomach and the transverse colon (see Fig. 24-1). The pancreas is arbitrarily divided into 
three parts: the head, body, and tail. The head is nestled in the duodenal C loop behind the 
liver, and the tail extends to the hilus of the spleen (see Chap. 24). The left kidney is 
immediately posterior to the tail. With so many structures in close proximity, it is clear that when 
one attempts to reach a pancreatic lesion through the anterior abdominal wall, the needle may 
sample mesothelial cells from the peritoneum and normal cells from any of the above mentioned 
organs. Ectopic pancreases may be observed and sometimes may cause diagnostic problems 
(Sams et al, 1990). 




Figure 39-1 Histology of normal pancreas. A. Exocrine pancreas. Pancreatic lobules 
composed of acini separated from each other by septa of connective tissue form the 
lobule. The secretory duct is lined by columnar mucus-forming cells. B. Islet of Langerhans 
and acinar cells. The islets are composed of small polyhedral cells with transparent 
cytoplasm that are arranged in nests separated by capillaries. By contrast, the larger acinar 
cells with purple cytoplasm are shown in the middle of the field. 



The bulk of the pancreas is formed by the exocrine component, namely the acini, the ducts, 
and the corresponding blood vessels. The endocrine component, which is comprised of more 
than a million islets of Langerhans with an aggregate weight of about 1 g, constitutes about 
2% of the pancreatic mass. The remaining approximately 10% of the pancreas is formed by the 
extracellular matrix (Gorelick and Jamieson, 1981). 

Histology 

The histology of the exocrine pancreas is similar to that of the salivary glands. The exocrine 
pancreas is composed of morphologic units called lobules, which are made up of numerous 
spheroidal acini (Fig. 39-1A). The lobules are separated by a thin fibroconnective and 
vascular stroma. The acini produce digestive enzymes, such as trypsinogen, chymotrypsin, 
lipase, and elastase. These enzymes drain into the duodenum by a complex duct system. The 
smallest intralobular ducts, which are lined by a flattened epithelium, continue into the 
interlobular ducts with cuboidal epithelium, and then into the main excretory ducts, which are 
lined by columnar cells with interspersed goblet cells (Fig. 39-1A). The ductal system is 
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embryologically related to the extrahepatic biliary tract, and is morphologically similar to the bile 
duct and gall bladder epithelium (see Chap. 24). 

The pancreatic acini are lined by pyramid-shaped cells surrounding a central small lumen. They 
have basally placed round nuclei, and the pink to purple cytoplasm contains variable numbers 
of acidophilic zymogen granules (Fig. 39-1 B). 

The richly vascularized islets of Langerhans are dispersed throughout the whole organ; 
however, most are located in the tail of the pancreas. The islets are composed of small 
polyhedral cells arranged in nests and separated by capillaries. The cytoplasm of the islet cells 
is transparent; therefore, they are seen in histologic sections as a collection 
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of small clear cells, approximately five times the size of an acinus (Fig. 39-1 B). The islets do not 
maintain communication with the acinar or ductal system, and they secrete their products 
directly into the bloodstream. Depending on the hormones produced, the islet cells may be 
classified as a cells (which produce glucagon), p cells (insulin), 5 cells (somatostatin), Gi 
cells (gastrin), and PP cells (polypeptide). These cell types are identified on the basis of 
immunohistochemistry or electron microscopy (Mukai et al, 1982). Regardless of type of cell 
involved, tumors derived from islet cells, known as pancreatic endocrine neoplasms, are 
morphologically similar to each other. 

Cytology 

Normal pancreas is never deliberately aspirated, and information regarding its cytologic make- 
up is obtained mainly from aspirates of very small lesions that have missed the target. Although 
the normal exocrine pancreas is composed primarily of acini, the dominant cells in FNA smears 
are ductal epithelial cells. Normal acinar cells and islet cells are rarely seen (see below). The 
percutaneous transabdominal pancreatic aspirates may also contain mesothelial cells, epithelial 
cells of gastric or intestinal origin, occasionally hepatocytes, and, very rarely, ganglion cells 
(Fig. 39-2A-D). 




Figure 39-2 Cytology of normal pancreas. A Ductal cells arranged in a large monolayer 
folded at the edges. B. Higher magnification shows uniform small cuboidal ductal cells in a 
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honeycomb arrangement. Single cells, as well as mucus vacuoles, are generally absent. 

C : D. Pancreatic acini or cells forming “rosettes.” The nuclei are aligned at the 
periphery with narrow central lumen. The cytoplasm may be clear ( C ) or purple and 
granular ( D ). 



Epithelial Duct Cells 

Benign ductal cells of the pancreas appear as sheets of uniform cuboidal cells forming 
monolayers of various sizes with centrally placed small nuclei (see Fig. 39-1 C). At the edge 
of clusters derived from large ducts, the cells may be columnar in configuration, parallel to 
each other, with basally placed nuclei. The cytoplasmic borders are well demarcated and the 
cytoplasm is transparent in fixed smears stained with Papanicolaou stain, accounting for the 
honeycomb pattern of the flat clusters (Fig. 39-2B). Cytoplasmic vacuoles or goblet cells are 
very rarely seen. The nuclei are round or slightly ovoid, and equally spaced, and there are no 
nuclear contour abnormalities. The chromatin is finely granular and uniformly distributed. Tiny 
nucleoli may be visible. 

Occasionally, large areas of the ductal epithelium are aspirated (Fig. 39-2A). The smear may 
show very large flat sheets of benign glandular cells that may fold at the edges. Occasionally, 
the ductal cells form thick, multilayered sheets with crowding of nuclei. Such clusters may be 
a cause for concern because this may represent a well-differentiated ductal adenocarcinoma. 
Examination of the edges of such thick clusters usually allows for a close examination of the 
nuclei that fail to show the nucleolar abnormalities characteristic 
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of cancer. The absence of single cancer cells is another reason to regard such clusters as 
benign. 

Acinar Cells 

The acinar cells usually form small, tightly knit clusters, often arranged in spherical, 
three-dimensional structures. Higher magnification reveals the pyramidal shape of cells 
arranged around a central narrow lumen, resembling rosettes, with the nuclei aligned at the 
periphery of the cells (Fig. 39-2C.D). The cytoplasm is relatively abundant, and in air-dried or 
well-fixed cells it may show prominent coarse cytoplasmic granularity imparted by the 
zymogen granules, which are precursors of digestive enzymes. In most cases, however, the 
granules are lost, and the cytoplasm of the acinar cells appears clear or vacuolated (Hastrup, 

1977). The nuclei are uniform and small and round, with a smooth membrane, and are located 
away from the acinar lumen. The chromatin is granular and evenly distributed, and the nucleoli 
are inconspicuous. 

Islet Cells 

In general, the islet cells cannot be recognized in FNA smears without the use of 
immunohistochemical markers for endocrine function. In a fortuitous case of pancreatic FNA 
performed in a young male patient with sclerosing cholangitis and total atrophy of the exocrine 
pancreas, the aspirated islet cells formed loose, approximately spherical or oval 
aggregates of cells with eosinophilic cytoplasm (Fig. 39-3A). The cell borders were 
indistinct, and in this material cytoplasmic granules were not visible. The regular round nuclei 
with minimal pleomorphism were similar in size to the acinar cell nuclei. The nuclear chromatin 
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may show an endocrine “salt and pepper” granularity, with a visible nucleolus. In this 
particular case, the identity of the cells was confirmed at autopsy (Fig. 39-3B). It must be 
reemphasized that this presentation of islet cells is exceptional and is not likely to be duplicated 
in practice. 

Other Benign Cells 

Large sheets of benign glandular cells may be aspirated from gastric or intestinal (mainly 
colonic) mucosa. However, benign gastric mucosal cells are identical to pancreatic ductal 
epithelium (Fig. 39-4A). The origin of the sample can be identified if parietal gastric cells, 
which have a finely granular and intensely eosinophilic cytoplasm, are present. The presence 

of goblet cells identifies intestinal epithelium (Fig. 39-4B). 




Figure 39-3 Cytology of endocrine pancreas. A A fortuitous finding of a large cluster of 
normal islet cells in a patient with sclerosing cholangitis and complete destruction of the 
exocrine pancreas documented at autopsy ( B ). 



The mesothelial cells of peritoneal origin typically occur in monolayer sheets, in which the 
cells are separated from each other by wide spaces or windows. These cells have notoriously 
large, readily visible nucleoli, and therefore may be confused with cancer cells (see Fig. 38- 
ID; for further discussion and illustrations of these cells, see Chap. 25). Large hepatocytes, 
occurring singly or in small sheets, may be present in smears if on its way to the pancreas the 
needle passes through the left liver lobe (see Fig. 39-4C). Their morphology is described in 
Chapter 38. Capillary vessels, connective tissue cells, and sometimes striated muscle and fat 
cells may also occur in pancreatic FNAsmears. Exceptionally, when the needle penetrates 
beyond the pancreas and reaches sympathetic ganglia, ganglion cells may be observed (Fig. 
39-4D). 

INFLAMMATORY LESIONS: PANCREATITIS 

The term pancreatitis is used to describe injury to the exocrine component of the 
pancreas, primarily the acini, with resulting release of digestive enzymes, lipase, elastase, 
and proteases, leading to the autodigestion of the pancreas and the surrounding tissues. This 
results in a hemorrhagic necrosis and inflammation of the affected tissues, mainly fat necrosis. 
The combination of the necrotic fat with calcium salts may result in calcific soap formation, 
which is readily visible as white granules within the peripancreatic fat. 

The known predisposing factors are gallstones with associated obstruction and infection, 
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alcoholism, trauma (including abdominal surgery), and sometimes malignant tumors of the 
pancreas. Less often, drugs and gastric ulcers 
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may also be associated with pancreatitis (Marshall, 1993). The pathogenesis of pancreatitis is 
poorly understood. The formation of pseudocysts may be a consequence of pancreatitis 
(see below). 




Figure 39-4 Other benign cells observed in pancreatic aspirates. A Gastric epithelial 
mucus-producing cells are larger than normal ductal cells and have sharper cytoplasmic 
borders. Lesions of the body of pancreas, aspirated through the posterior gastric wall by 
an endoscopic ultrasound (EUS)-guided needle, may show an abundance of such cells, 
causing diagnostic difficulty. Compare with the illustrations of low-grade mucinous cystic 
tumors in Figure 39-8. B. Colonic epithelium. Astrip of colonic mucosa that is rich in pale 
goblet cells and may resemble mucinous cystadenoma. C. Hepatocytes are occasionally 
derived from the left lobe of the liver. They show dense pink cytoplasm and prominent 
nucleoli. D. Ganglion cells, derived from sympathetic ganglia, may be occasionally seen in 
aspirations of the pancreas. 



Acute Pancreatitis 

Acute pancreatitis may range from a mild and self-limited disorder to a severe, debilitating, even 
fatal disease. Classically, there is an abrupt onset of severe abdominal pain radiating to the 
back, with a marked elevation of serum amylase and lipase levels. The episode is often 
precipitated by excessive alcohol or food consumption. The diagnosis is usually clinically 
obvious and can be confirmed by biochemical analysis of the serum or, by contrast, enhanced 
dynamic pancreatography, a refined CT technique that can detect pancreatic necrosis and 
its extent. This imaging procedure correlates with the severity of the pancreatitis and other 
complications (Marshall, 1993). Therefore, percutaneous FNA biopsy is usually not needed and 
is seldom performed. 

The limited information available regarding the cytology of acute pancreatitis comes from 
intraoperative needle aspirations obtained during exploratory laparotomies. Arnejo et al 
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(1972), Hastrup et al (1978), and Frias-Hidvegi (1988) reported the presence of inflammatory 
cells, macrophages, lipophages, and elements of normal pancreas (mainly ductal cells). The 
presence of calcific debris from areas of fat necrosis has also been reported. 

Subacute and Chronic Pancreatitis 

Subacute or chronic pancreatitis is usually the sequela of an acute pancreatitis, but it may also 
occur as a primary disorder. The patients have chronic recurrent abdominal pain. The levels 
of serum amylase and lipase may or may not be elevated. Late in the course of the disease, 
pancreatic insufficiency in the form of steatorrhea, weight loss, and diabetes mellitus may 
develop. Chronic pancreatitis may also cause bile duct obstruction and jaundice; 
therefore, it may be mistaken clinically for a pancreatic carcinoma. 
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Histology 

In tissue sections, chronic pancreatitis is characterized by variable degrees of fibrosis, acinar 
atrophy, and ductal hyperplasia. As a result of atrophy of the exocrine pancreas, the islets 
of Langerhans are readily visible and appear larger than normal. The stroma shows an 
infiltrate composed of lymphocytes and plasma cells. The epithelium of the dilated and 
distorted ducts may show hyperplasia with some atypia, and, rarely, squamous metaplasia 
in the smaller ducts. The duct lumens may be filled with protein plugs. In the end stage of the 
disease, the ducts may be distorted by diffuse fibrosis and may show mucinous metaplasia, 
thus mimicking a well-differentiated adenocarcinoma of the scirrhous type (Fig. 39-5A). 
Fat necrosis with calcium deposits is commonly observed at the periphery of the pancreatic 
tissue. At laparotomy, the pancreas may be rock-hard on palpation, grossly mimicking infiltrating 
carcinoma. It can be a formidable problem to correctly interpret needle core biopsies by 
frozen sections. Cytologic studies may help in difficult situations. 

Cytology 

The FNA smears of subacute and chronic pancreatitis vary in cellularity and cell composition, 
but, contrary to panorcetic cancer, are usually scanty. On screening magnification, the smears 
typically reveal a polymorphous picture of variably sized and configured clusters of ductal 
cells, occasional acinar cells, macrophages and other inflammatory cells, connective 
tissue fragments, granulation tissue, mucus, calcification, and debris (Fig. 39-5B,C). Not 
all of these components are seen in a given case. The number and type of inflammatory cells 
present depend on the stage of the disease: In subacute pancreatitis, neutrophils and 
macrophages predominate. In chronic pancreatitis, lymphocytes, macrophages, and plasma 
cells predominate. In chronic fibrosing pancreatitis, the FNA smears may have a relatively 
clean background. 
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Figure 39-5 Chronic pancreatitis. A Histology of chronic fibrosing pancreatitis. The 
ducts, distorted and separated from each other by dense stroma containing scattered 
lymphocytes, mimic an adenocarcinoma (same case as D ). B. The hyperplastic ductal cells 
are crowded but retain polarity. Background inflammatory cells are predominantly 
lymphocytes. C. A connective tissue fragment represents fibrosis. D. Acluster of ductal 
cells. Some cells show distended clear cytoplasm, consistent with mucinous metaplasia, 
but there is no nuclear contour abnormality. 



Problems with interpreting pancreatic material in pancreatitis are related to the presence of 

hyperplastic and atypical ductal cells, which may occur singly or form disorderly 
clusters (Fig. 39-5D). In some (fortunately very uncommon) cases, nuclear atypia in the form 
of nuclear enlargement and clearly visible but not very large nucleoli makes it 
extremely difficult to differentiate chronic pancreatitis from well-differentiated 
adenocarcinoma. The presence of an inflammatory infiltrate in the background of the 
smear should strongly suggest the use of caution before interpreting such smears as 
malignant. The 
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important factors in the differential diagnosis of inflammatory atypia of ductal cells versus well- 
differentiated ductal carcinoma are discussed below in reference to carcinoma, and are 
summarized in Table 39-3 (see below). An additional confounding factor is that ductal 
carcinoma and chronic fibrosing pancreatitis may coexist and may account for at least 
some of the false-negative diagnoses on FNAof this organ. 

NONNEOPLASTIC CYSTIC LESIONS 

Pancreatic cysts represent a broad variety of lesions that may be acquired or congenital, 
benign or malignant. Rarely, some of the otherwise solid tumors, such as pancreatic duct 
carcinoma or endocrine tumor, may also be wholly or partially cystic. In such cases, 
the aspiration of the cystic fluid should be supplemented by an aspiration of the cyst 
wall to reach the correct diagnosis. Several major recent surveys of FNA cytology of various 
cysts have documented the diversity of the targets and the problems encountered in identifying 
them (Koss et al, 1992; Laucirica et al, 1992; Centano et al, 1997). 
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Acquired Cysts 
Pancreatic Pseudocysts 

The most common type of acquired nonneoplastic cysts is the pancreatic pseudocyst, which 
follows the destruction and necrosis of pancreatic tissue secondary to pancreatitis. Patients 
usually present with jaundice, pain, weight loss, nausea, and vomiting. Pseudocysts are usually 
solitary and unilocular, and while their cystic nature may be determined by CT or US, it is not 
possible to exclude a cystic neoplasm based on imaging alone. Therefore, the nature of the 
cyst should be determined by cytologic examination of the cyst contents. 

Histology 

The thick cyst wall consists of reactive fibrous tissue without epithelial lining (hence the 
name pseudocyst ). Initially, most pseudocysts are small, but continued pancreatic secretion 
and destruction of tissues may lead to very large symptomatic and even palpable cystic masses 
containing several hundred cubic centimeters of fluid. 

Cytology 

Aspiration of fluid from a pseudocyst is often of diagnostic and therapeutic value. After the 
fluid is aspirated, the cyst may collapse and the patient will experience immediate symptomatic 
relief. Often there is no reaccumulation of the fluid. 

The cyst fluid may appear clear, straw-colored, brown, turbid, or frankly hemorrhagic. The 
sediment is sometimes acellular but most often contains large numbers of macrophages and 
some lymphocytes in a background of necrotic debris (Fig. 39-6A). Less often, there are 
multinucleated macrophages containing ingested hemosiderin and debris, and a very few 
atypical spindly fibroblasts with enlarged nuclei and prominent nucleoli originating in the 
capsule of the pseudocyst. The latter can be mistaken for a spindle cell malignant tumor. The 
small number of such cells, and the typical cystic background of the smear should prevent such 
errors. Epithelial cells are absent. If epithelial cells are present, the lesion is not likely 
to be a pseudocyst. A portion of the cyst fluid should always be submitted for analysis of 
amylase content, that is high in pseudocyst, and carcinoembryonic antigen (CEA) level, 
which is high in neoplastic cysts but low in pseudocysts (Pinto and Meriano, 1991; 
Lewandrowski et al, 1993; Centeno et al, 1997). 

Lymphoepitheiiai Cysts 

These are uncommon cysts that are similar to branchial cleft cysts in the neck (see Chapter 30) 
and are often lined by squamous epithelium with lymphocytic deposits in the wall 
containing pasty, whitish material. There are a few case reports describing the cytologic 
findings (Centeno et al, 1999; Liu et al, 1999; Mandavilli et al, 1999). The presence of 
squamous cells, squamous and amorphous debris, and cholesterol crystals has been 
described as characteristic of the entity (Fig. 39-6B). Centeno et al (1999) reported elevated 
levels of CEA, CA 125, and amylase in the viscous fluid aspirated from one such cyst. 

Congenital Pancreatic Cysts 

Congenital pancreatic cysts are rare, true cysts lined by pancreatic ductal epithelium. 

They can be solitary (thought to result from abnormal development of a duct) or multiple 
(associated with inherited polycystic diseases). The capsule is thin and lined by a single 
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layer of cuboidal, rarely columnar, or flat epithelial cells, some of which show evidence of 
mucus formation (Fig. 39-6D). 

The aspirated fluid is usually clear and mucoid, and the smears are sparsely cellular. Careful 
screening usually reveals a few benign cuboidal or columnar epithelial cells from the lining of 
the cyst (Fig. 39-6C). If such cells are numerous, the possibility of a mucinous cystic tumor 
cannot be ruled out (see below). 

BENIGN AND MALIGNANT NEOPLASTIC CYSTIC LESIONS 

Serous Cystadenoma 

A serous cystadenoma is a benign epithelial neoplasm composed of numerous small cysts 
lined by uniform glycogen-rich cuboidal cells, sometimes disposed around a central 
stellate scar. The lesions are also known as microcystic adenomas or glycogen-rich 
adenomas (Compagno and Oertel, 1978a; Alpert et al, 1988). They constitute 1% to 2% of the 
exocrine pancreatic tumors, and are of unknown 
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etiology and pathogenesis. These tumors occur predominantly in elderly women (mean age 
of 66 years), but they may also occur in men, and are usually, but not always, located in the 
body and tail of the pancreas (Compagno and Oertel, 1978; Albores-Saavedra, 1990). A 
macrocystic variant of this tumor was described by Lewandrowski et al (1992). The tumor 
can be asymptomatic and incidently found during abdominal examination for unrelated disease, 
or it may cause nonspecific symptoms related to its bulk, such as abdominal pain, nausea, and 
vomiting. Grossly, these tumors are well-circumscribed and large, with an average diameter 
of 10 cm. The cut surface has a characteristic sponge-like appearance due to the presence 
of numerous cysts of variable size (hence the name microcystic adenoma). 



• 




Figure 39-6 Nonneoplastic cysts of the pancreas. A Pancreatic pseudocyst. The 
sediment contains foamy macrophages and lymphocytes, but there are no epithelial cells. 
The background is clean but may contain necrotic debris. B. Lymphoepithelial cyst of the 
pancreas. The presence of squamous cells is highly suggestive of this disorder. 
Lymphocytes and macrophages are also present. A dermoid cyst cannot be excluded. C. A 
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mucinous (congenital) cyst. The processing of 9 cc of clear mucus aspirated from a 
pancreatic cyst yielded only a few small groups of benign columnar mucinous cells. D. 

Histology of a benign mucinous cyst. The single layer of lining mucus cells is separated 
from the thick, fibrous capsule. This cyst was an incidental finding in a pancreas removed 
for a carcinoma. 



Histology 

The cysts are lined by a single layer of uniform cuboidal or flattened epithelial cells with 
clear glycogen-containing cytoplasm, and may show intracystic papillation, usually 
without a fibrovascular core (Fig. 39-7D). The central stellate scar is formed by fibrous, 
hyalinized tissue with a few clusters of tiny cysts. 

Cytology 

The aspirate yields small amounts of clear, watery fluid. The cellularity of the smear is variable 
and may be abundant in a vigorous aspirate (Fig. 39-7A-C). At low magnification, the smear 
gives the impression of numerous, tightly cohesive normal acini, which actually represent 
the microcysts and small intracystic papillae. At high magnification, the small papillary groups 
are made up of uniform small cells with transparent, well-delineated cytoplasm. Some 
flat sheets of epithelial cells of variable sizes may be encountered; however, a perfect 
honeycomb pattern, as found in sheets of benign ductal cells, is not seen. Periodic acid-Schiff 
(PAS) stain is positive. The nuclei are spherical and show very little, if any, pleomorphism or 
atypia. Similar findings, with slight variations in cytologic presentation, were reported by Hittmair 
et al (1991) and Nguyen and Vogelsang (1993). 

A malignant counterpart — serous cystadenocarcinoma — has been reported (George et al, 

1989). We have 
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no first-hand experience with such a lesion in aspiration smears. 
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aspiration smear, the monotonous cuboidal cells with well-defined cytoplasm form either flat 
clusters or acini-like structures, depending on the lining of the locule (flat or papillary). The 
background is clean, with no mucus. C. Acinus in Diff-Quik stain. On immediate 
assessment, an acinar cell carcinoma and endocrine tumors must be considered in the 
differential diagnosis. D. Histology of serous cystadenoma. Portions of two microcysts are 
lined by uniform cuboidal cells, forming papillary projections. 



Mucinous Cystic Tumors 
Clinical Data and Histology 

Mucinous cystic tumors are uncommon pancreatic neoplasms, representing approximately 2% 
to 5% of all exocrine pancreatic tumors (Thompson et al, 1999). More than 500 cases of this 
tumor have been reported (Compagno and Oertel, 1978b; Zamboni et al, 1999). The tumors are 
composed of cysts lined by columnar, mucin-producing epithelium supported by ovarian- 
type stroma. They are subclassified as adenoma, borderline malignant, or noninvasive 
or invasive carcinoma according to the level of abnormality of the epithelium, which may 
form single or multiple layers or papillary projections (Fig. 39-8D). There are many similarities 
between this pancreatic tumor and its ovarian equivalent (see Chap. 15). Mucinous cystic 
tumors of pancreas occur almost exclusively in middle-aged women (Zamboni, 1999) in 
the body or tail of the pancreas. The smaller tumors may be an incidental finding, whereas 
larger tumors may produce nonspecific symptoms of pressure and diabetes mellitus. 

Malignant mucinous cystic tumors are often slow-growing and have a much better prognosis 
than pancreatic ductal carcinoma (Warshaw, 1990). No deaths from cancer have been 
observed in patients classified as benign or borderline malignant (Warshaw et al, 2003). Thus, 
the recognition and accurate classification of the cystic tumors is of great clinical value. 

Cytology 

The characteristic feature of fine-needle aspirates of mucinous cystic tumors is the presence of 
a grossly obvious clear mucoid material that forms the background of the smears. 

Mucus is much easier to recognize as a stringy, purple substance in air-dried smears, 
stained with hematologic stains, than as a faintly pink background in fixed smears processed 
with Papanicolaou's stain. If the cyst is large, the cell content of the smear may be very low. 

Smaller cysts yield numerous epithelial cells. In the benign and borderline mucinous cystic 
tumors, the cells form flat sheets with a “honeycomb” pattern closely resembling normal 
duct epithelium in a background of mucus (Fig. 38-8A). In other cases, sheets of goblet cells, 
floating in mucin, may be observed (Fig. 39-8B). As a point of differential diagnosis, occasional 
goblet cells may occur in aspirates from chronic pancreatitis, but they are never numerous and 
the smears do not have a mucinous background. In borderline tumors, small clusters and single 
cells with visible nucleoli are common (Fig. 39-8C). Furthermore, 
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careful scrutiny of smears from high-grade mucinous cystic tumors reveals papillary or three- 
dimensional groups with obvious nuclear atypia. Frankly malignant tumors of this category are 
classified as mucinous adenocarcinoma (see Fig. 39-1 6A,B) and are cytologically identical to 
colloid (mucinous noncystic carcinoma; see below). A positive mucin stain excludes serous 
cystadenoma (Table 39-2). Rubin et al (1994) reported that benign and malignant mucinous 
cystic neoplasms can be differentiated by the level of the tumor marker CA 15.3 in the cyst 
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Figure 39-8 Neoplastic cysts of the pancreas. A Mucinous cystadenoma. A large sheet 
of epithelial cells in a honeycomb-like arrangement is shown on a background of thick, 
clear mucus. No nuclear abnormalities or nucleoli are seen. Compare with normal 
pancreatic ductal cells and gastric mucus cells (Figs. 39-2B and 39-4A). B. Dispersed 
goblet cells, elongated by the smearing process, in a background of mucus. C. Borderline 
intraductal papillary mucinous tumor. The smear shows numerous mucus-producing cells. 
An occasional nucleolus can be noted. D. Histology of the tumor shown in C. The 
neoplastic ductal cells form slender papillary projections confined to the duct. Elsewhere 
the epithelium was atypical, and the tumor was classified as “borderline.” 



TABLE 39-2 DIFFERENTIAL DIAGNOSIS OF FLUIDS ASPIRATED FROM PANCREATIC 

CYSTS 





Pseudocyst 


Serous 

Cystadenoma 


Mucinous Cystic 
Tumour 


Gross 

Appearance 


Usually brown 
turbid to bloody 


Water clear 


Clear mucinous (sticky) 


Cellularity 


Sparse 


Moderate to high 


Sparse to moderate in 
mucus background 


Types of 
cells 


Macrophages and 
debris; no 
epithelial cells 


Small group in tight 
cohesion or 
honeycomb 


Honeycomb with goblet 
cells or crowded with 
papillae 
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Special 

stain 


Mucin - 


PAS+, mucin - 


Mucin + 


Amylase 

content 


High 


Low 


Low 


CEA 


Low 


Low 


High 


CEA carcinoembryonic antigen. 
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Ancillary Procedures in the Identification of Cystic Lesions 

As mentioned above, a number of biochemical tests and radioimmunoassays on aspirated fluids 
may assist in the classification of cystic lesions. The most common procedure is to determine 
the levels of CEA, which is elevated in neoplastic cysts but is low in pseudocysts 
(Lewandrowski et al, 1993; Centeno et al, 1994, 1997). Pinto and Meriano (1991) noted that the 
highest level of CEA is observed in cystic carcinomas and mucinous cysts. On the other hand, 
the amylase content is high in pseudocysts and absent or very low in neoplastic cysts. 
Additional data on the differential diagnosis of principal cystic lesions of the pancreas are 
summarized in Table 39-2. 

Intraductal Papillary Mucinous Neoplasms 

Intraductal papillary mucinous neoplasms (IPMNs) occur more frequently in males than in 
females (Yamada et al, 1991; Madura et al, 1997). They arise from the main pancreatic duct, or 
its major branches, causing cystic dilatation of the duct. The obstruction of the duct system is 
caused by papillary epithelial proliferation, and variable degrees of mucin hypersecretion. 

IPMNs are also divided into benign, borderline, and malignant noninvasive or invasive 
lesions. Histologically, the neoplastic cells are usually tall, columnar, and mucin-containing, 
forming long, graceful papillary projections (Fig. 39-9). The noninvasive tumors are confined to 
the duct. It is not possible to cytologically distinguish between mucinous cystic tumors 
(described above) and intraductal papillary mucinous tumor. This distinction was not made 
histologically until a decade ago (Anonymous, 1996; Kloppel et al, 1996; Solcia et al, 1997). We 
recently encountered several such lesions in FNA all of which were incidental CT scan 
findings. In adequate smears, benign, borderline, and malignant tumors can be predicted. 
Otherwise, mucinous cystic neoplasms on FNAshould be reported with care. All benign and 
borderline lesions are curable by resection (see review by Warshaw et al, 2003). 
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Figure 39-9 Intraductal papillary mucinous carcinoma. A-C. Thick clusters of tumor 
cells in a papillary ( B ) or disorderly ( C ) arrangement. Note the nuclear abnormalities. D. 
Histology of the tumor shown in B and C. There is an intraductal proliferation of neoplastic 
glands, with superficial invasion of the wall of the duct. 



CARCINOMA 

Carcinoma is the most frequent space-occupying neoplastic lesion of the pancreas. Other 
neoplastic lesions are relatively uncommon. In the United States, pancreatic cancer is the third 
most common malignant tumor of the gastrointestinal tract, and the fifth leading cause of 
cancer-related mortality (Jemal et al, 2002). The disease is significantly more frequent in North 
America, Europe, and Russia than in South Asia and Africa (Hamilton and Aaltonen, 2000). 

Patients 
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with pancreatic carcinoma are usually in their fifth to seventh decade of life, and the male-to- 
female ratio is almost equal. There are no known etiologic environmental factors, although 
associations with cigarette smoking, highfat diet, diabetes mellitus, and industrial pollutants 
have been reported (Cubilla and Fitzgerald, 1978; Malagelada, 1979; Warshawand Fernandez- 
del Castillo, 1992). Alcoholism and coffee drinking have been implicated and refuted (Wynder, 

1973; Cubilla and Fitzgerald, 1978; Malagelada, 1979; Warshawand Fernandez-del Castillo, 

1992). Although pancreatic carcinoma and chronic pancreatitis are commonly associated, the 
nature of their relationship is controversial. An increased risk has been observed in patients 
with hereditary pancreatitis (Lowenfels et al, 1997). 

The prognosis is dismal, with estimated annual deaths in the United States (28,900) closely 
approaching the estimated annual incidence of 29,200. Nearly all patients die within 2 years 
following the diagnosis. Only about 5% to 10% of all pancreatic ductal cancers are considered 
resectable at diagnosis (Warshaw and Swanson, 1988). 

About 90% of these tumors are carcinomas of ductal origin that are histologically similar to 
carcinomas of the biliary tree (see Chap. 24). More than one half of ductal carcinomas are 
located in the head of the pancreas (Solcia et al, 1997) and they may invade and compress 
the pancreatic and common bile ducts, causing obstructive jaundice and a distended 



2510/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



39 - The Pancreas 



palpable gall bladder (sign of Courvoisier). The classic clinical triad of symptoms of 
pancreatic carcinoma (jaundice, weight loss, and pain radiating to the back) is nonspecific. 
Gallstones obstructing the common bile duct, chronic fibrosing pancreatitis, or other malignant 
tumor in the area of the porta hepatis, whether primary or metastatic, have a very similar clinical 
presentation. 

In contrast, carcinomas of the body or tail of the pancreas are insidious, rarely produce 
early symptoms, and are usually discovered in a more advanced stage. Approximately 10% of 
patients present with peripheral migratory deep vein thrombosis or thrombophlebitis 
(Trousseau's syndrome), which is attributed to the release of platelet aggregating factors and 
procoagulants from the tumor or its necrotic products. This phenomenon is occasionally 
encountered with other visceral tumors, such as carcinomas of the stomach, colon, ovary, or 
lung (Moossa, 1982). At the time of diagnosis, peripancreatic, celiac, and porta-hepatis lymph 
nodes are involved in 85% of the patients, accounting for the dismal prognosis. Distant 
metastasis occurs primarily to the liver and lungs, and less often to bone. 

Ductal Adenocarcinoma 

Cancers of the pancreatic ducts are adenocarcinomas with varying degrees of differentiation. 
On gross examination, ductal carcinoma usually appears as a poorly defined, pale hard mass. 
The American Joint Committee on Cancer (Alberos-Saavedra et al, 1999; AJCC, 2002) 
recognizes four histologic grades based on differentiation: (1) well-differentiated, (2) 
moderately differentiated, (3) poorly differentiated, and (4) anaplastic or undifferentiated. This 
classification has not been very helpful in practice because, as noted above, the vast majority 
of patients die within 2 years of diagnosis regardless of tumor grade. 

Well-Differentiated Ductal Carcinoma 
Histology 

Well-differentiated ductal adenocarcinomas are composed of neoplastic ducts of irregular 
shapes and sizes, separated by a variable amount of stroma (Fig. 39-1 OB). Nearly identical 
tumors may be primary in the bile ducts or the gall bladder. The tumor cells lining the neoplastic 
ducts are cuboidal or columnar in shape, and show relatively limited nuclear abnormalities in 
the form of enlargement and visible nucleoli. 

Cytology 

The smears of well-differentiated adenocarcinomas are often rich in epithelial cells. The smear 
background is usually clean, and mucus may be apparent. Characteristically, the cancer cells 
form large, thick clusters and occasionally three-dimensional papillary groups (Fig. 39- 
10A). Tumor cells may also occur in flat sheets with a “honeycomb” arrangement of cells (Fig. 
39-1 0C). Dispersed cancer cells may also occur (Fig. 39-1 0D). Although the nuclei are 
generally uniform, on average they are twice the size of normal duct cell nuclei. 

Therefore, identifying an occasional cluster of benign ductal cells in the same smear allows a 
comparison of nuclear sizes (Fig. 39-11 A). Although the nuclei of cancer cells are usually 
spherical or oval, with only subtle nuclear membrane abnormality and finely granular chromatin, 
the nucleoli are always larger than in benign cells (see Fig. 39-10C,D). In the honeycomb 
type of clusters with sharply outlined cells borders, closely resembling normal ductal cells, the 
spacing of cancer nuclei is not equidistant, because some nuclei touch and overlap each 
other. This is sometimes the only recognizable criterion of a very well-differentiated 
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adenocarcinoma. The presence of rare mitotic figures and scattered pleomorphic cancer 
cells is strongly suggestive of a malignant tumor. 

Some observers have attempted to introduce the terms high- and low-grade dysplasia to 
characterize cytologic changes in brushings of the pancreatic ducts that do not fully meet the 
criteria of ductal carcinoma (Layfield et al, 1995), in particular the absence of single cancer 
cells. In the study by Layfield et al (1995), half of the patients with “low-grade dysplasia” and 
nearly all patients with “high-grade dysplasia” showed evidence of pancreatic cancer. Thus, we 
believe that the introduction of the term “dysplasia” in pancreatic cytology is not helpful. 

The important features in differentiating between benign duct cells and cells of well- 
differentiated adenocarcinoma are summarized in Table 39-3. 

Moderately and Poorly Differentiated Ductal Carcinoma 
Histology 

In tissue sections of a moderately differentiated pancreatic duct carcinoma, much of the 
tumor is composed of neoplastic 
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glands and complex tubular or acinar structures, which are usually surrounded by dense 
connective tissue stroma (Albores-Saavedra et al, 1999). The cells lining the glands are 
much larger than normal ductal cells, have high nucleocytoplasmic ratios and loss of 
polarity, and thus are easily recognizable as malignant, in contrast to well-differentiated 
carcinoma or chronic fibrosing pancreatitis (Fig. 39-1 ID). Perineural invasion is common in 
carcinoma, as are mitoses and necrotic debris in the lumens of neoplastic glands. The tumor 
may be surrounded by a broad zone of chronic pancreatitis that may be the target of a 
misplaced FNA, leading to a “false-negative diagnosis.” 




Figure 39-10 Ductal adenocarcinoma, well-differentiated type. A. Cell cluster with 
nuclear crowding and pleomorphism. Note the presence of nucleoli. B. Histology of the 
tumor shown in A (peritoneal implant biopsy). C,D. An extremely well-differentiated ductal 
adenocarcinoma mimicking benign ductal epithelium. The cell cluster in C mimics benign 
ductal epithelium, except for the nuclear hyperchromasia and nucleoli. D. Loosely 
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arranged, enlarged, granular nuclei, some containing small nucleoli. Very subtle nuclear 
contour abnormality and inconspicuous nucleoli are the key to the diagnosis. 



The relatively uncommon poorly differentiated tumors are composed of glands, and solid 
sheets and cords of tumor cells (Albores-Saavedra et al, 1999). The cancer cells composing 
these tumors are pleomorphic and may form abortive glands (Fig. 39-1 2B). 

Cytology 

In FNA smears, the cells of moderately differentiated pancreatic carcinoma are easily 
recognized as malignant. The comparison of these cells with fortuitous normal ductal cells in 
the same smear enhances the differences (Fig. 39-11 A). Most of the tumor cells show some 
evidence of glandular or acinar differentiation in the form of cohesive or three-dimensional, 
smooth-edged cell clusters and transparent and sometimes vacuolated cytoplasm (Fig. 39-1 IB). 

Most of the large nuclei are relatively uniform and ovoid in shape, with large, prominent 
nucleoli. However, scattered markedly enlarged pleomorphic nuclei, often stripped of 
cytoplasm or surrounded by cytoplasmic debris, are often seen (Fig. 39-1 1C). Nuclear 
crowding, molding, and overlapping are common features in cell clusters. 

Poorly differentiated duct carcinomas are characterized by loosely structured cell clusters 
and dispersed, highly pleomorphic, sometimes multinucleated malignant cells of 
variable size and nuclear and nucleolar configuration (Fig. 39-1 2AB). However, when the 
multinucleated giant cancer cells form the predominant cell population, a diagnosis of 
anaplastic carcinoma of giant-cell type should be considered (see below). The correlation 
of cytology and histology in this group of tumors is poor because many of these patients are 
considered inoperable once the aspirate confirms the clinical suspicion of cancer. 

With the use of multivariate logistic-regression analysis, 
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Robins et al (1995) examined 19 cytologic criteria that are helpful in interpreting FNAsmears in 
pancreatic adenocarcinoma. Nuclear crowding and overlapping, nuclear contour 
abnormality, and irregular chromatin distribution were considered the key criteria of 
diagnosis. Nuclear enlargement, single epithelial cells, necrosis, and mitotic activity 

were listed as the second tier of diagnostic criteria. The application of these criteria resulted in 
a diagnostic improvement in 70% to 100% of pancreatic cancers. We consider the presence of 
clearly visible nucleoli to be an important diagnostic criterion in the diagnosis of pancreatic 
duct carcinoma. Still, the FNAsmears in pancreatic cancer 
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do not always conform to established patterns. Experience in interpreting this material is 
essential. 
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Figure 39-11 Moderately differentiated ductal adenocarcinoma. A Benign ductal cells 
(top right) in marked contrast to abnormal cells from moderately differentiated ductal 
adenocarcinoma. B. Cohesive and three-dimensional groups of large glandular cells with 
transparent and vacuolated cytoplasm, nuclear pleomorphism, and prominent nucleoli. C. 
Pleomorphic single cancer cells stripped of cytoplasm, surrounded by cytoplasmic debris, 
are an indication of less well-differentiated adenocarcinoma. D. Histology of the moderately 
differentiated ductal adenocarcinoma. 



TABLE 39-3 PRINCIPAL FEATURES DIFFERENTIATING BENIGN BUT ATYPICAL 
DUCTAL EPITHELIAL CELLS FROM WELL-DIFFERENTIATED PANCREATIC DUCT 

CARCINOMA 



Benign Ductal Cells Well-Differentiated Carcinoma 



Number of 
clusters 


Few 


Often numerous 


Configuration 
of clusters 


Compact monolayer with 
uniformly spaced nuclei 
(polarity maintained) 


Compact monolayer with some 
nuclei in touch with each other 
(loss of polarity) 


Size of 
cells/nuclei 


Normal 


Enlarged (twice the normal size) 


Nuclear 

membrane 


Smooth 


Irregular 


Nucleoli 


Tiny, barely visible 


Small, sometimes multiple readily 
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visible 



Single large, Absent Present 

abnormal 

cells 



Individual Absent or rare in chronic Often present 

cells with pancreatitis 

mucin 

vacuole 




Figure 39-12 Poorly differentiated ductal adenocarcinoma. A. Highly pleomorphic 
malignant cells with transparent cytoplasm and prominent nucleoli. B. Histology of a poorly 
differentiated adenocarcinoma forming abortive glands. 



Variants of Duct Carcinoma 
Undifferentiated (Anaplastic) Carcinoma 

There are two distinct histologic variants of anaplastic or undifferentiated pancreatic carcinoma: 
a giant-cell type and small-cell type. These tumors constitute 2% to 7% of ductal 
carcinomas. Both tumor types are highly aggressive, with a median survival of only 2 months 
(Hamilton, 2000). 

Giant-Cell Variant of Undifferentiated (Anaplastic) Carcinoma 
The giant-cell variant has been variously called pleomorphic carcinoma, sarcomatoid 
carcinoma, or spindle and giant-cell carcinoma. Immunohistochemical studies have 
demonstrated its epithelial origin, partially with mesenchymal differentiation (Hoorens et al, 
1998). The distribution by age and sex is similar to that of ductal cancers. However, the tumor 
is larger in size at the time of diagnosis (median diameter = 11 cm) and more often is 
located in the body or tail of the pancreas (Cubilla and Fitzgerald, 1984). On gross 
examination, hemorrhage, necrosis, and cystic degeneration are common, and extensive nodal 
metastases are usually present. 

Histology 
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The histology is that of a clearly malignant tumor with variable numbers of pleomorphic tumor 
giant cells and spindle cells with scanty supporting stroma, sometimes with a striking 
inflammatory cell infiltrate. The giant cells have multiple hyperchromatic nuclei and 
prominent nucleoli. Spindle cells may occasionally constitute virtually all of the tumor, which 
may be mistaken for a sarcoma. When multiple sections of anaplastic carcinoma are examined, 
areas of ordinary ductal adenocarcinoma with evidence of intracytoplasmic mucin production 
are nearly always found. 

Cytology 

The cytology of the giant-cell carcinoma is quite distinctive. The aspirate is composed of many 
dispersed, huge, multior mononucleated tumor cells in a richly cellular smear (Fig. 39- 
13A,B). The background may include inflammatory cells. Sometimes spindle cells predominate. 

The tumor cells may have a thick, well-defined eosinophilic cytoplasm that is suggestive of 
keratinization (Fig. 39-1 3C). A metastatic giant-cell carcinoma of the lung to the pancreas 
has an identical cytomorphology but a different clinical presentation, with a pulmonary mass. 

Giant-cell tumors of other organs, such as the thyroid and malignant fibrous histiocytoma, must 
also be considered in the differential diagnosis. 

Carcinoma With Osteoclast-Like Giant Cells 

Carcinoma with osteoclast-like giant cells is an extremely rare pancreatic cancer in which 
osteoclast-like multinucleated giant cells are numerous. These cells are most likely reactive 
and not neoplastic, and are usually, but not always, concentrated near regions of hemorrhage, 
osseous metaplasia, or calcification. In aspiration smears, this tumor is characterized by the 
presence of osteoclast-like giant cells with numerous small nuclei of approximately 
equal sizes, next to more conventional mono- and multinucleated cancer cells (Koss et 
al, 1992). A few such cases have been reported in the cytologic literature (Walts, 1983; Manci 
et al, 1985). The immunocytologic features and the differential diagnosis of these rare tumors 
were discussed by Mullick and Mody (1996). 

Small -Cell Variant of Undifferentiated (Anaplastic) Carcinoma 
Histology 

The small-cell variant of pancreatic carcinoma, sometimes called round-cell anaplastic-type 
carcinoma, is exceedingly rare (< 1%) and the histology is identical to that of small-cell 
carcinoma of the lung (see Chap. 20 and Fig. 39-14C). Small-cell lung cancer with 
metastases to the pancreas is by far more common than a primary pancreatic tumor of this 
type, and should be the first diagnostic choice until proved otherwise, particularly in patients 
with evidence of a lung lesion. 

P.1444 
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Figure 39-13 Undifferentiated (anaplastic) carcinoma. A,B. Giant-cell variant. The 
aspiration smear contained very large, dispersed, and pleomorphic malignant cells, some 
of which were multinucleated. C. Spindle cell variant. Many of the multinucleated 
pleomorphic cancer cells are spindly and have an eosinophilic cytoplasm, suggestive of 
keratin formation. (, B : Diff-Quik.) 




Figure 39-14 Undifferentiated (anaplastic) carcinoma, small-cell variant. A,B. 
Dispersed small malignant cells with scanty cytoplasm, nuclear molding, and single cell 
necrosis. This diagnosis can be made only in the absence of a pulmonary primary cancer 
(see text). C. A needle core biopsy of the pancreas confirmed a small-cell variant of 
undifferentiated carcinoma. The nuclear DNA lacing a vessel (Azzopardi phenomenon) is 
rare but characteristic. 
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Cytology 

The tumor sheds sheets of small cancer cells with very scanty cytoplasm. Necrosis of the tumor 
cells is common (Fig. 39-1 4A). When they are well preserved, the tumor cells form single files 
with nuclear molding (Fig. 35-14B). The differential diagnosis includes malignant lymphoma and 
neuroendocrine carcinoma of the pancreas. It is usually possible to distinguish between these 
tumor types based on cytologic features (see below). If the tumor type is in doubt, and 
additional smears or cell blocks are available, specific immunocytochemical stains for 
lymphocytes (CD-45) and neuroendocrine carcinoma (such as chromogranin) are of diagnostic 
value. 

Adenosquamous and Squamous Carcinoma 

Adenosquamous carcinoma is a rare variant of pancreatic ductal carcinoma that occurs in 
3% to 4% of patients with pancreatic carcinoma (Cubilla and Fitzgerald, 1984). The tumor is 
characterized by the synchronous presence of poorly formed glands and islands of 
squamous cancer cells in varying proportions (Fig. 39-1 5B). 

In FNAsmears, these tumors are often diagnosed as poorly differentiated ductal carcinoma 
(described above) because the squamous component is either absent or very scanty. 
When present, the cells of the squamous component usually have the features of a well- 
differentiated squamous cancer, with hyperchromatic, pyknotic and angulated nuclei, and 
dense, sometimes keratinized cytoplasm (Fig. 39-1 5A). 

Primary pure squamous cell carcinoma of the pancreas is exceedingly rare. This 
diagnosis can be considered only after metastases from lung, esophagus, and head and neck 
sites have been ruled out. The cytology is clearly that of a squamous carcinoma, and the 
tumor cells may be highly pleomorphic and spindly. 

Other Uncommon Variants of Ductal Carcinoma 

Colloid (mucinous noncystic) carcinoma, also referred to as a gelatinous carcinoma, is 

classified as a separate entity in histopathologic classifications (Kloppel et al, 1996; Hamilton 
and Aaltonen, 2000). These very uncommon pancreatic tumors are similar to ductal carcinomas 
in terms of age and sex distribution. Histologically, this tumor is identical to tumors of the 
stomach and other organs, and is characterized by isolated cells and groups of vacuolated 
cells floating in pools of mucin. Pseudomyxoma peritonei has been described as a 
complication of this tumor (Chejfec et al, 1986). The cytologic presentation is similar to colloid 
carcinoma of the breast and stomach (see Chaps. 24 and 29). Three-dimensional groups of 
vacuolated cells float in abundant mucin with a clean background (Fig. 39-1 6AB). It may not be 
possible to distinguish between frankly malignant intraductal papillary cystic tumors and 
mucinous cystadenocarcinoma in FNA material. 
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Figure 39-15 Adenosquamous carcinoma. A Poorly differentiated adenocarcinoma and 
less cohesive keratinizing small squamous cancer cells are adjacent to each other. B. 
Histology of an adenosquamous carcinoma. 



Signet ring cell carcinoma of the pancreas is extremely rare (Solcia et al, 1997). Ametastasis 
from a gastric primary must be considered before this diagnosis is made (see Chap. 24 for a 
description of cytology of signet ring carcinoma). 

Cubilla (1984) and Kanai (1987) described primary clear-cell carcinoma of the pancreas. In a 
recent case seen by us, a multifocal clear-cell carcinoma involving the pancreas proved to be 
metastatic renal carcinoma (see Chap. 40). The patient had undergone a left nephrectomy 
for clear-cell carcinoma 2 years earlier and developed pancreatic metastasis soon after. 

Oncocytic carcinoma is an exceptional form of ductal carcinoma that was first described by 
Huntrakoon (1983). It is not clear whether this clearly malignant tumor is somehow related to 
the endocrine tumors with an oncocytic component (Radi et al, 1985). The solid tumor is 
composed of large cells with markedly eosinophilic and granular cytoplasm that on 
electron microscopy shows the presence of packed mitochondria (Thompson et al, 1998). 

Several descriptions of the cytologic presentation of primary and metastatic tumors with 
oncocytic features (some expressing endocrine markers) have been published. The cytologic 
presentation of oncocytes is repeatedly discussed in the appropriate chapters (also see below). 

Ancillary Tests for the Diagnosis of Pancreatic Duct Carcinoma 
Pinto et al (1997) documented that mutations of the Kiras gene, as determined by 
polymerase chain reaction 

P.1446 

(PCR), combined with elevated levels of carcinoembryonic antigen, as determined by 
radioimmunoassay, were practically diagnostic of pancreatic carcinoma, even in FNAs that were 
not conclusive. 
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Figure 39-16 Colloid (mucinous noncystic) carcinoma. A,B. Papillary clusters of 
malignant glandular cells floating in a pool of mucin. These tumors are often reported as 
papillary mucinous adenocarcinomas. 



As of this writing, no specific immunohistochemical or serological marker for pancreatic 
carcinoma is available. 

Acinar Cell Carcinoma 

The acini accounts for 80% of the pancreatic mass. However, acinar cell carcinomas are rare, 
comprising no more than 1% to 2% of all pancreatic neoplasms (Klimstra et al, 1992; Hoorens 
et al, 1993). They occur at any age, the median being 51 years, with a slight male 
preponderance. The symptoms are nonspecific. Rarely, acinar cell carcinoma is functional, 
causing disseminated fat necrosis, polyarthralgia, and eosinophilia resulting from the release of 
pancreatic digestive enzymes (MacMahon et al, 1965). The prognosis is poor, with a 10% 5- 
year survival (Klimstra et al, 1992; Hoorens et al, 1993). 

Histology 

The histology of acinar cell carcinoma is distinctive, with either an acinar pattern, resembling 
normal pancreatic acini, or a solid pattern, mimicking the solid variant of endocrine tumors of 
the pancreas (Fig. 39-1 7D). 

Cytology 

FNA cytology of these uncommon tumors is similar to that of acinic cell carcinoma of the 
salivary glands (see Chap. 32), and is characterized by the presence of cohesive groups of 
uniform, small tumor cells with granular eosinophilic to purple cytoplasm forming 
imperfect acini (Fig. 39-1 7A-C). Cytoplasmic granules may be better documented in air-dried 
smears stained with one of the hematologic stains (Samuel and Frierson, 1996). There is a 
striking resemblance to normal acinar cells. However, the tumor cell nuclei are larger, more 
crowded, and may contain visible nucleoli. The aspirate is generally devoid of ductal cells. 
Immunocytochemical stain for trypsin is usually positive, whereas mucin stain is 
negative. These two features are helpful in distinguishing acinar cell carcinoma from ductal 
and endocrine tumors. Labate et al (1997) compared the cytology of acinar carcinoma with that 
of islet cell tumors, and, predictably, found very limited similarity between the two. 
Pancreatoblastoma, an extremely uncommon tumor that occurs mainly in children, is the only 
other pancreatic tumor that is somewhat similar in morphology to acinar carcinoma (see below). 

ENDOCRINE TUMORS OF PANCREAS (ISLET CELL TUMORS AND CARCINOIDS) 

Islet cell tumors are comparatively rare pancreatic neoplasms that are most commonly, but not 
exclusively, located in the body or tail of the pancreas. Because of their unpredictable 
behavior, the term pancreatic endocrine neoplasm has been widely embraced. They occur in 
all age groups, can be multiple, and account for 2% to 3% of all pancreatic neoplasms (Solcia 
et al, 1997). However, clinically occult, usually small islet cell tumors are found in about 1% of 
pancreases examined at autopsy (Mukada and Yamada, 1982). The endocrine tumors may be 
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solid or, rarely, cystic. They may arise from any of the subtypes of islet cells and may be 
hormonally active. The syndromes associated with pancreatic endocrine neoplasms are listed 
in Table 39-4. These tumors may also produce adrenocorticotropic hormone (ACTH), 
parathyroid-like hormone, calcitonin, growth hormone-releasing hormone, and human 
chorionic gonadotropin (Wilson et al, 1991). Metastases to the pancreatic lymph nodes, 
liver, and other organs may be seen at the time of diagnosis, but even then the tumors may 
behave in an indolent fashion, with longterm survival. 

In patients with multiple endocrine neoplasia (MEN) type I, it is not uncommon for islet cell 
tumors to be associated with endocrine neoplasms of other organs, such as pituitary and 
parathyroid adenomas, and, less commonly, the thymus, lung, thyroid gland, and adrenal gland 
(Donow et al, 1991 ). 

P.1447 

For further discussion of MEN, see Chapter 7 and chapters discussing endocrine neoplasms of 
other organs. 




Figure 39-17 Acinar cell carcinoma. A-C. Cohesive groups of small, uniform cells poorly 
forming acini. The cytoplasm is delicate and transparent. Compare with Figure 39-2C.D. D. 
Histology of the same tumor. The similarity of the tumor to normal acini is striking. This 
tumor was metastatic to the omentum. (C: Diff-Quik.) 



Histology 

Three principal microscopic patterns are seen singly or in combination: the solid or diffuse 
pattern, the ribbon-like or trabecular pattern (gyriform pattern), and the acinar or 
rosette-like pattern (glandular pattern) (Figs. 39-1 8D and 39-1 9C). Numerous capillary 
blood vessels are closely associated with tumor cells. Connective tissue septa usually 
subdivide these tumors into distinct territories. Because of their extensive vascular network, 
necrosis is very rare, even when these tumors are relatively large in size. Attempts have 
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been made to correlate the microscopic features of these tumors with their hormonal activity, 
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with only moderate success (Oertel et al, 1999). Regardless of the histologic pattern, the vast 
majority of tumor cells in a given tumor are uniform in appearance and composed of cuboidal 
and sometimes spindly small- to medium-sized cells, measuring 15-20 pm in diameter. 

Rarely, scattered single large cells with large hyperchromatic atypical nuclei occur 
among the small tumor cells (Fig. 39-20D). Electron microscopy demonstrates dense core 
cytoplasmic neurosecretory granules. With the use of special stains, specific secretory products 
(e.g., insulin and gastrin) may be documented in islet cell tumors (Table 39-4). 



TABLE 39-4 ISLET CELL TUMORS AND ASSOCIATED CLINICAL SYNDROMES 


Type of 
Cell 


Hormone Produced 


Clinical Manifestation 


Alpha 
(a) cells 


Glucagon (glucagonoma) 


Hyperglycemia 


Beta (P) 
cells 


Insulin (insulinoma) 


Hypoglycemia 


Delta 
(5) cells 


Somatostatin 

(somatostatinoma) 


Usually nonfunctioning 


G cells 


Gastrin (gastrinoma) 


* 

Zollinger-Ellison syndrome (intractable 
gastric/duodenal ulcer) 


VIP 

cells 


Vasoactive intestinal 
polypeptides (vipomas) 


Severe watery diarrhea 


PP cells 


Pancreatic polypeptides 


Rarely produce symptoms 


* 

May also be caused by nests of endocrine cells located in the gastric antrum and 
duodenal mucosa (Bhagavan et al. Arch Pathol 98:217-222, 1974). 
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Figure 39-18 Neuroendocrine tumor of the pancreas. A,B. Small, well-preserved 
monomorphic cells anchoring on thin-walled branching vessels. C. Uniform, dispersed, 
ovoid small cells with scanty cytoplasm and “salt and pepper” chromatin. Note the 
eccentric position of the nuclei in many of the tumor cells. D. Histology with an acinar and 
rosette-like pattern. 



Pancreatic carcinoid tumors, which arise from the neuroendocrine (Kulchitsky) cells in the 
base of the pancreatic ductal mucosa, are identical to islet cell tumors (Lozowski et al, 1979; 
Khorsand et al, 1987). The carcinoid tumors are strongly argyrophilic (e.g., positive Grimelius 
stain) and show chromogranin granules (see Fig. 39-1 9B). Serotonin may be documented in 
the cytoplasm of these tumor cells, and may cause carcinoid syndrome. 

Endocrine Tumors With an Oncocytic Component 

As in the lung, carcinoid tumors with a prominent oncocytic component have been 
described (Radi et al, 1985). In some cases, the oncocytic component is dominant and the 
tumors are classified as oncocytomas that express endocrine function (Nguyen et al, 

1992; Pacchioni et al, 1994). It is not clear whether these tumors are related to the oncocytic 
type of ductal carcinoma, but some of them may form metastases. 

Cytology 

As a rule, aspirates of pancreatic endocrine tumors are richly cellular, yielding numerous 
dispersed, predominantly monomorphic cells that appear singly or form small, loosely 
structured groups, chains, or rosette-like clusters (see Figs. 39-18, 39-19 and 39-20). The 
background of the smears is usually clean and free of necrotic material or cell debris. Tumor 
cells may be observed anchoring on thin-walled branching blood vessels (see Fig. 39- 
18A.B). This feature, when present, is helpful in distinguishing pancreatic endocrine tumors 
from metastatic small-cell lung cancer, lymphomas, and other small-cell malignant tumors, which 
are not particularly rich in capillaries. On the other hand, a solid pseudopapillary tumor of the 
pancreas may be rich in capillary vessels in aspirated samples (see below and Fig. 39-21 A, B). 

The tumor cells are generally small (about three times 
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the size of lymphocytes) and usually show little pleomorphism (see the exception below). 

The tumor cells are uniformly well preserved (unlike lymphoma and small-cell carcinoma), 
are usually round, oval, or polygonal, and rarely cylindrical. The faintly eosinophilic or 
basophilic cytoplasm is usually scanty but clearly visible. The nuclei of pancreatic 
neuroendocrine carcinoma are spherical, show a “salt and pepper,” finely granular texture, 
and small but clearly visible, usually single nucleoli. There is no nuclear molding. 

Eccentric location of the nuclei within the oval cytoplasm is commonly seen, giving some of 
these cells a “plasmacytoid” appearance that in some cases may be pronounced (see Fig. 39- 
19A). Still, the configuration of the tumor cells and the presence of nucleoli are not consistent 
with a plasmacytoma. Although nuclear sizes may differ from tumor to tumor, the hallmark of 
these tumors is the uniformity in the size and shape of the nuclei in any given tumor. Mitotic 
figures are very rare. The presence of tumor necrosis and numerous mitotic figures is not 
consistent with an endocrine tumor because these features are more likely to be seen in 
anaplastic (small-cell) carcinoma, as described above. Stellate, crystal-like deposits of 
amyloid may be observed in some tumors (Tischler and Campagno, 1979); however, their 
presence in cytologic material has not yet been reported. 




Figure 39-19 Neuroendocrine tumor. A Neuroendocrine tumor with a plasmacytoid 
appearance of the large cells. The cytoplasm is abundant, pink, and granular. The nuclei, 
with prominent nucleoli, are eccentric in position. B. The positive chromogranin stain in 
cytologic smear confirms the diagnosis of a neuroendocrine tumor. C. Histology of a 
neuroendocrine tumor with a solid or diffuse pattern. 



In a case of neuroendocrine carcinoma described by Koss et al (1992), the smears contained 
scattered, giant cells, some of which had markedly hyperchromatic, opaque large 
nuclei (see Fig. 39-20C). Similar cells were observed in the tissue sections of the resected 
tumor (see Fig. 39-20D). The presence of scattered, markedly abnormal, large cells may also 
be observed in other endocrine tumors, such as medullary carcinoma of the thyroid, carotid 
body tumors, or carcinoids. Their presence has no bearing on the behavior of the tumor or 
prognosis. The principal features of endocrine tumors are summarized in Table 39-5. 
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We have observed an example of a slowly growing cystic endocrine tumor of the 
pancreas. Several aspirates of cyst fluid were noncontributory. Finally, the diagnosis could 
be established by an aspiration of the wall of the cyst, an essential procedure in FNA 
of cystic lesions that do not collapse after aspiration. 

Several descriptions of the cytology of endocrine pancreatic carcinomas with an oncocytic 
component have been published (Bondeson et al, 1990; Nguyen-Ho et al, 1994; Pacchioni et 
al, 1996; Thompson et al, 1998). The presence of large eosinophilic cells with dense 
nuclei and markedly eosinophilic, granular cytoplasm is the hallmark of these tumors. 

Similar tumors may be observed in the lung (see Chap. 20). Benign oncocytomas are observed 
in many other organs, as discussed in Chapters 30, 32, and 40. However, the pancreatic 
tumors of this type are malignant and fully capable of metastasizing (Thompson et al, 

1998). 

The differential diagnoses of pancreatic neuroendocrine tumor in metastatic sites, such as 
liver or lymph nodes, must include morphologically identical intestinal and pulmonary carcinoids. 

In a functioning islet cell tumor, immunocytochemistry 

R1450 

performed for specific hormones on cell blocks or smears is usually rewarding and correlates 
well with the patient's symptoms (see Table 39-4). Otherwise, the differential diagnosis must be 
based on clinical and radiologic findings, which are always helpful in difficult diagnostic 
situations. 




Figure 39-20 Neuroendocrine tumor with giant cells. A,B. Small rosettes and isolated 
plasmacytoid cells are seen. C. A group of markedly enlarged cells with very large, opaque 
nuclei is seen. Typical small tumor cells are seen in the background. D. Histology of the 
same tumor with an acinar pattern containing giant cells. 



Islet cell hyperplasia may be functionally active, but rarely forms visible or palpable tumors. In 
the exceptional cases of this entity reported in the cytologic literature, hyperplasia could not be 
distinguished from islet cell tumor (Nguyen, 1986). Endocrine tumors of the pancreas must be 
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distinguished from acinar cell carcinoma, pancreatoblastoma, anaplastic small-cell 
carcinoma, malignant lymphomas, and small-cell tumors metastatic to the pancreas. 

Excellent preservation of tumor cells (which is veryunusual in other pancreatic tumors), a 
positive immunohistochemical stain (e.g., chromogranin on a smear or cell block), or, in some 
cases, electron microscopy can corroborate the diagnosis of endocrine tumor of the pancreas. 

Excellent diagnostic results with transcutaneous or intraoperative cytologic recognition of 
endocrine tumors of the pancreas have been reported by al-Kaisi et al (1992), Saleh et al 
(1996), and Collins and Cramer (1996), corresponding with personal experience (Koss et al, 
1992). 



RARE EPITHELIAL NEOPLASMS 



Solid Pseudopapillary Tumor 

Although the solid pseudopapillary tumor is relatively rare, this is an interesting low-grade 
pancreatic carcinoma of unknown origin, with a unique cytomorphology. The tumor is also 
called solid and cystic-papillary epithelial neoplasm (SPEN), Gruber-Frantz tumor, and 
papillary cystic neoplasm. These tumors account for less than 3% of all nonendocrine 
pancreatic tumors (Morohoshi et al, 1983). The tumor usually affects young women in their 
twenties, although we have seen such a tumor in a teenage girl. Clinically, most patients 
present with vague upper-abdominal pain and a palpable mass. At the time of presentation, 
these tumors are large, with an average diameter of 11 cm, and most occur in the body and tail 
of the pancreas. Rarely, this tumor has been seen in an extrapancreatic location (Kloppel et al, 
1991). Neither on gross examination nor on review of imaging studies do these tumors appear 
overtly cystic. Typically, they are encapsulated and soft, with a variegated tan cut surface 
showing cystic foci, hemorrhage, and necrosis. They are easily resectable and offer an 
excellent prognosis. Local invasion and infiltration of the capsule may occur, and while distant 
metastases are uncommon, some 



such cases have been reported (Capallari et al, 1990; Harisawa et al, 1995). 
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cells attached to cores of fibrovascular connective tissue (compare with Fig. 39-1 7A,B). B. 

The large tumor cells have long cytoplasmic processes with bland nuclei, some showing 
longitudinal grooves. C. Cell block stained with periodic acid-Schiff reagent (PAS) shows 
hyaline globules. D. Histology of the same tumor showing papillary features. 



Histology 

Microscopic examination reveals a variety of patterns: solid papillary, trabecular, and cystic. 
The neoplastic cells are relatively uniform throughout the tumor, with long unipolar 
cytoplasmic processes anchoring to capillaries or forming pseudo-rosettes (Fig. 39- 
21D). 



TABLE 39-5 ESSENTIALS OF THE CYTOLOGIC DIAGNOSIS OF ENDOCRINE TUMORS 

OF THE PANCREAS 

Dispersed tumor cells of medium size 

Extreme uniformity of nuclei, with rare exceptions (giant nuclei may occur) 

“Salt and pepper” chromatin 

Sometimes plasmacytoid appearance 

Absence of necrotic/pyknotic cells and nuclear molding 

Positive endocrine stains (Grimelius or chromogranin) or ultrastructural evidence of 
neurosecretory granules 

The oncocytic variant yields varying numbers of cells with granular eosinophilic 
cytoplasm, resembling Hurthle cells 



Cytology 

This unique and uncommon tumor has attracted a great deal of attention, as evidenced by 
numerous published case reports describing its unique histology and cytology (Aim et al, 1981; 
Bondeson et al, 1984; Chen et al, 1986; Foote et al, 1986; Frias-Hidvegi, 1988; Katz and Eyha, 
1990; Jayaram et al, 1990; Mendonca, 1991; Geisingerand Silverman, 1992; Mandrekar et al, 
1997). The FNA smears are often richly cellular, and at low magnification may show 
numerous uniform tumor cells attached to cores of fibrovascular connective tissue (Fig. 39- 
21 A). This is the cytologic counterpart of the papillary fronds seen in histologic sections. This 
cell arrangement shows some similarity with neuroendocrine tumors of the pancreas. On closer 
scrutiny, however, the smears show much larger uniform tumor cells with bland nuclei, 
sometimes with longitudinal grooves and elongated cytoplasmic processes (Fig. 39- 
21 B). Kashima et al (1997) observed the presence of multinucleated giant tumor cells in 
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one of their cases. Cytoplasmic hyaline globules, which stain with periodic-acid-Schiff 
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(PAS), and antibodies to alpha-1 -antitrypsin and alpha-1 -antichymotrypsin may be 

observed (Fig. 39-21C). Remadi et al (1996) also reported a strong reaction of tumor cells with 
antibody to progesterone. Rarely, the cytoplasm contains clear vacuoles that do not contain 
mucin. Areas of cystic degeneration in the tumor are represented by foamy macrophages, giant 
cells, and debris. 

Rarely, metastases do occur, and have been reported to show more cytologic atypia, including 
bizarre tumor cells and an increased mitotic rate (Cappellari et al, 1990). 

Pancreaticoblastoma 

Pancreaticoblastomas, also known as infantile adenocarcinomas of the pancreas, are 
uncommon tumors that occur mainly in infants and children, but also in adults (Klimstra et al, 

1995). Histologically, the tumors are composed of uniform, small epithelial cells arranged in 
sheets and nests with well-formed acinar structures and rosette formation, suggestive of 
endocrine differentiation, which can be confirmed by neuroendocrine stains. The tumor cells, 
which contain eosinophilic or amphophilic cytoplasm, have central round or ovoid nuclei with 
visible nucleoli. When the differentiation is acinar, the usually cells contain cytoplasmic 
zymogen granules. Lipase, trypsin, and chymotrypsin have also been detected. Squamoid 
corpuscles, composed of whorls of spindly, immature squamous cells, may be present. 

The differential diagnosis includes other childhood blastomas, particularly Wilm's tumor arising 
from the left kidney. In adults, pancreatoblastoma may be difficult to distinguish from 
endocrine tumor of the pancreas or acinar cell carcinoma without special stains. 

We have no personal experience with an aspirate of this rare childhood pancreatic tumor. 

However, the FNA cytology of one such tumor (in a 4-year-old boy) was described in great 
detail by Silverman et al (1990). In keeping with the histologic findings, the tumor cells were of 
oval configuration with granular cytoplasm and nuclei with finely granular chromatin and 
small nucleoli. Triangular and spindly cells were also seen, as well as abundant stromal 
fragments. Some of the cells formed acinus- and rosette-like structures. The dual 
exocrine and endocrine differentiation of the tumor was confirmed by ultrastructural and 
immunocytochemical studies. If such a cytologic pattern is observed in a child or young adult, it 
is likely that a cytologic diagnosis can be established. In an adult, the possibility of an 
endocrine neoplasm would have to be considered. 




Figure 39-22 Metastatic tumors to the pancreas. A. High-grade lymphoma. Dispersed 
cells with convoluted nuclei and prominent nucleoli. B. Metastatic renal cell carcinoma of 
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the clear-cell type (see text). 



PRIMARY MALIGNANT LYMPHOMAS 

Primary malignant lymphoma of the pancreas is a rare disease, and only a handful of such 
cases have been recorded (Tuchek et al, 1993; Ezzat et al, 1996). Nearly all of these tumors 
are non-Hodgkin's lymphomas that may, clinically and on imaging, mimic primary 
carcinomas. A correct diagnosis can be life-saving and make an enormous difference in 
prognosis because these lymphomas show good response to chemotherapy (Fisher and 
Kabakow, 1987; Tuchek et al, 1993; Ezzat et al, 1996). Because of the rarity of primary 
pancreatic lymphomas, particularly in comparison with the much higher frequency of 
metastatic lymphomas, the cytologic experience apparently is limited to one case report of a 
large B-cell primary lymphoma, in which the diagnosis was established by transcutaneous FNA 
supplemented by immunocytologic analysis (Faulkner et al, 1998). The case was instructive 
because the tumor (in a 72-year-old man) was located in the head of the pancreas and caused 
obstructive jaundice, thus mimicking primary carcinoma of the head of the pancreas. The 
cytology of a metastatic lymphoma is illustrated in Figure 39-22Aand also described in Chapter 
31. 

METASTATIC TUMORS TO THE PANCREAS 

Metastatic cancers account for approximately 3% to 16% of all pancreatic malignant tumors 
(Matsukuma et al, 1997; Lampert et al, 1999). Metastases can occur from a wide 



range of sources, many of which are listed in Table 39-6. Malignant lymphoma may spread to 
peripancreatic lymph nodes and pancreas (see above). Benning et al (1992) pointed out that 
many of these metastatic tumors may resemble primary carcinoma of the pancreas. An 
example of metastatic renal carcinoma mimicking a clear-cell type of pancreatic duct carcinoma 
is shown in Figure 39-22B. Knowledge of the patient's history is extremely helpful in making the 
correct diagnosis. 



TABLE 39-6 COMMON SOURCES OF VARIOUS CELL TYPES IN METASTATIC 



P.1453 



CANCER 



Cell Types Possible Primary Source Other Than the Pancreas 



Squamous Lung, head and neck, esophagus, cervix 



Small cell 



Lung, lymphoma, rhabdomyosarcoma, carcinoids 



Clear cell 



Kidney 



Giant cell 



Lung, thyroid, non-epithelial malignancy 



Signet-ring cell Stomach 
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Figure 39-23 Metastatic rhabdomyosarcoma from the atrium of the heart of a 74- 
year-old patient. A The aspiration smear shows a loose cluster of malignant cells with 
eosinophilic cytoplasm. B. Some of the tumor cells show a peripheral nucleus in cells with 
intensely eosinophilic cytoplasm, reminiscent of rhabdomyoblasts. C,D. Needle core biopsy 
of the heart with positive myoglobin stain in D, confirming the diagnosis of 
rhabdomyosarcoma. 



The most difficult to recognize metastatic tumors to the pancreas are metastases from 
carcinomas of the gall bladder and extrahepatic biliary tract, because their morphology is 
identical to that of pancreatic ductal carcinoma. The presence of multiple tumor nodules, rather 
than a single lesion, an the absence of chronic pancreatitis are in favor of a metastasis. 

Unusual cell types encountered in aspirate smears of pancreas must prompt the question of 
organ of origin of these cells. Khalbuss et al (1999) have reported, from our institution, 
pancreatic metastasis from cardiac rhabdomyosarcoma, diagnosed by FNAof the left atrium in 
a 74-year-old woman (Fig. 39-23). The readers are referred to the appropriate chapters for 
discussion of the cytology of the various tumor types. Warranting a mention is ectopic 
pancreas, which may be mistaken for a metastatic tumor (Sams et al, 1990). 

RESULTS AND CONCLUSIONS 
Percutaneous FNA 

Earlier reports showed that adequate diagnostic material was obtained in 60% to 90% of cases 
of pancreatic carcinoma 

P.1454 

(Goldstein et al, 1977; Tao et al, 1978; Itoh etal, 1979; Kolins etal, 1981; Mittyetal, 1981). 

Some of the early observers reported low sensitivity of the procedure (Alpern et al, 1985; 

Soudah et al, 1989). Somewhat better results were subsequently reported (Ekberg et al, 1988; 
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Welch et al, 1989; Robins et al, 1995). The results of transcutaneous aspiration for the 
diagnosis of pancreatic carcinoma are more accurate than those of pancreatic duct brushings 
(Layfield et al, 1995). Robins et al (1995) established a series of major and minor criteria for 
diagnosing ductal carcinoma that improved the recognition of pancreatic adenocarcinoma from 
70% to 90%. The key problem is the difficulty of recognizing low-grade duct carcinoma (see 
above). Yang et al (1994) used Diff-Quik-stained smears to measure the diameter of the nuclei 
in various lesions, such as islet cell tumors and pancreatic carcinomas. Such measurements 
rarely help an experienced observer. 

Some of the reasons for poor performance of the percutaneous FNAof the pancreas are 
as follows: 

■ The lesion is missed because of imprecise localization and/or incorrect placement of 
the needle. 

■ Too much suction is applied, resulting in bleeding and hemodilution of the sample, and 
interference with further sampling. 

■ Inappropriate instrumentation, notably too thin or too long needles that may be 
deflected by the abdominal wall and may be difficult to guide to a small lesion. Needles 
larger than 22 gauge are apt to cause vascular injury and collect cells extraneous to the 
pancreas. 

In our experience, nearly all carcinomas of the pancreas can be identified by FNA, although 
occasionally the procedure must be repeated. The presence of competent personnel in the 
radiologic suite, where most such procedures take place, is very helpful in 
establishing the adequacy of the sample while the patient waits. If the material is 
nondiagnostic, the aspiration can be repeated. 

Intraoperative Aspirations 

A diagnosis of pancreatic carcinoma under visual control can be achieved in nearly 100% of 
cases (Hastrup et al, 1977; Stormby, 1979; Alpern et al, 1985; Soudah et al, 1989; Edoute et al, 
1991; Blandamura et al, 1995; Saez et al, 1995). An important pitfall is the coexistence of 
carcinoma and pancreatitis. This may result in the aspiration of necrotic and inflammatory 
material, leading to a false-negative diagnosis. Less secure results are achieved in aspiration of 
cystic lesions, because the cyst content is not always representative of the nature of the cyst. 
Aspiration of the wall of the cyst is always indicated. Achemical analysis of the cyst fluid 
is sometimes diagnostically helpful, as discussed above. 

BIBLIOGRAPHY 

American Joint Committee on Cancer. Cancer Staging Manual, 6th ed, 2002. 

Albores-Saavedra J, Gould EW, Angeles-Angeles A, Henson DE. Cystic tumors of the 
pancreas. Pathol Annu 25; 19-50, 1990. 

Albores-Saavedra J, Gould EW, Angeles-Angeles A, Henson DE. Cystic tumors of the 
pancreas. Pathol Annu 25:19-50, 1990. 

Albores-Saavedra J, Heffess C, Hruban R, et al. Recommendations for the reporting of 



2531 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 39 - The Pancreas 

pancreatic specimens containing malignant tumors. Am J Clin Pathol 111:304-307, 1999. 



al-Kaisi N, Weaver MG, Abdul-Karim FW, Siegler E. Fine needle aspiration cytology of 
neuroendocrine tumors of the pancreas. A cytologic, immunocytochemical and electron 
microscopic study. Acta Cytol 36:655-660, 1992. 



Aim P, Jonsson P, Karp W. Acase of papillary-cystic epithelial neoplasm of the pancreas. 
Acta Pathol Microbiol Scand Sect A89: 125-1 32, 1981. 

Alpern GA, Dekker A. Fine needle aspiration cytology of the pancreas. An analysis of its 
use in 52 patients. Acta Cytol 29;873-878, 1985. 

Alpert LC, Truong LD, Bossart Ml, Spjut HJ. Microcystic ademona (serous cystadeonma) 
of the pancreas. Astudy of 14 cases with immunohistochemical and electron-microscopic 
correlation. Am J Surg Pathol 1 2;251 -263, 1988. 



Alvarez C, Livingston EH, Ashley SW, et al. Cost-benefit analysis of the work-up for 
pancreatic cancer. Am J Surg 165;53-58, 1993. 

Anonymous. Classification of pancreatic carcinoma. Tokyo: Kanehara and Co, 1996. 



Arnesjo B, Stormby N, Akerman M. Cytodiagnosis of pancreatic lesions by means of a 
fine needle biopsy during operation. Acta Chir Scand 138: 363-369, 1972. 



Beazley RM. Needle biopsy diagnosis of pancreatic cancer. Cancer 47: 1685-1687, 1981. 

Benning TL, Silverman JF, Berns l_A, Geisinger KR. Fine needle aspiration of 
metastatic and hematologic malignancies clinically mimicking pancreatic carcinoma. Acta 
Cytol 36:471-476, 1992. 

Bergenfeldt M, Genell S, Lindholm K, et al. Needle-tract seeding after percutaneous 
fine-needle biopsy of pancreatic carcinoma. Case report. Acta Chir Scand 154:77-79, 1988. 

Bhagavan BS, Hofkin GA, Woel GM, Koss LG. Zollinger-Ellison syndrome. Ultrastructural 
and histochemical observations in a child with endocrine tumorlets of gastric antrum. Arch 
Pathol 98:217-222, 1974. 

Blandamura S, Costantin G, Nitti D, Boccato P. Intraoperative cytology of pancreatic 
masses. A 10-year experience. Acta Cytol 39:23-27, 1995. 

Bondeson L, Bondeson AG, Grimelius L, Kjellstrom U. Oncocytic tumor of the 
pancreas. Report of a case with aspiration cytology. Acta Cytol 34: 425-428, 1990. 



Bondeson L, Bondeson AG, Genell S, et al. Aspiration cytology of a rare solid and 
papillary epithelial neoplasm of the pancreas. Light and electron microscopic study of a 

case. Acta Cytol 28:605-609, 1984. 

2532 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



39 - The Pancreas 



Brown PA, MacMahon HE, Shen FM. Acinar cell carcinoma of the pancreas with 
subcutaneous fat necrosis. Gastroenterol 49:555-559, 1965. 



Cappellari JO, Geisinger KP, Albertson DA, et al. Malignant papillary cystic tumor of the 
pancreas. Cancer 66:193-198, 1990. 

Centeno BA, Lewandrowski KB, Warshaw AL, et al. Cyst fluid cytologic analysis in the 
differential diagnosis of pancreatic cystic lesions. Am J Clin Pathol 101:483-487, 1994. 

Centeno BA, Stockwell JW, Lewandrowski KB. Cyst fluid cytology and chemical 
features in a case of lymphoepithelial cyst of the pancreas: A rare and difficult preoperative 
diagnosis. Diagn Cytopathol 21:328-330, 1999. 

Centeno BA, Warshaw AL, Mayo-Smith W, et al. Cytologic diagnosis of pancreatic cystic 
lesions. A prospective study of 28 percutaneous aspirates. Acta Cytol 41 :972-980, 1997. 

Chang KJ, Nguyen P, Erickson RA, et al. The clinical utility of endoscopic ultrasound- 
guided fine needle aspiration in the diagnosis and staging of pancreatic carcinoma. 
Gastrointest Endosc 45:387-393, 1997. 

Chejfec G, Rieker WJ, Jablokow VR, Gould VE. Pseudomyxoma peritonei associated 
with colloid carcinoma of the pancreas. Gastroenterology 90: 202-205, 1986. 

Chen KTK, Workman RD, Efird TA, Cheng AC. Fine needle aspiration cytology diagnosis 
of papillary tumor of the pancreas. Acta Cytol 30:523-527, 1986. 

Collins BT, Cramer HM. Fine-needle aspiration cytology of islet cell tumors. Diagn 
Cytopathol 15:37-45, 1996. 

Compagno J, Oertel JE. Microcystic adenomas of the pancreas (glycogen-rich 
cystadenomas): a clinicopathologic study of 34 cases. Am J Clin Pathol 69: 289-298, 1978a. 



Compagno J, Oertel JE. Mucinous cystic neoplasms of the pancreas with overt and latent 
malignancy (cystadenocarcinoma and cystadenoma). A clinicopathologic study of 41 cases. 
Am J Clin Pathol 69:573-580, 1978b. 

CubillaA, Fitzgerald PJ. Pancreas cancer. I. Duct adenocarcinoma. A clinical-pathologic 
study of 380 patients. Pathol Annu 13:214-289, 1978. 



CubillaA, Fitzgerald PJ. Tumors of the exocrine pancreas, 19 vol. 1st ed. Washington: 
AFIP, 1984. 



Donow C, Pipeleers-Marichal M, Schroder S, et a.I Surgical pathology of gastrinoma. 
Site, size, muticentricity, association with multiple endocrine neoplasia type 1, and 



2533 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 
malignancy. Cancer 68:1329-1334, 1997. 



39 - The Pancreas 



Edoute Y, Lemberg S, Malberger E. Preoperative and intraoperative fine needle 
aspiration cytology of pancreatic lesions. Am J Gastroenterol 86:1015-1019, 1991. 

Ekberg O, Bergenfeldt M, Aspelin P, et al. Reliability of ultrasound-guided fine-needle 
biopsy of pancreatic masses. Acta Radiol 29:535-539, 1988. 

Ezzat A, Jamshed A, Khafaga Y, et al. Primary pancreatic non Hodgkin's lymphoma. J 
Clin Gastroenterol. 23:109-112, 1996. 



Faulkner JE, Gaba CE, Powers JD, Yam LT. Diagnosis of primary pancreatic lymphoma 
by fine needle aspiration. Acta Cytol 42:834-836, 1998. 



Ferrucci JT, Wittenberg J, Margolies MN, et al. Malignant seeding of the tract after thin- 
needle aspiration biopsy. Radiology 130:345-346, 1979. 

" P.1455 



Fischer MG, Kabakow G. Lymphoma of the pancreas. Mt Sinai J Med 54: 423-426, 1987. 



Foote A, Simpson JS, Stewart RJ, et al. Diagnosis of the rare solid and papillary 
epithelial neoplasm of the pancreas by fine needle aspiration cytology. Light and electron 
microscopic study of a case. Acta Cytol 30:519-522, 1986. 

Fornari F, Civardi G, Cavanna L, et al. Complications of ultrasonically guided fine-needle 
abdominal biopsy. Results of multicenter Italian study and review of the literature. The 
Cooperative Italian Study Group. Scand J Gastroenterol 24:949-955, 1089. 

Frias-Hidvegi P. Guides to Clinical Aspiration Biopsy. Liver and Pancreas. New York, 
Igaku-Shoin, 1988. 

Geisinger KR, Silverman JF. Fine-needle aspiration cytology of uncommon primary 
pancreatic neoplasms: A personal experience and review of the literature. In Schmidt WA 
(ed). Cytopathology Annual. Baltimore, Williams and Wilkins, 1992, pp 23-48. 

George DH, Murphy F, Michalski R, Ulmer BG. Serous cystadenocarcinoma of the 
pancreas: a new entity. Am J Surg Pathol 13:61-66, 1989. 

Goldstein HM, Zornoza J, Wallace S, et al. Percutaneous fine needle aspiration biopsy of 
pancreatic and other abdominal masses. Radiology 123:319-322, 1977. 



Gorelick FS, Jamieson J. Structure-function relationship of the pancreas. In: Johnson JR, 
ed. Physiology of the gastrointestinal tract. New York: Raven Press, 1981:773-783. 



Gudjonsson B. Cancer of the pancreas. 50 years of surgery. Cancer 60: 2284-2303, 1987. 



2534 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



39 - The Pancreas 



Hamilton SR, Aaltonen LA. Pathology and genetics of tumors of the digestive system. 
Lyon: IARC Press, 2000. 

Hastrup J, Thommesen P, Frederiksen P. Pancreatitis and pancreatic carcinoma, 
diagnosed by preoperative fine needle aspiration biopsy. Acta Cytol 21: 731-734, 1977. 

Henne-Bruns, Vogel I, Luttges J, et al. Ductal adenocarcinoma of the pancreas head: 
survival after regional versus extended lyphadenectomy. Hepatogastroenterology 45:855- 
866, 1998. 



Hittmair A, Pernthaler H, Totsch M, et al. Preoperative fine needle aspiration of a 
microcystic adenoma of the pancreas. Acta Cytol 35:546-548, 1991. 

Hoorens A, Lemoine NR, McLellan E, et al. Pancreatic acinar cell carcinoma. An analysis 
of cell lineage markers, p53 expression, and Ki-ras mutation. Am J Pathol 143:685 698, 

1993. 

Hoorens A, Prenzel K, Lemoine NR, Kloppel G. Undifferentiated carcinoma of the 
pancreas: analysis of intermediate filament profile and Ki-ras mutations provides evidence 
of a ductal origin. J Pathol 185:53-60, 1998. 



Horisawa M, Niinomi N, Sato T, et al. Frantz's tumor (solid and cystic tumor of the 
pancreas) with liver metastasis: successful treatment and long-term follow-up. J pediatr 
Surg 30:724-726, 1995. 

Huntrakoon M. Oncocytic carcinoma of the pancreas. Cancer 51:332-336, 1983. 

Itoh K, Yamanaka T, Kasahara K, et al. Definitive diagnosis of pancreatic carcinoma with 
percutaneous fine-needle aspiration biopsy under ultrasonic guidance. Am J Gastroenterol 
71:469-472, 1979. 

Jayaram G, Chaturvedi KU, Jindal RK, et al. Papillary cystic neoplasm of the pancreas. 
Report of a case diagnosed by fine needle aspiration cytology. Acta Cytol 34:429-433, 
1990. 

Jemal A, Thomas A, Murray T, et al. Cancer statistics, 2002. CA Cancer J Clin 52:23-47, 
2002 . 



Jhalal NC, Jhala DN, Chhieng DC, et al. Endoscopic ultrasound-guided fine-needle 
aspiration. Acytopathologist's perspective. Am J Clin Pathol 120: 351-367, 2003. 



Kanai N, Nagaski S, Tanaka T. Clear cell carcinoma of the pancreas. Acta Pathol Jpn 
37:1521-1526, 1987. 

Kashima K, Hayashida Y, Yokoyama S, et al. Cytologic features of solid and cystic tumor 



2535 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 
of the pancreas. Acta Cytol 41:443-449, 1997. 



39 - The Pancreas 



Katz LBK, Ehya H. Aspiration cytology of papillary cystic neoplasm of the pancreas. J Clin 
Pathol 94:328-333, 1990. 

Khalbuss WE, Wherson J, Zaman M. Pancreatic metastasis of cardiac 
rhabdomyosarcoma diagnosed by fine needle aspiration. A case report. Acta Cytol 43:447- 
451, 1999. 

Khorsand J, Katz RL, Savaraj N. Malignant carcinoid of the pancreas: a cytologic, 
ultrastructural, and immunocytochemical study of a case diagnosed by fine-needle 
aspiration of a supraclavicular node metastasis. Diagn Cytopathol 3:222-227, 1987. 



Klimstra DS, Heffess CS, Oertel JE, et al. Acinar cell carcinoma of the pancreas. A 
clinicopathologic study of 28 cases. Am J Surg Pathol 16:815-837, 1992. 



Klimstra DS, Wenig BM, Adair CF, Heffess CS. Pancreatoblastoma. A clinicopathologic 
study and review of the literature. Am J Surg Pathol 19: 1371-1389, 1995. 

Kloppel G, Maurer R, Hofmann E, et al. Solid-cystic (papillary-cystic) tumors within and 
outside the pancreas in men: report of two patients. Virchows Arch A Pathol Anat 
Histopathol 418:179-183, 1991. 



Kloppel G, Solcia E, longnecker DS, et al. WHO: Histological typing of tumors of the 
exocrine pancreas. 2nd ed. Berlin: Springer- Verlag, 1996. 

Kollins MD, Bernacki EG Jr, Schwab R. Diagnosis of pancreatic lesions by percutaneous 
aspiration biopsy. Acta Cytol 25:675-677, 1981. 

Koss LG, Woyke S Olszewski W. Aspiration Biopsy: Cytologic Interpretation and 
Histologic Bases, 2nd ed. New York, Igaku-Shoin, 1992, 742 pp. 

Labate AM, Klimstra DL, Zakowski MF. Comparative cytologic features of pancreatic 
acinar cell carcinoma and islet cell tumor. Diagn Cytopathol 16: 112-116, 1997. 



Lampert K, Nemcsik J, Paal E. Metastatic tumors of the pancreas. A clinicopathological 
study of 62 cases. Dig Surg 16:36, 1999. 



Laucirica R, Schwartz MR, Ramzy I. Fine needle aspiration of pancreatic cystic epithelial 
neoplasms. Acta Cytol 36:881-886, 1992. 

Layfield LJ, Wax TD, Lee JG, Cotton PB. Accuracy and morphologic aspects of 
pancreatic and biliary duct brushings. Acta Cytol 39:11-18, 1995. 

Lewandrowski KB, Warshaw AL, Compton CC, et al. Variability in cyst fluid 

carcinoembryonic antigen level, fluid viscosity, amylase content, and cytologic findings 

2536 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



39 - The Pancreas 



among multiple loculi of a pancreatic mucinous cystic neoplasm. Am J Clin Pathol 100:425- 
427, 1993. 



Lewandrowski K, Warshaw A, Compton C. Macrocystic serous cystadenoma of the 
pancreas: a morphologic variant differing from microcystic adenoma. Hum Pathol 23:871- 
875, 1992. 



Liu J, Shin HJ, Rubenchik I, et al. Cytologic features of lymphoepithelial cyst of the 
pancreas: two preoperatively diagnosed cases based on fine-needle aspiration. Diagn 
Cytopathol 21:346-350, 1999. 

Lowenfels AV, Maisonneuve P, DiMagno EP, et al. Hereditary pancreatitis and the risk of 
pancreatic cancer. International Hereditary Pancreatitis Study Group. J Natl Cancer Inst 
89:442-446, 1997. 

Lozowski W, Hajdu SI, Melamed MR. Cytomorphology of carcinoid tumors. Acta Cytol 
23:360-365, 1979. 

Madura JA, Wiebke EA, Howard TJ, et al. Mucin-hypersecreting intraductal neoplasms of 
the pancreas: a precursor to cystic pancreatic malignancies. Surgery 122:786-792, 1997. 

Malagelada JR. Pancreatic cancer: an overview of epidemiology, clinical presentation, and 
diagnosis. Mayo Clin Proc 54:459-467, 1979. 



Manci EA, Gardner LL, Pollock WJ, Dowling EA. Osteoclastic giant cell tumor of the 
pancreas. Aspiration cytology, light microscopy, and ultrastructure with review of the 
literature. Diagn Cytopathol 1:105-110, 1985. 

Mandavilli SR, Port J, AM SZ. Lymphoepithelial cyst (LEC) of the pancreas: 
Cytomorphology and differential diagnosis on fine-needle aspiration (FNA). Diagn 
Cytopathol 20:371-374, 1999. 

Mandrekar SR, Pinto RG, Patil R, et al. Solid and papillary epithelial neoplasm of the 
pancreas. Report of a case with diagnosis by fine needle aspiration cytology. Acta Cytol 
41:1823-1827, 1997. 

Marshall JB. Acute pancreatitis. A review with an emphasis on new developments. Arch 
Intern Med 153:1185-1198, 1993. 

Matsukuma S, Suda K, Abe H, et al. Metastatic cancer involving pancreatic duct 
epithelium and its mimicry of primary pancreatic cancer. Histopathology 30:208-213, 1997. 

McLoughlin MJ, Ho CS, Langer B, et al. Fine needle aspiration biopsy of malignant 
lesions in and around the pancreas. Cancer 41:241 3-241 9, 1978. 



2537 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 39 - The Pancreas 

Mendonca E, Bivar-Weinholtz, J, Soares J. Fine needle aspiration cytology of a solid 
and papillary epithelial neoplasm of the pancreas. Acta Cytol 35: 258-260, 1991. 



Mitty HA, Efremidis SC, Yeh HC. Impact of fine-needle biopsy on management of patients 
with carcinoma of the pancreas. AJR Am J Roentgenol 137: 1119-1121, 1981. 



Moossa AR. Pancreatic cancer: approach to diagnosis, selection for surgery and choice of 
operation. Cancer 50:2689-2698, 1982. 

Morohoshi T, Held G, Kloppel G. Exocrine pancreatic tumours and their histological 
classification. Astudy based on 167 autopsy and 97 surgical cases. Histopathology 7:645- 
661, 1983. 



Mukada T, Yamada S. Dysplasia and carcinoma in sity of the exocrine pancreas Tohoku J 
Exp Med 137:115-124, 1982. 



Mukai K, Grotting JC, Greider MH. Retrospective study of 77 pancreatic endocrine 
tumors using the immunoperoxidase method. Am J Surg pathol 6: 387-399, 1982. 

Mitty HA, Efremidis SC, Yeh HC. Impact of fine-needle biopsy on management of patients 
with carcinoma of the pancreas. AJR Am J Roentgenol 137: 1119-1121, 1981. 

Moossa AR. Pancreatic cancer: approach to diagnosis, selection for surgery and choice of 
operation. Cancer 50:2689-2698, 1982. 

Morohoshi T, Held G, Kloppel G. Exocrine pancreatic tumours and their histological 
classification. Astudy based on 167 autopsy and 97 surgical cases. Histopathology 7:645- 
661, 1983. 

Mukada T, Yamada S. Dysplasia and carcinoma in sity of the exocrine pancreas Tohoku J 
Exp Med 137:115-124, 1982. 

Mukai K, Grotting JC, Greider MH. Retrospective study of 77 pancreatic endocrine 
tumors using the immunoperoxidase method. Am J Surg pathol 6: 387-399, 1982. 



Mullick SS, Mody DR. “Osteoclastic” giant cell carcinoma of the pancreas. Report of a 
case with aspiration cytology. Acta Cytol 40:975-979, 1996. 



Nguyen GK, Rayani NA. Hyperplastic and neoplastic endocrine cells of the pancreas in 
aspiration biopsy. Diagn Cytopathol 2:204-211, 1986. 

Nguyen GK, Vogelsang PJ. Microcystic adenoma of the pancreas. A report of two cases 
with fine needle aspiration cytology and differential diagnosis. Acta Cytol 37:908-912, 1993. 

Nguyen-Ho P, Nguyen GK, Jewell LD. Oncocytic neuroendocrine carcinoma of the 

pancreas. Report of a case with needle aspiration cytology, immunocytochemistry and 

2538 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



39 - The Pancreas 



electron microscopy. Acta Cytol 38:611-613, 1994. 

Pacchioni D, Papotti M, Macri L, et al. Pancreatic oncocytic endocrine tumors. Cytologic 
features of two cases. Acta Cytol 40:742-746, 1996. 

Pinto MM, Meriano FV. Diagnosis of cystic pancreatic lesions by cytologic examination and 
carcinoembryonic antigen and amylase assays of cyst contents. Acta Cytol 35:456-463, 

1991. 

R1456 



Pinto MM, Emanuel JR, Chaturvedi V, Costa J. Ki-ras mutations and the 
carcinoembryonic antigen level in fine needle aspirates of the pancreas. Acta Cytol 41:427- 
434, 1997. 

Oertel JE, Oertel YC, Heffess CS. Pancreas. In: Sternberg SS, ed. Diagnostic Surgical 
Pathology, 3rd ed. Philadelphia: Lippincott, Williams & Wilkins, 1999. 

Radi MJ, Fenoglio-Preiser CM, Chiffelle T. Functioning oncocytic islet-cell carcinoma. 
Report of a case with electron-microscopic and immunohistochemical confirmation. Am J 
Surg Pathol 9:517-524, 1985. 

Rashleigh-Belcher HJ, Russell RC, Lees WR. Cutaneous seeding of pancreatic 
carcinoma by fine-needle aspiration biopsy. Br J Radiol 59:182-183, 1986. 

Remadi S, MacGee W, Doussis-Anagnostopoulou I, et al. Papillary-cystic tumor of the 
pancreas. Diagn Cytopathol 15:398-402, 1996. 

Robins DB, Katz RL, Evans DB, et al. Fine needle aspiration of the pancreas. In quest of 
accuracy. Acta Cytol 39:1-10, 1995. 



Rosenbaum DA, Frost DB. Fine-needle aspiration biopsy of the pancreas complicated by 
pancreatic ascites. Cancer 65:2537-2538, 1990. 



Rubin D, Warshaw AL, Southern JF, et al. Expression of CA 15.3 protein in the cyst 
contents distinguishes benign from malignant pancreatic mucinous cystic neoplasms. 
Surgery 115:52-55, 1994. 

Saez A, Catala I, Brossa R, et al. Intraoperative fine-needle aspiration cytology of 
pancreatic lesions. A study of 90 cases. Acta Cytol 39:485-488, 1995. 



Saleh HA, Masood S, Khatib G. Percutaneous and intraoperative aspiration biopsy 
cytology of pancreatic neuroendocrine tumors: Cytomorphologic study with an 
immunocytochemical contribution. Acta Cytol 40:182-190, 1996. 



Sams VR, Benjamin E, Ward RH. Ectopic pancreas. Acause of false-positive peritoneal 



2539 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 
cytology. Acta Cytol 34:641-644, 1990. 



39 - The Pancreas 



Samuel LH, Frierson HF Jr. Fine needle aspiration cytology of acinar cell carcinoma of 
the pancreas: a report of two cases. Acta Cytol 40:585-591, 1996. 

Shimizu M, Hirokawa M, Manabe T, et al. Cytologic findings in noninvasive intraductal 
papillary-mucinous carcinoma of the pancreas. A report of two cases. Acta Cytol 43:243- 
246, 1999. 

Silverman JF, Holbrook CT, Pories WJ, et al. Fine needle aspiration cytology of 
pancreatoblastoma with immunocytochemical and ultrastructural studies. Acta Cytol 34:632- 
640, 1990. 



Simms MH, Tindall N, Allan RN. Pancreatic fistula following operative fine-needle 
aspiration. Br J Surg 69:548, 1982. 



Solcia E, Capella C, Kloppel G. Tumors of the pancreas. Washington, DC: AFIP, 1997. 

Soudah B, Fritsch RS, Wittekind C, et al. Value of the cytologic analysis of fine needle 
aspiration biopsy specimens in the diagnosis of pancreatic carcinomas. Acta Cytol 33:875- 
880, 1989. 

Stormby N. Pancreas. In: Zajicek J, ed. Aspiration biopsy cytology, part 2. Cytology of 
infradiaphragmatic organs. Basel: S. Karger, 1979:194-211. 

Tao LC, Ho CS, McLoughlin MJ, et al. Percutaneous fine needle aspiration biopsy of the 
pancreas. Cytodiagnosis of pancreatic carcinoma. Acta Cytol 22:215-220, 1978. 



Thompson LD, Becker RC, Przygodzki RM, et al. Mucinous cystic neoplasm (mucinous 
cystadenocarcinoma of low-grade malignant potential) of the pancreas: a clinicopathologic 
study of 130 cases. Am J Surg Pathol 23:1-16, 1999. 

Thompson K, Caste IN MJ, Gattuso P. Metastatic papillary oncocytic carcinoma of the 
pancreas to the liver diagnosed by fine-needle aspiration. Diagn Cytopathol 18:291-296, 
1998. 

Tischler AS, Compagno J. Crystal-like deposits of amyloid in pancreatic islet cell tumors. 
Arch Pathol Lab Med 103:247-251, 1979. 

Touchek JM, De Jong SA, Pickelman J. Diagnosis, surgical intervention, and prognosis 
of primary pancreatic lymphoma. Am Surg 59:513-518, 1993. 

Uehara H, Nakaizumi A, lishi H, et al. Cytologic examination of pancreatic juice for 
differential diagnosis of benign and malignant mucin-producing tumors of the pancreas. 
Cancer 74:826-833, 1994. 



2540 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



39 - The Pancreas 



Walts AE. OsteoclastOtype giant-cell tumor of the pancreas. Acta Cytol 27: 500-504, 1983. 

Warshaw AL, Swanson RS. Pancreatic cancer in 1988. Possibilities and probabilities. Ann 
Surg 208:541-553, 1988. 

Warshaw Al, Compton CC, Lewandrowski K, et al. Cystic tumors of the pancreas. New 
clinical, radiologic, and pathologic observations in 67 patients. Ann Surg 212:432-443, 

1990. 

Warshaw AL, Fernandez-del Castillo C. Pancreatic carcinoma. N Engl J Med 326:455- 
465, 1992. 

Warshaw, Brugge WR, Lewandrowski KB, et al. Case records of the Massachusetts 
General Hospital. Weekly clinicopathological exercises. Case 35-2003. A 75-year-old man 
with a cystic lesion of the pancreas. N Engl J Med 349: 1954-1961, 2003. 

Welch TJ, Sheedy PF II, Johnson CD, et al. CT-guided biopsy: prospective analysis of 
1,000 procedures. Radiology 171:493-496, 1989. 

Wilson RW, Gal A, Cohen C, et al. Serotonin immunoreactivity in pancreatic endocrine 
neoplasms (carcinoid tumors). Mod Pathol 4:727-732, 1991. 



Wynder EL, Mabuchi K, Maruchi N, et al. Epidemiology of cancer of the pancreas. J Natl 
Cancer Inst 50:645-667, 1973. 

Yamada M, Kozuka S, Yamoa K, et al. Mucin-producing tumor of the pancreas. Cancer 
68-159-168, 1991. 



Yang GC, Slott S, LiVolsi VA, Gupta PK. Rapid assessment of Diff-Quik-stained 
pancreatic aspirates. A retrospective study of 40 intraoperative fine needle aspiration 
consultations, with measurement of nuclear size of look-alike small tissue fragments by 
image analysis. Acta Cytol 38:37-42, 1994. 

Zamboni G, Scarpa A, Bogina G, et al. Mucinous cystic tumors of the pancreas: 
clinicopathological features, prognosis, and relationship to other mucinous cystic tumors. 
Am J Surg Pathol 23:410-422, 1999. 



2541 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th EdtO - The Kidneys, Adrenals, and Retroperitoneum 



Editors: Koss, Leopold G.; Melamed, Myron R. 

Title : Koss ' Diagnostic Cytology and Its Histopathologic Bases, 5th Edition 
Copyright ©2006 Lippincott Williams & Wilkins 

> Table of Contents > II - Diagnostic Cytology of Organs > 40 - The Kidneys, Adrenals, and 
Retroperitoneum 

40 

The Kidneys, Adrenals, and Retroperitoneum 

Muhammad B. Zaman 

THE KIDNEYS 

The role of cytology of the urinary sediment in the diagnosis of renal diseases is discussed in 
Chapters 22 and 23. The subject of this chapter is transcutaneous fine-needle 
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aspiration (FNA) of the kidney. Dean (1939) first reported the treatment of a solitary cyst of 
kidney by aspiration. Soderstrom (1966) described a large experience with this method, and 
Von Schreeb et al (1967), Kristensen et al (1972), Thommesen and Nielsen (1975), Edgren et 
al (1975), and Holm et al (1975) each reported a series of cases. 

It must be stressed at the outset that FNA does not replace renal core biopsies in the 
diagnosis of diffuse medical diseases of the kidney; however, it does play a role in the 
assessment of renal transplant rejection (see below). 

INDICATIONS 

FNA is used for the pretreatment diagnosis of space-occupying lesions of the renal 
parenchyma. Although renal cell carcinoma (RCC) is as common as pancreatic carcinoma, 
only 5% of all transcutaneous abdominal aspirations performed at the Westchester Medical 
Center are directed toward renal lesions, as compared to 12% for the pancreas. This is 
because a reliable diagnosis of renal neoplasms can be established in most patients by renal 
imaging studies consisting of intravenous pyelography, ultrasonography (US), computed 
tomography (CT), and arteriography, obviating the need for a preoperative biopsy. Each of 
these imaging techniques has a low, but significant, diagnostic error rate (Sherwood and Trott, 

1975; Richter et al, 2000). We know of cases of nephrectomy performed for a benign 
neoplasm, cyst, or benign adrenal tumor mimicking renal masses. 

FNA biopsy of renal abnormalities can provide a definitive diagnosis and considerably reduce 
surgical exploration of patients with nonneoplastic lesions, such as cysts, and may clarify 
the nature of solid lesions that are not clearly defined by imaging procedures (Zornoza 
etal, 1977a; Meier etal, 1979; Barbaric et al, 1981; Murphy etal, 1985; Nadel et al, 1986; 

Pilotti et al, 1988; Leiman, 1990; Cristallini et al, 1991). 

The indications for FNA biopsy of space-occupying lesions of the kidney are as follows: 

■ Cystic lesions (as a diagnostic and therapeutic procedure) 

■ Lesions with equivocal radiologic findings 

■ Confirmation of diagnosis in advanced malignant lesions prior to nonsurgical 
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treatment 

■ Confirmation of local recurrence at the site of a prior tumor or a direct extension 
from neighboring site (e.g., colon or adrenal) 

■ Confirmation of metastatic cancer 

Transcutaneous FNA biopsy has been used for the follow-up of renal allograft recipients 
(Hayry and von Willebrand, 1981a). The technique was described in detail by Hayry and von 
Willebrand (1981b, 1984), and was used successfully by Bishop et al (1989), Linsk and 
Franzen (1989), Egidi (1990), and Garcia-Castro et al (1993). As described in detail in Chapter 
22, the aspiration specimen is used to identify subpopulations of T-lymphocytes by 
immunocytochemical or flow cytometric analysis. 

Aspiration cytology has been used in Scandinavian countries to grade renal carcinomas, in 
order to select patients with high-grade (poorly differentiated) tumors for preoperative 
radiotherapy (Zajicek, 1979). This issue is discussed below. 

TECHNIQUE OF ASPIRATION BIOPSY 

The FNA technique is patterned after that used for renal core biopsies. Soderstrom (1966) 
approached this type of biopsy on purely anatomic grounds, without roentgenologic or US 
guidance. Others have used biplane fluoroscopic guidance, usually with intravenous 
pyelography (IVP). Developments in US and CT have significantly improved the guidance 
system in adults and children (Kristensen et al, 1974; Zeis et al, 1976; Juul et al, 1985; Nguyen, 

1987; Thornburg and Weiss, 1987; Li Puma, 1988; Pilotti et al, 1988). These techniques do not 
depend on renal function, as does IVP, and they are helpful in separating solid from cystic 
lesions and cystic neoplasms from benign cysts (Pollack et al, 1982). 

The principles of the aspiration procedure are discussed in Chapter 28. The special 
requirements for renal FNA are as follows: Regardless of the guidance modality used to 
target the renal lesion, the aspiration is usually undertaken with the patient in either a prone 
or decubitus position, which allows for the shortest possible skin-to-lesion distance. When a 
22- or 23-gauge needle is used, it may be difficult to penetrate the tough renal fascia. Thus, 

Zajicek (1979) advocated the use of a larger-caliber needle with an obturator as a guide for the 
thinner needle. In our experience, this is rarely required. 

Complications 

In an early study, von Schreeb et al (1967) found no differences in the survival rates of 
patients who underwent an aspiration and those who did not. Soderstrom (1966) reported some 
instances of hematuria. A case of seeding of renal carcinomas in the needle track (with 
an 18-gauge needle) was described by Gibbons et al (1977). Additional reports of needle-track 
seeding with smaller-caliber aspiration needles have been described (Auvert et al, 1982; Wehle 
and Grabstald, 1986; Shenoyetal, 1991; Smith, 1991; Slywotzkyand Maya, 1994). 

SYNOPSIS OF ANATOMY AND HISTOLOGY 

The essential features of anatomy of the kidney are briefly summarized in Chapter 22. A few 
additional points of special interest regarding aspiration biopsy may be added here. The right 
kidney is adjacent to the inferior surface of the liver, the right colic flexure, and the 
small intestine, and the left kidney is adjacent to the spleen, the body of the pancreas 
(and splenic vessels), the stomach, the left colic flexure, and the small intestine. 
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Therefore, extrinsic cells from any of these organs, as well as mesothelial cells from 
peritoneal reflections and perirenal fat, are not uncommon in renal aspirates. 
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Each kidney is composed of an external or cortical zone (cortex), an internal medullary zone 
(medulla), and the renal pelvis, which opens into the ureter. Renal parenchyma consists of 
one to two million nephrons, interstitial connective tissue, and a very rich and complex network 
of blood vessels arranged in an exquisite order to carry on the function of blood filtration and 
excretion of waste products in the urine. Each functional unit of the kidney, or nephron, 
consists of a glomerulus in continuity with a renal tubule (Fig. 40-1). Each tubule is divided 
into a proximal convoluted segment (the progenitor of common RCC) and a distal 
convoluted segment (the progenitor of papillary carcinoma), the two of which are 
connected by a narrow segment called the loop of Henle. The tubules drain the filtered urine 
into collecting ducts, which are lined by two distinct types of cells. The majority of these cells 
are light-staining collecting duct cells (the progenitors of a rare tumor, collecting duct 
carcinoma (CDC)), and the minority are dark-staining intercalated cells with many 
mitochondria (the progenitors of oncocytoma and chromophobe RCC (ChRCC)). 

Collecting ducts coalesce to form the terminal ducts of Bellini, which carry the urine into the 
renal pelvis. For further comments on the formation of urine, see Chapter 22. 




C D 



Figure 40-1 Histology and cytology of the normal kidney. A Glomeruli and proximal 
convoluted tubules with pink granular cytoplasm are the predominant component of the 
cortex. Smaller cuboidal cells with pale cytoplasm line the distal tubule). B. Proximal 
tubules at high magnification. C,D. Renal glomerulus at low and high magnification. In 
aspiration smears, the glomeruli are seen as thick, three-dimensional, lobulated structures. 
The anatomic relationship among the endothelial, epithelial, and mesangial cells is lost. 



The glomeruli are located mainly in the renal cortex (Fig. 40-1 A). They are complex, spherical 
structures composed of capillary tufts with specialized endothelial cells supported by mesangial 
connective tissue cells. Each glomerulus is surrounded by a connective tissue envelope, known 

as Bowman's capsule. 
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The tubules make up the largest component of the kidney parenchyma. The tubules are lined 
by cuboidal epithelial cells that may stain intensely pink or pale in hematoxylin and eosin 
(H&E) stain, and vary in size depending on their function and location in the tubular segment 
(Fig. 40-1 B). Although several types of tubular cells may be distinguished by ultrastructural and 
other studies (Bander et al, 1985), they cannot be reliably subclassified in aspiration smears. 

As described in detail in Chapter 22, the renal calyces and pelvis are lined by urothelium, 
which occasionally may be seen in aspiration smears of the lower pole of the kidney. 

CYTOLOGY OF NORMAL KIDNEY 

In material aspirated from renal cysts and sometimes from relatively small renal tumors, benign 
renal tubular cells 
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are often observed. However, unless a large-bore needle is used, intact glomeruli are rarely 
encountered (Fig. 40-1 C,D). 

An intact glomerulus is large enough to occupy nearly the entire 40x microscopic field. It is a 
sharply circumscribed, lobulated, round or oval, thick, multilayered structure 
composed of small cells. Because the glomeruli are squashed on the slide, their internal 
structure cannot be seen. Bowman's capsule may be seen on rare occasions as a balloon- 
like transparent membrane. 

The normal tubular cells are sometimes aspirated as intact tubules (Fig. 40-2A) or as 
epithelial cells, either dispersed or forming small clusters (Fig. 40-2B-D). The cells of proximal 
tubules, which have eosinophilic cytoplasm, are not easy to identify as such, and in fact may 
mimic cells derived from normal adrenal cortex and sometimes well-differentiated small 
malignant cells derived from papillaryor low-grade conventional RCC (see below). The normal 
tubular cells are generally cuboidal in shape and vary in size from small cells derived from 
the loop of Henle to the much more common larger cells derived from the proximal and distal 
tubules. Most of the larger tubular cells display a relatively abundant finely granular, 
transparent, pale or pink cytoplasm, depending on the stain used, and small, spherical 
nuclei with transparent chromatin pattern, containing tiny nucleoli. 
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Figure 40-2 A. Whole renal tubules in aspiration smears. B. Proximal tubular cells. Note 
that the majority of the nuclei are separated from each other by pink granular cytoplasm. 

C,D. Tubular cells forming sheets in MGG-stained smears. Note the uniformity of the cells 
and their small nuclei. 



BENIGN LESIONS 

Renal Cysts 

Cystic diseases of the kidney are a heterogenous group of lesions that include hereditary, 
congenital but nonhereditary, and acquired disorders. Renal cysts may be tiny or very 
large (measuring 10 cm or more in diameter), single, or multiple. In the hereditary polycystic 
kidney, nearly all of the adult kidney can be replaced by cysts of various sizes (which, 
incidentally, should not be aspirated unless there is a suspicion of a coexisting renal 
carcinoma). 

Acquired cysts are the most common renal lesions. They are usually small and unilocular, 
and are formed by shrinkage of the renal parenchyma secondary to vascular insufficiency in 
elderly patients. They are rarely a cause for alarm. Dialysis-associated cystic disease 
affects patients with chronic renal failure and prolonged dialysis. End-stage kidneys are often 
shrunken and multicystic, and have been reported to carry an up to 50-fold increased risk of 
RCC (Truong et al, 1995). 

Cystic nephroma, or multilocular cyst of the kidney, is a rare benign neoplasm that occurs 
in children or young adults (usually female). The cysts are unilateral and encapsulated. The 
compartments of the cyst, or locules, are lined by a single layer of epithelium with or without 
atypia (Eble and Bonsib, 1998). 
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Except for the adult form of polycystic kidney, most renal cystic lesions are asymptomatic and 
incidental. Sometimes, however, renal cysts may present a diagnostic dilemma and may be 
confused with renal carcinomas undergoing cystic degeneration (Pollack et al, 1982). 

Cysts have been the most commonly aspirated renal lesions since the first report by Dean 
(1939) was published. If the preaspiration diagnosis of a cyst is secure, a large 18-gauge 
needle may be used to evacuate the cyst fluid. In less secure cases, it is preferable to use 
smaller-caliber needles. 

Inspection of Cyst Fluid 

The amount of fluid aspirated from renal cysts varies according to cyst size. In exceptional 
cases, 40-50 ml of fluid may be aspirated. In most instances, the fluid is clear, straw-colored, 
and occasionally cloudy or blood-tinged, or, rarely, chocolate brown, suggestive of a prior 
hemorrhage. Zajicek (1979) and Pilotti et al (1988) suggested that clear, straw-colored fluid 
does not require cytologic study because the fluid in cystic RCCs is usually cloudy and 
discolored (Rehm, 1961; Khordand, 1965; Holm, 1975; Anderson, 1977). Our policy is to study 
the cytologic make-up of all aspirated fluids. 

Cytology 

Clear cyst fluid from the diverse group of renal cysts described above may be acellular or 
may show a variable number of mononucleated and, rarely, multinucleated macrophages 
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(Fig. 40-3). Rare clusters of benign epithelial cells from cyst lining or benign tubular cells from 
the surrounding normal renal parenchyma may be encountered. Reactive fibroblasts from the 
capsule of the cyst may also be seen. Occasionally, the macrophages may show significant 
nuclear abnormalities that at a first glance may be thought to represent cancer cells. The 
correct diagnosis is best established by searching for some evidence of phagocytosis in the 
cytoplasm of these cells. Liesegang rings, approximately spherical concentric structures, have 
been reported in renal cyst fluid (Sneige et al, 1988; Katz and Ehya, 1990; Raso et al, 1998) 
(see Chap. 25). 
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Figure 40-3 Renal cyst aspirates. A. Large mononucleated macrophages with finely 
vacuolated cytoplasm are the cells typically seen in clear, straw-colored cyst fluid. B. 
Multinucleated macrophage in cyst fluid. C. A small, tight cluster of benign epithelial cells, 
corresponding to the excised renal cyst shown in D. 



Cloudy fluid is generally derived from an inflamed cyst and contains numerous 
polymorphonuclear leukocytes (see below). The cytology of cystic RCC is described under 
neoplasms of the kidney. 



Ancillary Studies of Renal Cyst Fluids 

In our experience, additional information may be obtained by determining the fat, protein, and 
lactic dehydrogenase (LDH) content of the renal cyst fluid. Clear fluid from acquired cysts is 
low in fat, protein, and LDH. Cloudy or turbid fluid is generally inflammatory and therefore high 
in protein and very high in LDH. A malignant cystic tumor 
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yields bloody fluid with high fat and protein but low LDH levels. 



Renal Abscess 

Patients with renal abscess are febrile and usually experience severe costovertebral angle 
pain, tenderness, and often pyuria. Pyelonephritis, whether of hematogenous origin or caused 
by an ascending infection, may result in a renal abscess. Commonly, an abscess is the result 
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of obstruction of the ureter by calculi or tumor, leading to hydronephrosis and secondary 
infection in neglected patients. The abscess may be limited to the renal pelvis or may involve 
the entire kidney and perinephric region, in which case the collection of pus may be quite large 

and may mimic a cystic or a solid tumor. 

The aspirate yields purulent exudate that should be submitted for microbiologic study. In 
endemic areas, tuberculosis must be considered as a cause of renal abscess. 

NONCYSTIC BENIGN RENAL DISORDERS 

Renal Infarcts 

Because renal infarcts may mimic a renal tumor in imaging studies, they are occasionally 
aspirated. Silverman et al (1991) reported two such cases. In one case, necrotic gromeruli and 
tubules were observed; in the second, atypical tubular renal cells (presumably the 
consequence of tubular regeneration) were mistaken for an RCC. Thus, renal infarcts must be 
considered in the differential diagnosis of renal tumors. 

Xanthogranulomatous Pyelonephritis 

Xanthogranulomatous pyelonephritis is an unusual, relatively rare form of chronic pyelonephritis 
characterized by the accumulation of foamy macrophages intermixed with plasma cells, 
lymphocytes, polymorphonuclear leukocytes, and occasional giant cells. The clinical 
findings include flank pain, renal mass, hematuria, and recurrent urinary tract infections, usually 
caused by the Proteus species. Staghorn calculi may be present. The radiologic findings 
of a hypovascular nonfunctioning renal mass may be difficult to interpret. Grossly, there 
are discrete or confluent large, yellowish-orange nodules within the enlarged kidney that 
may be confused with RCC. On microscopic examination of tissue sections, the clusters of 
histiocytes with abundant, clear, foamy cytoplasm may superficially resemble clear cell renal 
cortical carcinoma. Akhtar and Qunib (1992) reported a case of bilateral xanthomatous 
pyelonephritis associated with amyloidosis and a small renal carcinoma in one of the native 
kidneys of a patient who had undergone a renal transplant. 

Cytology 

The FNA biopsy shows a polymorphous picture of macrophages and giant cells with foamy 
vacuolated cytoplasm in a background of necrosis and inflammatory cells. The findings may 
superficially suggest clear cell carcinoma, but usually are sufficiently characteristic to establish 
a cytologic diagnosis (Lizza et al, 1984; Sugie, 1991). 

Malakoplakia 

There are several cases of renal malakoplakia on record (for a summary see Esparza et al, 

1989). Hurwitz et al (1992) reported a case of bilateral malakoplakia. Although to our 
knowledge there are no reported cases of renal malakoplakia diagnosed on FNA, this 
possibility should be kept in mind for future reference. The histology and cytology of this 
disorder are extensively discussed in Chapter 22. 

Benign Renal Neoplasms 

Angiomyolipoma 

Renal angiomyolipoma occurs in two distinct clinical settings. It occurs either as a large, 
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single tumor in otherwise normal patients, or as multiple bilateral smaller tumors in 
patients with tuberous sclerosis, a disorder characterized by mental retardation, epilepsy, 
and multiple sebaceous adenomas of the skin (Bennington and Beckwith, 1975; Brodsky and 
Granick, 1989; Silva and Childers, 1989). The tumor may also occur in the retroperitoneum 
(Wadih et al, 1995) and the liver (Nguyen and Catzavelos, 1990). With the widespread use of 
modern imaging modalities, more and more asymptomatic angiomyolipomas of the kidney have 
been diagnosed. The tumor has very characteristic features on CT (Fig. 40-4A). The presence 
of fat, accounting for clear areas, differentiates this tumor from renal carcinoma (Bosniak et al, 

1988). On angiography, the tumor is vascular and may mimic RCC. However, benign and 
usually asymptomatic, large angiomyolipomas are often resected for fear of severe or, rarely, 
fatal hemorrhage. 

Histology 

Renal angiomyolipoma is a benign neoplasm that is composed of a mixture of smooth 
muscle, fat, and tortuous, thick-walled blood vessels (Fig. 40-4B,D). Some of these 
tumors are very cellular and may show mitotic activity in smooth muscle cells. Some of 
the spindly cells may show marked nuclear abnormalities in the form of large and 
hyperchromatic nuclei in bizarre spindly cells with abundant eosinophilic cytoplasm. In 
some tumors, giant cells with huge nuclei and prominent nucleoli may be observed (Eble 
et al, 1997). Such tumors may be confused with malignant mesenchymal tumors, 
leiomyosarcomas, or renal sarcomatoid carcinomas. The presence of needle- or rod-shaped 
crystalloids in the cytoplasm of the tumor cells was reported by Mukai et al (1992). In most 
instances, the characteristic histologic pattern is recognizable, particularly because of the 
presence of fat (Silva and Childers, 1989). The immunohistochemical profile of 
angiomyolipoma is rather distinctive. The cytokeratin stain is negative, whereas actin stain 
is strongly positive, in keeping with the smooth-muscle derivation of the tumor cells. Vimentin 
stain is variable, but HMB-45 (melanoma antigen) stain is positive in perivascular spindly 
epithelioid cells of the tumor. This panel of stains may be helpful in identifying this tumor in 
debatable cases. 
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Figure 40-4 Angiomyolipoma. Angiomyolipoma of the left kidney in a 34-year-old woman 
with no evidence of tuberous sclerosis. A Computed tomography (CT) revealed the tumor 
in the lower pole of the right kidney. The patient was in a prone position. The CT features 
were characteristic of angiomyolipoma, notably because of the presence of clear areas 
representing fat within the tumor. B,D. Tissue sections. B. Numerous thick-walled vessels, 
smooth muscle cells, and fat are present. D. Bundles of smooth muscle cells. Note the 
presence of pleomorphic, atypical nuclei. C,E,F. Aspirate. C. Irregular tissue fragments 
containing smooth muscle cells, fat, and vessels. E. Tissue fragment. Note the irregular 
arrangement of the nuclei and their variable sizes. F. Group of cells with abundant 
cytoplasm. Note the significant differences in nuclear sizes. Most of the nuclei are 
hyperchromatic, but their contour is smooth. These cytologic features may lead to an 
erroneous diagnosis of a carcinoma or a sarcoma. (From Koss et al. Aspiration Biopsy. 
Cytologic Interpretation and Histologic Bases, 2nd ed. New York: Igaku-Shoin, 1992.) 



Cytology 

The classical cytologic presentation of an angiomyolipoma shows small tissue fragments 
composed of fat and bundles of spindly cells (Koss et al, 1992). Fragments of thick-walled 
blood vessels may be observed (Glenthoj and Partoft, 1984; Nguyen, 1984). Gupta et al 
(1998b) searched for the crystalloids described by Mukai et al (1992), but could not find them 
with either light or electron microscopy. Even at low power, some variability in nuclear sizes 
within the spindly cells may be observed (Fig. 40-4C). At higher power, the nuclear variability 
and hyperchromasia are evident (Fig. 40-4E.F). In some cases, mitotic figures and very 
large, hyperchromatic nuclei may be observed, which may lead to an erroneous 
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interpretation of the smear as an RCC (Nguyen, 1984; Granter and Renshaw, 1999). 
Leiomyosarcomas and other spindle cell tumors must be considered in the differential 
diagnosis. In most cases, however, the presence of fat should act as a deterrent to wrong 
interpretation of the smears (Koss et al, 1992). If adequate material is available, 
immunostaining (discussed above) may also be helpful in establishing the correct identity of the 
tumor. 
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Renal Adenoma 

Papillary (Chromophil) Adenoma 

Papillary (chromophil) adenoma is a controversial lesion, primarily defined by its size of 1 cm or 
less in diameter. Nearly all lesions are asymptomatic and found incidentally. It is not known 
whether the lesion is related to papillary renal carcinomas, even though there is some histologic 
similarity, and such lesions are commonly found in kidneys with clinically evident papillary RCC 
(Reuter and Gaudin, 1999). The tumors are well demarcated but nonencapsulated, pale 
gray to yellow nodules in a cortical or subcapsular location. Histologically, they are composed 
of densely packed tubules lined by small, regular cuboidal cells with round, uniform, 
bland nuclei. Tubulopapillary, purely papillary patterns and microcyst formation have been 
noted (Grignon and Eble, 1998). 

The FNA experience with these very small lesions is very modest. Kini (1999) reported tissue 
fragments composed of uniform small cells with high nucleocytoplasmic (N/C) ratios. 

Congenital Mesoblastic Nephroma of Infancy 

Congenital mesoblastic nephroma of infancy is an uncommon benign tumor that was first 
described by Bolande et al (1967). The tumors may be bulky and palpable in newborns and 
infants, and are composed of proliferating fibroblasts and smooth muscle cells with 
preservation of the nephrons. Drut (1992) and Kaw (1994) described the cytologic findings in 
FNA in such cases. Benign spindle cells arranged in bundles were the dominant feature. Of 
note was the presence of epithelial cells derived from renal glomeruli and tubules that 
could have been mistaken for an epithelial component of a malignant stromal tumor, such as 
Wilms' tumor (see below). 

Metanephric (Embryonal) Adenoma 

Metanephric (embryonal) adenomas are rare benign renal cortical neoplasms that are included 
in the new classification of renal neoplasms (Table 40-1). These tumors occur in all age groups, 
most often in women, and produce nonspecific symptoms of a renal mass. Hematuria may 
occur. Polycythemia has been reported in as many as 12% of patients (Hennigar and 
Beckwith, 1992; Davis et al, 1995). 
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Figure 40-5 Metanephric adenoma. A Histology. Closely packed tubular structures with 
papillary infolding (glomeruloid bodies). The tumor cells are monotonous and small with 
scanty cytoplasm. B. Touch-preparation of a nephrogenic adenofibroma (see text). 

TABLE 40-1 CLASSIFICATION OF RENAL CELL NEOPLASMS 

Benign neoplasms (partial listing) 

* 

Oncocytoma 

Papillary (chromophil) adenoma 
Metanephric (embryonal) adenoma 
Nephrogenic adenofibroma 
Malignant neoplasms 
Conventional (clear cell) carcinoma 
Papillary (chromophil) carcinoma 
Chromophobe carcinoma 
Collecting duct carcinoma (CDC) 

Medullary carcinoma 

Renal cell carcinoma (RCC), unclassified 

Tumor of undetermined malignant potential 
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Multilocular cystic RCC 



Adapted from the Heidelberg classification of renal cell tumors (Kovacs et al, 1997). 

* 

In this text, oncocytoma is discussed with malignant neoplasms. 



Histology 

Metanephric adenoma is characterized by tightly packed tubules with papillary 
infoldings, mimicking to some extent the configuration of glomeruli (glomeruloid 
bodies) (Fig. 40-5A). Similarities with Wilms' tumor have been stressed (Davis et al, 1995; 

Jones et al, 1995). A cytogenetic analysis showing trisomies of chromosomes 7 and 17, 
and loss of sex chromosome Y suggested that these tumors are 
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related to papillary RCC, which shows similar findings (Brown et al, 1997). We recently 
encountered a case of papillary carcinoma that arose in a metanephric adenoma, confirming 
the relationship between the two lesions. 

Cytology 

Renshaw et al (1997) described the cytologic pattern of a metanephric adenoma studied by 
FNAin a 48-year-old woman with a tumor 4 cm in diameter. The monotonous small tumor 
cells with scanty cytoplasm, spherical nuclei, and occasional small nucleoli were 
arranged in short, tight papillary clusters and loose sheets. Stains for keratin, epithelial 
membrane, and carcinoembryonic antigens were negative. Zafar et al (1997) described 
two such cases with essentially similar findings. In one of these cases, a preoperative 
diagnosis of Wilms' tumor was made. We have had experience with a touch preparation of 
one nephrogenic adenofibroma (see following topic), which showed only small epithelial 
cells, closely resembling blastema cells of Wilms' tumor (Fig. 40-5B), in keeping with the 
observations of Renshaw et al (1997) and Zafar et al (1997). Thus, the similarities between the 
cytology of benign metanephric adenoma and that of Wilms' tumor are striking. The 
monotonous population of small cells in metanephric adenoma in comparison with the 
triphasic morphology of Wilms' tumor, and to some extent the older age of patients 
with metanephric adenomas, may serve to differentiate these two types of tumor. For a 
description of Wilms' tumor, see below. 

Nephrogenic Adenofibroma and Other Uncommon Benign Lesions 
Nephrogenic adenofibroma is a biphasic tumor composed of an epithelial component, 
similar to that of metanephric adenoma (Fig. 40- 5A), which is separated by bland fibro-blast- 
like cells (Hennigar and Beckwith, 1992; Arroyo et al, 2001). Other benign entities that may 
present as space-occupying lesions of the kidney include benign mesenchymal tumors 
(e.g., leiomyomas, fibromas, and angiomas). We have not seen any aspirated material from 
these lesions, and to our knowledge, no case descriptions have been published. 

MALIGNANT TUMORS OF RENAL PARENCHYMA 

In adults, most malignant renal tumors arise from renal tubules and are therefore designated 
as RCC. The old terms hypernephroma and adenocarcinoma of the kidney are no longer 
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considered appropriate. Asmall number of carcinomas arise from the urothelium of the renal 
pelvis and are identical to carcinomas of the bladder or ureter (see below and Chap. 23). In 
children, Wilms' tumor is the most common malignant renal tumor. 

Nonepithelial malignant tumors (e.g., sarcomas) are exceedingly uncommon, and most arise 
in the renal capsule or hilum (Farrow et al, 1968). 

Renal Cell Carcinoma (RCC) 

Epidemiology and Genetics 

RCC represents about 2% to 3% of all visceral cancers, and accounts for 85% of all renal 
cancers in adults, being more common in males than females. There are an estimated 31,800 
new cases and 1 1 ,600 deaths per year from this disease in the United States (Jemal et al, 

2002). The peak incidence is in the sixth and seventh decades of life. 

A hereditary form of RCC has been described in families with an abnormality of the short arm 
of chromosome 3 (Cohen et al, 1979), accounting for a very small proportion of cases of this 
disease. Rare cases of RCC occur in people with Von Hippel-Lindau disease (i.e., the 
formation of abnormal vessels in the cerebellum and retinas), but most RCCs are sporadic and 
of unknown etiology. The customary villains — smoking and environmental factors — may play a 
role in the genesis of these tumors (McLaughlin et al, 1984; Yu et al, 1986). Dey et al (1996) 
described several cases of RCC in children. 

In recent years, specific genetic abnormalities have been found in the majority of RCCs. 

Based on histologic, cytogenetic, and molecular studies, RCCs are now considered to be a 
histogenetically heterogeneous group of distinguishable tumors with significantly 
different prognoses (Thoenes, 1986; Kovacs, 1991; Van den Berg et al, 1993; Weiss et al, 

1995). Most of these tumors are malignant, but a small minority are now recognized as benign. 

As a result, a new classification of renal neoplasms (shown in Tables 40-1 and 40-2) has 
gained acceptance (Kovacs et al, 1997; Storkel et al, 1997). This classification, in addition to 
documenting a close relationship between the morphologic and genetic features of renal 
tumors, also defines distinct clinical entities (Motzer et al, 1996). Within the malignant 
categories, different morphologic variants have significant differences in 5-year survival rates 
(Reuter and Gaudin, 1999). 

It is now recommended that the old term dear cell carcinoma be replaced by conventional 
carcinoma, with dear cell added in parentheses as an afterthought. Although previously used 
terms such as granular cell and sarcomatoid type of RCC (Murphy et al, 1994) are no longer 
recommended, to us they define specific morphologic subgroups and will be used in this text. 

The rationale behind this change is based on the common origin of these morphologic variants 
from proximal convoluted tubules, and the shared loss of the short arm of chromosome 3 (3p-) 

(Table 40-2). Whether the new classification is clinically superior to the old one remains to be 
seen. 

Staging and Grading 

In 1969, Robson and associates published a staging system for RCC that has been widely 
accepted and correlates well with survival. The system has been repeatedly modified. In the 
latest modification, Fleming et al (2002) proposed that stage 1 and 2 cancers be defined as 
organ-confined with tumor sizes of <7 cm and >7 cm, respectively. Stage 3 tumors extend to 
perinephric tissue (3a), renal vein or vena cava (3b), or vena cava above the diaphragm (3c). 
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Stage 4 

P.1466 

tumors invade beyond Gerota's fascia, or are metastatic to distant organs. Metastases to 
regional lymph nodes upstages stage 1 and 2 tumors to stage 3 tumors. 



TABLE 40-2 RENAL CELL NEOPLASMS: PRESUMED CELL OF ORIGIN AND 
CYTOGENETIC ABNORMALITIES* 


Cell of Origin 


Tumor Type 


Primary Cytogenetic 
Abnormality 


Proximal 

convoluted tubule 


Conventional RCC (subtypes 
included) 


-3p (up to 96%), also 
+5q, -14q 


Distal convoluted 
tubule 


Papillary RCC (PRCC) and 
metanephric “adenoma” 


+7, +17, also +3q, -Y 


Intercalated cells 
(cortex) 


Oncocytoma 


-Y, -1, -14, t(11) 




Chromophobe RCC (ChRCC) 


-Y, -1,-2, -6, -10,-13, - 
17, -21 


Collecting duct 
cells (medulla) 


Collecting duct carcinoma (CDC) 


-1, -6, -14, -15, -22,- 
8p, -13q 




Medullary carcinoma 


Unknown (sickle cell 
trait) 


RCC, renal cell carcinoma; p, short arm of the chromosome; q, 
chromosome; t, translocation; -, loss; +, gain. 


long arm of the 


* 

modified from Reuter and Gaudin, 1999. 





The prognosis of renal cancer depends on the stage and, to a lesser degree, the grade of the 
tumor (Skinner et al, 1971; Bennington and Beckwith, 1975; Colvin and Dickersin, 1978). 
Several grading systems have been proposed over the years, but the scheme put forth by 
Fuhrman et al (1982) based on nuclear size, nuclear membrane irregularity, and nucleolar 
prominence is the most practical and widely accepted. It is summarized in Table 40-3. 

The grading system can be adopted, and the tumor grade appended to reports of FNA biopsy 
of conventional RCC, provided it is understood that variations in grade exist in a given tumor 
and even within a given field. Therefore, sampling can be a problem in limited cytologic 
material, and undergrading is more likely to occur than overgrading. Except for conventional 
RCC, the clinical utility of grading has not been demonstrated. 
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Attempts have been made to replace nuclear grading with measurements of DNAploidy, 
although the value of DNA measurements in such tumors is uncertain (review in Koss et al, 
1989). Cajulis et al (1993) reported a reasonable, but not perfect, correlation between nuclear 
grade and DNAploidy patterns established by flow cytometry. In their study, all of the aneuploid 
tumors had a high nuclear grade, but not all of the diploid tumors had a low nuclear grade. 



TABLE 40-3 FUHRMAN'S GRADING OF CONVENTIONAL RENAL CELL CARCINOMA 



Grade 


Nuclear size 


Nuclear shape 


Nucleolus 


1 


10 


Round, uniform 


Inconspicuous 


2 


15 pm 


Irregular 


Visible 


3 


20 pm 


Obviously irregular 


Large 


4 


>20 pm 


Bizarre, spindle or giant 


Macronucleolus 



Conventional RCC 
Classification and Clinical Data 

Based on the new classification, renal carcinomas (previously classified as clear cell, granular 
cell, papillary, tubulopapillary, or sarcomatoid types) are included in the category of 
conventional RCC, and account for approximately 60% of all renal tumors. 

Clinically, RCC is considered the great imitator (Ochsner et al, 1973). The classic symptoms 
at the time of diagnosis are hematuria, flank pain, and a palpable mass, each of which 
occurs in less than 50% of cases (Ritchie et al, 1983). Nonspecific symptoms may include 
fever, night sweats, weight loss, hypertension, and, rarely, erythrocytosis, anemia, and 
hypercalcemia (Skinner and deKernion, 1978; Brodsky and Gavnick, 1989). Asignificant 
percentage of cases are asymptomatic incidental findings diagnosed by abdominal US or 
CT during workups for other diseases (Konnack and Grossman, 1985; Thompson and Peck, 

1988; Porena et al, 1992). 
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Figure 40-6 Conventional renal cell carcinoma (RCC). A. Gross picture of a 2-cm 
conventional RCC in the inferior pole of left kidney. The tumor was asymptomatic, an 
incidental finding on imaging. Note the golden-yellow cut surface. B. Histology: 
conventional RCC, clear cell type. Note the microtubule or acinar pattern and multiple 
nuclei in many cells. This is a grade 1 tumor. C. RCC with predominantly granular cells. 

The gross appearance is dark yellow to brick red. This large tumor (16 cm in diameter) 
presented as a left abdominal mass and flank pain. D. Histology of conventional RCC with 
predominantly granular cells. Note the presence of cytoplasmic vacuoles containing fat and 
glycogen. The nuclei are larger and some irregularly shaped, with visible nucleoli; 
therefore, this is a grade 2 tumor. E. Conventional RCC with predominantly sarcomatoid 
growth. The gross appearance is fleshy white. F. Histology of spindly (sarcomatoid) RCC. 
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The behavior of RCCs is unpredictable. In some patients, the primary tumor is occult and the 
patient is seen because of metastatic disease, commonly in the bone, lung, liver, or 
subcutaneous tissue. In other patients, metastases of RCC may occur many years after 
nephrectomy. Unexpected sites of metastases that can mimic a primary tumor are the 
thyroid, ovary, salivary gland, and, rarely, pancreas (see appropriate chapters). Finally, 
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RCC in metastatic sites may express a morphologic pattern that is very different from 
the primary tumor, with the spindle-cell pattern being the most common. The 
recognition of metastatic renal cancer is often a diagnostic challenge. 

A diagnostically valuable immunohistochemical feature of RCCs is the simultaneous 
expression of intermediate filaments for keratin (mainly types 8 and 18) and vimentin 

(Pitz et al, 1997). Although similar phenomena may occasionally be seen in other cancers, 
notably thyroid carcinoma, this feature is very helpful in determining the renal origin of 
metastatic foci in various organs (Domagala et al, 1988). 

Gross Features 

Surgically resected RCCs vary in size, from very small (2-3 cm in diameter) to very large (20 cm 
or more). The colors of the cut surface of the tumors show a reasonable correlation with 
histologic patterns. Thus, golden-yellow tumors (Fig. 40-6A,B) are usually composed of clear 
cells, brickred tumors (Fig. 40-6C,D) are granular or oncocytic, and sarcomatoid tumors are 
fleshy-white (Fig. 40-6E,F). The tumor may invade the calyces and the renal pelvis, in which 
case the voided urine cytology may be positive (see Chap. 23). RCCs have a tendency to 
invade the renal veins and thence the vena cava. Hemorrhage, extensive necrosis, 
and cavity formation within the tumor occur frequently. 

Histology 

Most renal carcinomas show a mixture of histologic and cytologic patterns of growth, as 
summarized in Table 40-4. 

Although any tumor may be composed of more than one cell type, the most common 
renal carcinoma is the clear cell type with a classic growth pattern in solid sheets or 
cords. This is particularly true for relatively small tumors. Gland formation may occur. A rich 
network of capillaries and larger blood vessels is present. The cytoplasm of tumor cells 
contains lipid and glycogen, and the nucleus is disproportionately small (Fig. 40-6B). 

In some of these tumors, the dominant type is a cancer cell with denser, more granular and 
eosinophilic cytoplasm, and more conspicuous nuclear abnormalities. These tumors 
were formerly classified as the granular cell type of RCC (Fig. 40-6D). They must be 
distinguished from chromophobe carcinoma, oncocytoma, and rare cases of CDC that may 
contain similar cells (see below). 



TABLE 40-4 MORPHOLOGIC VARIANTS OF CONVENTIONAL RCC 

Histologic Patterns 

Acinar or glandular 
Trabecular 
Solid or alveolar 
Pseudopapillary 
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Cell Types 



Clear cell 

Granular (oncocytic) 
Spindly (sarcomatous) 
Pleomorphic 

Undifferentiated small cell 



Some tumors are composed partly or wholly of spindly cancer cells (Fig. 40-6F), mimicking a 
variety of sarcomas (sarcomatous type of RCC). According to a large study by de Peralta- 
Venturina et al (2001), the sarcomatous change is most common in the conventional type 
of RCC, but it may also occur in other types of renal cancer, such as papillary, 
chromophobe, and collecting duct carcinomas. Many of the patients in that study had 
tumors of high stage, and their prognosis was less favorable than that of tumors without 
this component. 

Some tumors may be composed partly or wholly of very poorly differentiated large or small 
cancer cells. Such poorly differentiated tumors are sometimes difficult to classify (see 
below). 

Cytology 

Aspirates of RCC often contain much blood and may show considerable necrosis with cell 
debris (the latter is particularly evident in tumors with cystic degeneration). Within this 
background, abundant tumor cells, often anchored to capillaries, are usually seen. The 
types of tumor cells observed in conventional RCC in FNA smears are listed in Table 40-4. It 
must be stressed that various types of cancer cells are often simultaneously present in 
the same patient. The cytologic classification of these tumors is usually based on the 
dominant cell type in smears, but is not always representative of the tumor type on 
histologic examination (Renshaw et al, 1997b). As mentioned above, a simultaneous 
expression of keratin and vimentin is very helpful in determining the renal origin of tumors 
(Domagala et al, 1988). 

Aspirates of RCC usually show loosely cohesive flat groups of cancer cells with clear 
cytoplasm with poorly defined cell borders and many single cells. The tumor cells may also be 
seen anchored along capillaries, resulting in a pseudopapillary appearance (Fig. 40-7A). The 
clear cancer cells are large (much larger than benign tubular cells) and have abundant clear 
or faintly blue delicate cytoplasm 
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that is often filled with numerous small vacuoles containing lipid and glycogen but not 
mucin (Fig. 40-7B). The vacuoles are better seen in air-dried smears processed with 
hematologic stains. Phagocytosed hemosiderin may be seen. The nuclei are relatively 
small, but still much larger than those of benign tubular cells. They are only slightly 
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pleomorphic, haphazardly placed, usually hyperchromatic, and contain readily visible 
nucleoli. 




Figure 40-7 FNA appearance of conventional RCC with a mixture of clear and 
granular cells. A. Loosely cohesive flat groups of large cancer cells. Many single cells are 
present. B. High magnification reveals abundant, finely vacuolated cytoplasm and relatively 
small, hyperchromatic nuclei in large cancer cells of various configurations. C. Adjacent 
field shows predominantly granular cancer cells with eosinophilic cytoplasm. D. Another 
example of a renal smear showing side-by-side cancer cells with clear and granular 
cytoplasm. 



In low-grade conventional RCCs, composed predominantly of clear cells, the FNA smears 
fixed in 95% ethanol may show numerous well-preserved nuclei stripped of cytoplasm 
(“naked” nuclei) (Fig. 40-8A.B). This phenomenon is caused by dissolution of the cytoplasmic 
lipids in alcohol, resulting in cytoplasmic disintegration. “Naked” nuclei may also be observed in 
metastatic renal cancers. Some of these nuclei contain prominent ruby-red nucleoli, consistent 
with renal origin. 

In high-grade conventional RCCs, the malignant nature of the cells is usually quite evident 
(Fig. 40-8C,D). The cancer cells have large nuclei with prominent, sometimes ruby-red nucleoli, 
and relatively scanty cytoplasm that is either clear or eosinophilic and granular. It is usually 
easy to recognize such tumors, and the only point of differential diagnosis may be metastatic 
carcinomas, which have a different clinical and radiologic presentation. 

As illustrated in Figure 40-7, most conventional RCCs show a mixture of clear cells and 
granular (oncocytic) cells in an ample FNA sample. The granular cancer cells have an 
eosinophilic, granular cytoplasm, are usually smaller and more uniform than the clear cells, 
and have larger and more atypical nuclei, and hence a higher N/C ratio. Cytoplasmic 
granules, reflecting numerous mitochondria, are well visualized in air-dried smears 
processed with hematologic stains. In H&E- or Papanicolaoustained smears the granules are 
intensely eosinophilic (Fig. 40-7C.D). In some cases, the granular cells are predominant, but 
so long as some clear cells are also present in the smears, the diagnosis of a 
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conventional RCC is favored. The eosinophilic cells may resemble hepatocytes, which 
may be obtained in a misdirected FNA smear and mistaken for granular cells of RCC. Normal 
hepatocytes do not show the nuclear abnormalities seen in granular cancer cells. Lipofuscin 
and bile, when present in the cytoplasm, provide additional clues to the hepatic derivation of 
these cells. Weir and Pitman (1997) noted that the characteristic vascular pattern observed in 

well-differentiated hepatomas was absent in RCC (see Chap. 38). 



P.1470 




Figure 40-8 FNA of low- and high-grade renal carcinomas. A FNA of a small RCC 
(shown in Fig. 40-6A) shows numerous well preserved “naked” nuclei, with some cells still 
retaining their eosinophilic granular cytoplasm. B. Histology of the same case shows a low- 
grade (grade 1) conventional RCC, clear cell type. C,D. Cells of a high-grade RCC with 
clear, scanty cytoplasm forming a cluster. B. Corresponding histology is from metastasis to 
the liver (core biopsy). 



Somewhat similar cells may be observed in two relatively uncommon renal tumors: the 
oncocytoma and chromophobe renal carcinoma. Table 40-5 is a summary of salient 
clinical, cytologic, and ancillary characteristics of renal tumors with granular cytoplasm. The 
very rare collecting duct carcinoma is not included in this table. All of these tumors are 
discussed below. In addition, Reuter (1999) has reported that rare cells with granular 
cytoplasm may occur in angiomyolipoma and metastatic melanoma. 

Among the uncommon cell types of conventional RCCs are undifferentiated cancer cells. This 
term implies the presence of clearly malignant cells of variable shapes and sizes with 
prominent nuclear abnormalities, but no specific features of RCCs. The cells occur singly or 
in very loosely structured aggregates, and are sometimes very large and multinucleated. In our 
experience, the pleomorphic cells with very large nuclei are relatively uncommon in renal 
FNA and always indicate the presence of a high-grade tumor (Fig. 40-9A). The interpretation 
of such cells depends on the company they keep. In the presence of at least some classic 
cancer cells with clear or granular cytoplasm, the most likely diagnosis is RCC. If the 
pleomorphic cells occur alone, the possibility of a metastatic carcinoma from an extrarenal 



2561 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th EdtO - The Kidneys, Adrenals, and Retroperitoneum 
site must be entertained. 

In still other types of tumors, some of the undifferentiated cancer cells are quite small and 
occur singly and in small clusters (Fig. 40-9B). These cells, which have relatively large 
hyperchromatic nuclei and scanty, clear cytoplasm, may occur in conventional RCC and 
may be accompanied by clear or granular cancer cells. However, similar cells may also be 
found in Wilms' tumor, metastatic small cell carcinoma, and a large cell lymphoma. The 
interpretation depends entirely on the smear pattern, which is quite different in each of these 
entities (see below). 

In some conventional RCCs and in carcinomas composed of spindly cells, the cancer cells tend 

to be elongated or spindly and may be similar to fibroblasts. They have delicate, finely 
vacuolated, abundant, faintly granular cytoplasm and pleomorphic ovoid to elongated 
nuclei, usually with prominent nucleoli (Fig. 40-9C,D). Such cells correspond to areas of 
the primary tumor that are composed of elongated cells (see Fig. 40-6F), and may also occur 
in metastatic foci, mimicking a sarcoma (Koss et al, 1992). 

R 1 47 1 



TABLE 40-5 RENAL CELL TUMORS WITH GRANULAR CYTOPLASM 

RCC With 

Chromophobe RCC Predominant Granular 
Oncocytoma (ChRCC) Cells 



Relative 

incidence 


3-7% 


6-11% 


Not known but 
common in higher 
grade lesions (all 
variants 60%) 


Natural 

history 


Essentially 

benign 


Mortality 6% 


Mortality 38% 


Average 
tumor size 
and location 


6 cm (central 
stellate scar in 
1/3), often 
subcapsular 


Large (9 cm), 
cortical 


5.5 (recent series )-8 
cm (older series); more 
common in upper pole 


Smear pattern 


Predominantly 
isolated cells or 
small aggregates 


More aggregates 
Some single cells 


Loose clusters and 
single cells, bare 
nuclei 


Cell size and 

cytoplasmic 

characteristics 


Very large, 
uniform, low N/C 
ratio 

Homogeneous, 
dense pink 
granular 


Large, pleomorphic 
with high N/C ratio 
Dense pink 
granular cytoplasm 
with perinuclear 
pale zones 


Medium, uniform to 
pleomorphic, high N/C 
ratio. 

Sometimes vacuolated 
pink granular 
cytoplasm 
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cytoplasm 



Nuclear 


Uniform, small 


Uniform to 


Large (15-20 pm) 


features 


and round (8-10 


pleomorphic (10-15 


relatively uniform 




pm), 


pm) 


Fine chromatin, large 




Finely granular 
chromatin 
Inconspicuous 
nucleoli 
No mitoses 


Notched nuclear 
contour 

Coarse chromatin 
Prominent nucleoli 


nucleoli 


Ancillary tests 


Stain for lipid 


Hale's colloidal iron 


Stain for lipid and 




and glycogen 


stain positive 


glycogen positive in 




negative 


EMA positive 


some cells 




EMA positive 


LMW keratin 


EMA positive 




LMW keratin 


negative 


LMW keratin negative 




positive 

Vimentin 

negative 


Vimentin negative 


Vimentin positive 



EMA, epithelial membrane antigen; LMW, low molecular weight; N/C ratio, 
necleocytoplasmic ratio. 



Variants of Conventional Renal Cell Carcinoma 
Multilocular Cystic Renal Cell Carcinoma 

Approximately 3% of conventional RCCs are multicystic. Adults on long-term dialysis 
constitute a high-risk group (Truong et al, 1995). The gross appearance of these tumors is 
that of a multiloculated cystic mass, separated from the renal parenchyma by a thick fibrous 
capsule. The cysts are variable in size and separated from each other by thin fibrous septa. 
The cyst contents are serous or bloody, and are either fluid or clotted. Golden-yellow rims 
of tumor may be visible in some cyst walls, but there are no visible tumor masses (Fig. 40- 
10 A). 

In histologic sections the cysts are lined by one or more layers of neoplastic epithelial 
cells, occasionally with papillary tufting. The golden-yellow portions of the cyst wall usually 
show a typical RCC composed of clear cancer cells (Fig. 40-10B). Nonneoplastic stroma 
shows numerous hemosiderin-laden macrophages. 

Cytology 

The FNAs yield a variable amount of fluid. The smears are sparsely cellular and may show 
macrophages and leukocytes. The malignant cells are often reduced to bare nuclei with 
prominent nucleoli or uniform small cells with clear cytoplasm and bland nuclei (Fig. 40-1 0C). 
In sparsely cellular specimens with uniform tumor cells, a diagnosis may be difficult to establish 
(Kini, 1999). The prognosis is generally excellent (Koga et al, 2000). 

Rena! Cortical Adenomas Versus Small Rena! Cell Carcinomas 
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Renal epithelial tumors measuring less than 3 cm in diameter are, as a rule, an incidental 
finding. The tumors are generally benign and for many years have been designated as 
adenomas. However, as early as 1938, Bell (1938) observed that renal tumors measuring less 
than 3 cm in diameter are sometimes capable of forming metastases. The present 
consensus among urologists and pathologists is that these tumors represent small RCCs. 

The small tumors are either composed of clear cells or they show packed papillary structures 
lined by cuboidal cells. There are no light-microscopic, immunohistochemical, or electron- 
microscopic features to distinguish them from conventional RCC of the clear cell type. 

Cytology 

Because of their small size, these tumors are rarely aspirated. The cytologic presentation is 
identical to that of a low-grade conventional (clear cell variant) of RCC, as described above. 

P.1472 




Figure 40-9 A. Renal carcinoma with pleomorphic cells. Pleomorphic cancer cells with 
abundant cytoplasm and large irregular nuclei. Such cells are usually observed in very 
high-grade tumors, but may also represent metastatic cancer. B. Conventional RCC with 
small cells. Undifferentiated small cells with scanty clear cytoplasm. The presence of 
phagocytosed hemosiderin is in favor of an RCC. C,D. Spindle cell carcinoma of the 
kidney. C. Elongated cancer cells with clear cytoplasm. Although the nuclei are 
hyperchromatic and of variable sizes, they are not conspicuous. D. Corresponding 
histology. Such findings are not uncommon in metastatic sites, where they may be 
mistaken for a sarcoma. 



Rare Variants 

Unger et al (1993) described a variant of RCC with eosinophilic cytoplasmic globules or 
inclusions, which stained magenta in Diff-Quik-stained FNA, in otherwise classic clear cancer 
cells. The inclusions were thought to represent a form of glycogen. Hirokawa et al (1998) 
described a conventional RCC with melanin-like pigment in the cytoplasm of cancer cells. 
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Papillary Renal Cell Carcinoma (PRCC or Chromophil Carcinoma) 

Papillary RCC (PRCC) represents 7% to 14% of primary epithelial renal tumors. The mean age 
at the time of diagnosis (61 .8 years) is similar to that for conventional RCC. The ratio of males 
to females is 1.8 to 1. The tumors are frequently multifocal and occasionally bilateral (Amin et 
al, 1997). The tumors, which are of variable sizes at the time of diagnosis, are often small and 
located in the poles of the kidneys, which permits surgical treatment by partial 
nephrectomy (Lager et al, 1995; Renshaw and Corless, 1995). This has been our experience 
also. These tumors are usually hypovascular on angiography, but often show intramural 
hemorrhage (Fig. 40-11 A). Genetic data document that PRCC is a distinct entity separate 
from the conventional RCC (see Table 40-2). 

It has been known for many years that papillary carcinoma of the kidney carries a much 
better prognosis than conventional renal carcinoma (Koss et al, 1992). In a large study, Amin 
et al (1997) reported an overall 5-year survival rate for PRCC of about 90%, which is much 
higher than that of conventional RCC (estimated at about 50%). The 5-year survival of patients 
with stage 1 papillary carcinoma is close to 100% (Robson et al, 1969). 

Histology 

The hallmark of this tumor is the formation of papillae with wide cores that are filled with 
large foamy macrophages (Fig. 40-1 IB). Delahunt and Eble (1997) observed two types of 
epithelial cells surfacing the papillae. In about two thirds of the cases, the surface of the 
papillae was formed by small epithelial cells with pale cytoplasm and oval nuclei. In the 
remaining cases, the papillae were surfaced by large eosinophilic or basophilic 
(chromophil) epithelial cancer cells with large nuclei, and hence a high N/C ratio. The 
nuclear texture is generally finely granular, and enlarged 
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nucleoli of moderate sizes are often present. The neoplastic cells often contain large 
amounts of ingested hemosiderin (Fig. 40-10). Psammoma bodies are not uncommon, 
particularly in tumors with large cells. Solid variants of PRCC have been described based on 
cytogenetic findings (Renshaw et al, 1997). 
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Figure 40-10 Multilocular cystic RCC. A Gross appearance of a multilocular cystic RCC. 

B. Histologic sections of light-yellow areas show a grade 1 conventional RCC with cystic 
changes. FNAof multilocular RCC may be unrewarding (see text). C. Sparse tumor cells 
with clear and vacuolated cytoplasm in a background of macrophages and leukocytes. 



Cytology 

The cytologic presentation of papillary carcinoma in FNAis quite characteristic and 
corresponds to the two subtypes described by Delahunt and Eble (1997). In both subtypes, the 
smears contain a large number of foamy macrophages with finely vacuolated cytoplasm 
and small nuclei derived from the disrupted cores of the papillary fronds. The macrophages 
form a unique background wherein cancer cells, occurring singly or in small papillary 
clusters, can be observed (Fig. 40-1 1C). Two types of cancer cells may be observed. In most 
cases, the cells are small and cuboidal, and are provided with a delicate cytoplasm and 
relatively small nuclei with prominent nucleoli (Fig. 40-1 1C). In other cases, the cancer cells 
are larger and approximately spherical, with eosinophilic cytoplasm; crisp cytoplasmic 
borders; large, somewhat hyperchromatic, roughly spherical nuclei; and clearly visible 
nucleoli of various sizes often arranged in papillary fronds (Fig. 40-1 ID). Cancer cells 
containing brown hemosiderin crystals are common (Fig. 40-1 ID) and, along with 
macrophages, constitute a valuable clue to the diagnosis of PRCC. Psammoma bodies occur 
from time to time but are not a constant finding (Dekmezian et al, 1991). 

The primary differential diagnosis is with conventional RCC that may sometimes exhibit 
a pseudopapillary growth pattern. The homogenous rather than vacuolated cytoplasm of the 
tumor cells, and the presence of large macrophages, hemosiderin, and occasional psammoma 
bodies are unique to papillary tumors and allow for an easy distinction to be made in most 
cases. 

Chromophobe Renal Cell Carcinoma 

Thoenes et al (1985, 1988) recognized this relatively uncommon variant of renal epithelial 
tumors and illustrated its morphologic, histochemical, and ultrastructural features (see Table 40- 
5). The tumor has a unique genetic make-up (see Table 40-2). The age and sex distributions 
are virtually identical to those seen in conventional RCCs. Most patients with this tumor (60%) 
are asymptomatic, approximately 30% have a palpable mass, and a minority have hematuria. 

Stage for stage, ChRCCs carry a significantly better prognosis than conventional RCCs. 

Grossly, these are large tumors (9 cm in diameter, on average), usually located in the renal 
cortex. The cut surface is lobulated and gray-brown. Microscopically, the tumor is usually 
composed of large tumor cells with relatively small nuclei (10-15 pm in diameter), forming 
solid nests separated by delicate fibroconnective tissue septa (Fig. 40-1 2A). The cell 
membrane is well defined, and the cytoplasm 
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in most cases is very pale and transparent (typical chromophobe tumors) or, in some 
cases, eosinophilic and granular (Fig. 40-1 2D). 
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Figure 40-11 Papillary RCC (PRCC). A Large PRCC with intramural hemorrhage. The 
upper portion of the tumor with a yellowtan appearance showed abundant foamy 
macrophages. B. Histology reveals neoplastic papillary fronds with large foamy 
macrophages in the center. C. Aspiration smear of a papillary renal carcinoma showing a 
large papillary cluster of epithelial cells with large, bland nuclei and tiny nucleoli. There are 
numerous large macrophages in the background. D. Numerous hemosiderin crystals are 
seen in this papillary frond of neoplastic cells from another case. 



Ultrastructurally, the tumor cells are rich in cytoplasmic vesicles that contain acidic mucins, 
which accounts for the positive stain of the cytoplasm with Hale's colloidal iron reaction. 
In tumor cells with granular cytoplasm, the density of mitochondria is increased (Thoenes et 
al, 1988). ChRCCs with eosinophilic (acidophilic), granular cytoplasm may be confused 
with oncocytoma (see below) and, to a lesser extent, with granular cell variants of 
conventional RCC. In contrast to the common RCCs, however, ChRCCs do not react with 
vimentin (Thoenes et al, 1988). 



Cytology 

These large tumor cells of variable configuration have abundant cytoplasm that is clear 
or granular in the center of the cell, and condensed at the periphery (Fig. 40-1 2B). 
Recognizing this cytoplasmic feature is the key to the diagnosis. The perinuclear pale 
zone is somewhat reminiscent of koilocytes, which are observed in squamous cells in 
cervical smears from patients infected with human papillomavirus (see Chap. 11). The 
eosinophilic or granular variant resembles oncocytes or hepatocytes. The nuclei are often 



2567 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ec&O - The Kidneys, Adrenals, and Retroperitoneum 

peripheral in location, have irregular outlines, and vary somewhat in size but seldom exceed 
15 pm in diameter (Fig. 40-12B,C). Binucleation is common. Although the nucleoli are visible 
in many cells, they are not conspicuous. 
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Characteristically, the cells stain strongly with Hale's colloidal iron, express epithelial 
membrane antigen (EMA), and are vimentin-negative (see Table 40-5). 
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Figure 40-12 Chromophobe RCC (ChRCC). A Histology of the classic ChRCC. Note 
that the pink, granular cytoplasm is condensed at the periphery, with many cells showing 
perinuclear clearing. B. Cytology of ChRCC. The cells show abundant fluffy cytoplasm with 
central clearing and peripheral nuclei. C. Eosinophilic variant of ChRCC metastatic to the 
liver. Note the cells with peripheral nuclei. D. Cell block of the same case. (C: Pap stain, * 
400.) 



Oncocytomas 

Although renal oncocytomas are essentially benign, they are sufficiently similar to renal 
carcinomas to be described here rather than with benign lesions. This tumor was first described 
by Zippel (1942) and was largely ignored until the publication of 13 cases by Klein and Valensi 
(1976). Additional cases were described by Lieber et al (1981). It is estimated that oncocytomas 
comprise 3% to 7% of all primary renal neoplasms (Reuter and Gaudin, 1999). The majority of 
the patients are asymptomatic, and the tumor is discovered during workups for other, unrelated 
conditions. Most series show a wide age distribution, with peak incidence in the seventh 
decade of life. Men are affected nearly twice as often as women (Amin et al, 1997; Perez- 
Ordonezetal, 1997). 

On angiography, oncocytomas show an avascular or hypovascular core, presumably 
secondary to the central stellate scars that are observed in about one third of the cases. The 
average tumor size is 6 cm. The cut surface reveals an encapsulated, uniform, mahogany- 
brown tumor. Necrosis and hemorrhage are absent (Fig. 40-1 3A). 

The most common genetic abnormality is loss of chromosome 1 and Y, which is also seen in 
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ChRCC (see Table 40-2). Both tumors are thought to arise from intercalated cells of the 
renal cortex, and may show striking gross and microscopic similarities (see Table 40-5). 

As with oncocytic tumors of other organs, such as the salivary glands, thyroid, or parathyroid, 
renal oncocytomas are composed of large cells with granular, eosinophilic cytoplasm 
devoid of vacuoles and supported by delicate fibroconnective tissue septa. The nuclei 
are small, round, and uniform (Fig. 40-13B). Of all the renal tumors with eosinophilic 
cytoplasm (see Table 40-5), oncocytomas have the smallest nuclei, measuring 8-10 pm in 
diameter. Mitotic figures and papillary features are absent. Microcysts filled with blood may be 
present. Ultrastructurally, the cytoplasm of tumor cells is packed with mitochondria to the 
virtual exclusion of any organelles other than a few lysosomes. Thus, electron microscopy 
remains the gold standard for confirming this diagnosis. Stains for lipid and glycogen are 
negative. 

If strict diagnostic criteria are followed and the diagnosis of oncocytoma is limited to tumors 
composed exclusively 
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of well-differentiated oncocytes with small nuclei, the prognosis is excellent and the tumor is 
considered to be benign. However, there have been reports that at least some tumors may 
invade the parenchyma of the kidney and may recur (Rodriguez et al, 1980; Lieber et al, 1981). 

For tumors diagnosed as oncocytomas that produce metastases, the possibility of 
misclassification must be considered. As an example, we recently reviewed a case that was 
initially classified as oncocytoma and was resected in 1985. Two years later, a mass in the liver 
was discovered and aspirated. The FNA smears strongly suggested that the cells represented 
metastatic renal tumor. The “oncocytoma” from 1985 was reclassified as ChRCC (Fig. 40- 
12A.E3). Also, oncocytomas may be associated with conventional RCC (Klein and Valensi, 

1976; Fromowitz and Bard, 1990). 




Figure 40-13 Oncocytoma. A Gross appearance of an oncocytoma. The tumor is often 
subcapsular, uniformly tan to mahogany brown, and may show blood-filled microcysts but 
no necrosis or hemorrhage. B. Histology of the oncocytoma: very large uniform cells with 
dense, pink, granular cytoplasm and disproportionately small, uniform nuclei. The cells are 
supported by delicate fibroconnective tissue. C,D. Oncocytomas in aspiration biopsies. 
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Note the faintly granular, eosinophilic granular cytoplasm and small nuclei. 



Cytology 

As first described by Rodriguez et al (1980), the FNA smears contain a uniform population of 
large eosinophilic granular cells (oncocytes) that are either isolated or form small, loose 
aggregates. The cell borders are well defined and the nuclei are quite small and round, with 
finely granular chromatin and inconspicuous, tiny nucleoli (Fig. 40-13C,D). Although 
oncocytic-type cells may also occur in the chromophobe or granular cell types of 
conventional RCC, these two lesions are characterized by significant nuclear abnormalities, 
including large nucleoli that are not observed in oncocytoma (Wiatrowska and Zakowski, 

1999) (see Table 40-5). 

Collecting Duct Carcinoma (CDC) 

Collecting duct carcinomas (also known as carcinomas of the ducts of Bellini) are very 
rare, aggressive renal tumors. They account for less than 1% of malignant renal tumors, and 
are thought to arise within the collecting ducts of the renal medulla. Cytogenetic findings 
support the concept that the CDC is a distinct entity (Schoenberg et al, 1995) (see Table 40-2). 

CDCs are usually located in the medulla of the kidney, adjacent to the renal pelvis, and 
tend to develop in younger patients with symptoms of hematuria, pain, and weight loss, and 
the presence of a palpable mass. Fifty percent of these patients have metastatic disease to 
the lymph nodes, bone, and viscera at the time of diagnosis. 

In tissue sections, the tumors are composed of neoplastic ducts and tubules lined by clearly 
malignant cells, some 
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of which have granular cytoplasm (Fig. 40-1 4A), and of nests of clear cells embedded in 
fibroblastic stroma that is sometimes very dense. Mucin may be present in some of the 
glandular structures. Adjacent renal tubules may show dysplastic changes (Kennedy et al, 

1990), and psammoma bodies may be present. 




Figure 40-14 Histology of collecting (Bellini) duct carcinoma. A Neoplastic 
ducts/tubules are lined by cancer cells with eosinophilic cytoplasm and large, 
hyperchromatic nuclei with prominent nucleoli. Mucin vacuoles may be seen. B. Cell block 
of FNA of medullary carcinoma. The microscopic presentation is not specific. 



2570 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th EdtO - The Kidneys, Adrenals, and Retroperitoneum 



Cytology 

Because they are located in the vicinity of the renal pelvis, CDCs may be recognized in 
urinary sediment (Mauri et al, 1994; Caraway et al, 1995), retrograde brushings of the renal 
pelvis (Zaman et al, 1996), and transcutaneous FNAs (Layfield, 1994; Caraway et al, 1995; 
Ono et al, 2000). The neoplastic cells are medium-sized and uniform, with scanty 
eosinophilic granular or vacuolated cytoplasm, very large hyperchromatic nuclei, and 
very large multiple nucleoli (Layfield, 1994; Caraway et al, 1995). The cancer cells occur 
singly or form large aggregates, some of which may have a papillary configuration. Caraway 
et al (1995) reported the presence of psammoma bodies in about one half of their patients. It 
is debatable whether the cytologic findings, although clearly consistent with a malignant tumor, 
are specific for CDC. In several of the reported cases, a diagnosis of poorly differentiated RCC 
was rendered first. The location of the tumor should be considered in the diagnosis. It may 
also be noted that none of the other renal tumors with granular cytoplasm have equally large 
nuclei (see Table 40-5). 

Medullary Carcinoma 

Medullary carcinomas represent a unique group of rare, highly aggressive, and nearly always 
fatal renal tumors that almost exclusively occur in young patients with sickle-cell trait or 
anemia (Davis et al, 1995). These tumors share many morphologic features with CDC and 
are composed of cells with markedly abnormal, large, irregular nuclei and prominent 
nucleoli arranged in solid nests and irregular tubules. A microcystic growth pattern is 
also common. The stroma is composed of dense connective tissue that is infiltrated by 
inflammatory cells. 

A case report of FNAof a medullary carcinoma was recently published ( Qi et al, 2001). The 
diagnosis of malignant renal tumor was established in a 14-year-old African-American boy with 
disseminated metastases and sickle cell trait. We have not seen an FNA smear from such a 
tumor. However, we recently observed a positive urine cytology and needle core biopsy from 
a 27-year-old African-American patient with disseminated medullary carcinoma. In the absence 
of appropriate clinical context (i.e., a young male with sickle cell trait), this specific diagnosis 
would be impossible to establish. 

CARCINOMA OF THE RENAL PELVIS 

For the most part, tumors of the renal pelvis are morphologically identical to urothelial 
tumors of the bladder, and they may be papillary or nonpapillary. These tumors often 
precede or follow similar tumors of the bladder. Squamous carcinoma and adenocarcinoma 
are rare (Bennington and Beckwith, 1975; Davis et al, 1987; Koss et al, 1992; Koss, 1995). 
Tumors of the renal pelvis frequently cause hematuria and ipsilateral pain. Urine cytology 
may contribute to the detection and diagnosis of many of the high-grade tumors, but is 
not helpful in diagnosing well-differentiated, low-grade papillary tumors (Koss, 1992, 
1995) (see Chap. 23). 

Occasionally in imaging studies, carcinomas of the renal pelvis cannot be 
differentiated from tumors of the renal parenchyma. In such cases, transcutaneous FNA 
may contribute to the diagnosis. The uteroscopicallyguided retrograde FNA is technically 
extremely difficult. The FNA smears reflect the histology of the tumors. 

Cytology 
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The aspirates of low-grade papillary urothelial tumors may show papillary fronds that must 
be differentiated from 



PRCC. The make-up of these fronds, which usually display umbrella cells on the surface, is 
discussed at length in Chapter 23. 



Figure 40-15 Renal pelvic carcinoma. A The aspiration smear shows sharply 
demarcated cancer cells with large nuclei and eosinophilic cytoplasm in Pap stain. B. 
Similar cells stained with Diff-Quik. C. Retrograde biopsy of the renal pelvic tumor showed 
a high-grade urothelial cancer. 



High-grade urothelial carcinoma and its squamous or glandular variants yield obviously 
malignant cells, either dispersed or arranged in loose clusters (Koss et al, 1992; Koss, 1995). 
Urothelial carcinoma cells usually have a sharply demarcated homogeneous cytoplasm 
and large, compact, hyperchromatic nuclei (Fig. 40-15). These cells differ significantly from 
RCC cells and are recognizable. Other tumor types shed cells as described in Chapter 23. 

MALIGNANT RENAL TUMORS IN CHILDREN 

Only about 500 malignant renal tumors occur annually in children in the United States 
(Beckwith, 1983); therefore, most pathologists have only limited experience with these tumors. 
Wilms' tumor is by far the most common, accounting for 85% of cases. Three other types of 
pediatric renal tumors — benign mesoblastic nephroma, malignant clear cell sarcoma, and 
rhabdoid tumor — are exceedingly rare. 

Wilms' Tumor (Nephroblastoma or Carcinosarcoma) 

Wilms' tumor occurs mainly in infants and children younger than 10 years of age (Weeks et 
al, 1991). Rarely, the tumor occurs in adolescents and adults (Kilton et al, 1980; Wong and 
Zaharopoulos, 1983; Berkley et al, 1990; Li et al, 2002). Similar tumors may occasionally occur 
in extrarenal locations (Waingankar et al, 1995; Babin et al, 2000) and have been found in the 
uterus, cervix, ovary, and testis (Gillis et al, 1994). 
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Children with this tumor are usually seen because of a palpable but asymptomatic 
abdominal mass that was discovered by a parent, or, rarely, because of complaints from the 
child (Fig. 40-1 6A). Approximately 25% of these patients have distant metastases (usually to 
the lymph nodes, lung, and liver) when first seen. Modern-day chemotherapy and 
radiotherapy preceding or following surgical resection may cure 85% to 90% of Wilms' 
tumors, even if the tumor is disseminated. A small subgroup of anaplastic Wilms' tumors (see 
below) has an unfavorable prognosis. 

Some of these tumors may be recognized in voided urine sediment (see Chap. 23). FNA is 
relatively rarely utilized prior to surgery because in most instances the diagnosis is fairly 
obvious clinically and radiologically, and because a larger sampling is required to assess 
favorable vs. unfavorable histologic patterns. Paradoxically, open or needle core biopsy may 
upstage a stage 1 tumor to stage 2 (Beckwith, 1998). 

Ellison et al (1996) listed the indications for FNA that may be used as a diagnostic modality 
when there is uncertainty as to the identity of the tumor, or to confirm unresectable or 
bilateral tumors, and the presence of metastases. 
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Figure 40-16 Wilms' tumor. A Gross appearance of a Wilms' tumor in a 5-year-old boy. 
The central part of the tumor is largely necrotic. B. Histology of Wilms' tumor. The typical 
triphasic appearance of Wilms' tumor shows undifferentiated blastema cells, tubular 
epithelial cells, and spindly stromal cells. C : D. Cytology of the Wilms' tumor. C. Small tumor 
cells arranged in papillary clusters. D. Blastema component of the Wilms' tumor. ( C. : Diff- 
Quik stain.) 



Histology 

Wilms' tumors are composed of three fundamental elements: (1) an embryonal epithelium 
that mimics tubules and glomeruli, and is surrounded by (2) undifferentiated small 
malignant cells, known as the blastema; and (3) stromal elements of a spindle cell 
sarcoma, or sometimes a rhabdomyosarcoma, with striated muscle cells (see Fig. 40- 
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16B). The three tissue types occur in various proportions and are arranged in a haphazard 
fashion. Other epithelial types, such as glandular or squamous epithelium, may occur. A small 
subgroup of these tumors is anaplastic, containing cancer cells with huge hyperchromatic 
nuclei and numerous, often multipolar mitotic figures (Faria et al, 1996). The epithelial elements 
of these tumors stain for keratin, whereas vimentin stains stromal elements. Stains for desmin, 

S100, and endocrine markers are usually negative. Ellison et al (1996) reported that DNAploidy 
in three such tumors was near-diploid. 

Cytology 

The FNA smears of Wilms' tumor are usually cellular. The three elements of the tumor are not 
always present. The most common pattern is that of a small cell malignant tumor, reflecting 
the blastema cells (Fig. 40-16D). These small cells with relatively large, hyperchromatic 
nuclei and a very scanty, usually indiscernable rim of cytoplasm, are either dispersed or 
form loosely structured aggregates. The somewhat larger epithelial cells, which form three- 
dimensional tubules or spherical aggregates that mimic glomeruli, are present in 
approximately one half of the cases (Fig. 40-1 6C). At the periphery of the clusters, the epithelial 
cells usually appear cuboidal or columnar, and their nuclei are large and hyperchromatic. 

Spindly stromal cells, some of which have cytoplasmic cross-striations, are also present 
in about half the cases (Quijano and Drut, 1989; Akhtar et al, 1989b; Dey et al, 1992; Koss et 
al, 1992; Hazarika etal, 1994; Koss, 1995). 

In an FNA of the uncommon anaplastic form of Wilms' tumor, Drut and Pollono (1987) 
observed obvious large, bizarre cancer cells with large nuclei and nucleoli in the presence 
of some of the other tumor elements. We have not observed such a case. 

The differential diagnosis of the common type of Wilms' tumor includes other small-cell 
malignant tumors of childhood, such as neuroblastoma, wherein cells form rosettes and 
neurofilaments; Ewing's sarcoma, which is characterized by tumor cells that contain 
glycogen and stain with periodic acid-Schiff (PAS); embryonal rhabdomyosarcoma, 
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which is recognizable in the presence of strap cells with cytoplasmic cross-striations; and 
non-Hodgkin's lymphoma, which is recognizable because of dispersed tumor cells with 
nuclear abnormalities. Except for the rare striated, elongated cells of rhabdomyosarcoma, 
none of the other features occur in Wilms' tumor. A detailed description of the tumors included 
in the differential diagnosis is provided in the appropriate chapters. 

Wilms ' Tumor in Adults 

Wilms' tumor in adults is a rare event. Several case reports of cytologic findings in FNA have 
been published (Wong and Zaharopoulos, 1983; Berkley et al, 1990; Koss et al, 1992; Li et al, 

2002). As in infants and children, the dominant element is small blastema cells; however, Li et 
al (2002) also observed epithelial and stromal elements of the tumor. They described 
cytogenetic findings in one case, and reported multiple chromosomal abnormalities. 

In a case described by Koss (1995), a tumor observed in the kidney of a 54-year-old man was 
thought to represent renal carcinoma. Achest radiogram disclosed multiple small lung 
metastases. The FNA disclosed small tumor cells that occurred singly and in loosely structured 
small clusters (Fig. 40-17). The differential diagnosis included metastatic small-cell 
carcinoma and malignant lymphoma. A renal tisue biopsy disclosed a small-cell tumor, 
possibly a Wilms' tumor. The patient responded dramatically, although only temporarily, to the 
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chemotherapy regimen used to treat pediatric Wilms' tumors. 

Rhabdoid Tumor 

The rhabdoid tumor is an exceedingly rare renal tumor that occurs predominantly in infants 
and young children. The tumor is highly aggressive and has a poor prognosis (Weeks et al, 

1989, 1991). The histogenesis is unknown. Rhabdoid tumors have now been reported in all 
age groups and in sites other than the kidney (Parham et al, 1994; Fanburg-Smith et al, 1998; 

Ogino et al, 2000). 




Figure 40-17 Adult Wilms' tumor. A Aspirate of a renal mass in a 54-year-old man. 
Clinically, the lesion was suspected of being a renal carcinoma. The smear pattern shows 
small cancer cells forming loosely structured clusters. B. The biopsy of the tumor disclosed 
the neoplasm composed of nests of small cells, interpreted as adult Wilms' tumor. Although 
the patient had multiple metastases, he did well on conventional Wilms' tumor therapy, but 
died of disease about a year and a half later. 



In tissue sections, the tumor is composed of a single population of cells that may vary in size 
and configuration from round or oval to spindly. The characteristic feature of these tumors is the 
presence of large, eosinophilic cytoplasmic inclusions that displace the nucleus of the cell 
to the periphery. On electron microscopy, the inclusions are composed of intermediate 
filaments. There is no evidence that the cytoplasmic inclusions represent an accumulation of 
myoglobin, but it is the appearance of myoglobin that gave the tumor its name. Similar 
cytoplasmic inclusions that stain with an antibody to myoglobin may be observed in cells of 
rhabdomyosarcoma. From time to time, similar cytoplasmic inclusions may be observed 
in other tumors, including undifferentiated large-cell lung cancer. To our knowledge, there is 
only one published description of the cytologic findings in FNA biopsies of rhabdoid renal 
tumors. In three patients, Akhtar (1991) observed large polygonal cells with abundant 
dense pink cytoplasm, large intracytoplasmic eosinophilic inclusions, and large nuclei 
with macronucleoli. 

Clear Cell Sarcoma of Kidney 

Clear cell sarcoma of the kidney, also known as bonemetastasizing renal tumor, is a rare, 
highly aggressive tumor that occurs in young children (average age = 3 years). Metastases to 
the skeleton, particularly the skull, are known to occur. 

In tissue sections, the tumors may show several histologic patterns. Tumors with the 
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classic pattern are composed of small cells with clear cytoplasm. The nuclei are small and 
often show prominent grooves. Other tumors may form tubules and thus mimic Wilms' tumor. 
Spindle-cell, epithelioid, and myxoid patterns may also occur, and the latter appears 
deceptively innocuous (Beckwith, 1999). 

Information regarding the cytologic presentation of this 
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tumor in FNA samples is scanty and limited to a few case reports. In smears, Akhtar et al 
(1989), Drut and Pomar (1991), and Krishnamurthy and Bharadwaj (1998) observed bland, 
polygonal, stellate, or spindle-shaped cells with variable amounts of cytoplasm, occurring 
singly and in clusters. Perhaps the most characteristic feature of these tumors, as stressed by 
Krishnamurthy and Bharadwaj (1998), was the appearance of the nuclei, which showed 
deep nuclear indentations and grooves. Other observers reported monotonous nuclei with 
fine chromatin and sometimes small nucleoli. It is quite evident that the cytologic experience 
with these tumors is too limited to allow for the formulation of a reliable cytologic picture of 
diagnostic value (see also Chap. 36). 

Mesoblastic Nephroma 

Mesoblastic nephroma is a rare congenital renal tumor that occurs in infants (3 months of 
age or less), usually in the medulla of the kidney. Histologically, the classic pattern of this 
tumor in tissue sections consists of spindly cells, mimicking a leiomyoma. An atypical 
pattern, mimicking a small-cell malignant tumor with numerous mitoses, is also recognized. In 
general, this tumor has an excellent prognosis, but it is also capable of invading the kidney and 
metastasizing, particularly when it is observed in infants older than 3 months and displays the 
atypical pattern (Schlesinger et al, 1995). 

The FNA cytology of this tumor has been described by Dey (1992) and Kaw (1994) as 
showing a scant amount of material in a clean background. The spindly cells of the classic 
form of the tumor appear in bundles or as single cells with minimal nuclear atypia. There 
is no information on the cytology of the atypical form of this tumor. 

PRIMARY RENAL SARCOMAS 

Except for the rhabdoid tumors and clear cell sarcomas observed in children (see above), most 
other primary sarcomas occur in adults and constitute approximately 1% of the malignant 
neoplasms of the kidney. The most common of these tumors are leiomyosarcomas, 
rhabdomyosarcomas, hemangiopericytomas, and liposarcomas (Farrow etal, 1968; 

Brodsky and Garnick, 1989). Most of these tumors originate in the renal capsule, or are 
subcapsular and may compress the kidney but not necessarily invade it. Liposarcoma may 
originate in the perirenal fat. Some sarcomas occur in the renal hilum, where blood vessels, 
lymphatics, and adipose tissue cluster together. 

It may be difficult to distinguish primary spindle cell sarcomas from the spindle 
(sarcomatoid) cell variant of conventional RCC (see Fig. 40-9C,D), particularly in the case 
of leiomyosarcoma. Immunochemical stains are a useful diagnostic aid. Farrow et al (1968) also 
described a few cases of primary malignant non-Hodgkin's lymphomas (Fig. 40-18). 

The cytologic presentation of these tumors in FNA is similar to that of sarcomas and 
lymphomas of other sites, and is described in Chapters 31 and 35. 
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Figure 40-18 Malignant lymphoma showing single cells with scanty cytoplasm and 
nuclear contour abnormality. (Diff-Quik stain.) 



METASTATIC TUMORS 

The kidney is occasionally the site of cancers that have metastasized from other organs, such 
as the lung (Fig. 40-19), breast, colon, pancreas, and stomach. Less commonly, thyroid 
carcinomas and melanomas may also metastasize to the kidney. For the most part, 
lymphomas are metastatic from other sites, although they can also originate in the kidney 
(see above). Malignant tumors of the adrenal may directly invade the kidney. Kidney-to- 
kidney metastases also occur. Most of this information is gathered at the autopsy table, and 
there is limited information on the cytology of these events (Petersen, 1986). 

In a series of 136 positive renal FNA samples, Gattuso et al (1999) observed 28 (21%) 
metastatic tumors, a surprisingly high number. In order of frequency, the most common 
metastatic tumors were of lung origin, followed by malignant lymphomas, hepatocellular 
carcinomas, breast, pancreas, and uterine cervix. 

It is difficult to recognize metastatic cancer in renal FNA cytology. The key is to recognize a 
cell pattern or cell features that are “not of renal origin.” Considering the vast panorama 
of cell abnormalities in renal tumors described in this chapter, success is uncertain and requires 
not only cytologic expertise but also knowledge of the clinical setting of the aspiration 
procedure. As a rule of thumb, if an adult patient shows evidence of other metastases, the renal 
lesion is bilateral, and the smear shows a pleomorphic large-cell tumor or undifferentiated small- 
cell tumor, the possibility of metastases must be considered. 

RESULTS OF RENAL ASPIRATION BIOPSIES 

Given the appropriate indications, renal FNA can be one of the most successful applications of 
this technique. The 
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recognition and treatment of cystic lesions and the diagnosis of renal cancer are reliable 
diagnostic procedures in experienced hands. 
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Figure 40-19 Metastatic squamous carcinoma of the kidney. A. Aspirate of a renal 
tumor disclosing the classical pattern of squamous carcinoma. B. Histologic appearance of 
the primary lung tumor resected 2 years before. 



Earlier papers reported that FNA biopsy of malignant tumors of the kidney had a 
sensitivity of about 85%, and a specificity of about 98% (Helm et al, 1983; Orell et al, 

1985; Pilotti et al, 1988). This is in keeping with our experience (Koss et al, 1992), and 
approximately similar values have been cited in recent reviews of this subject (Truiong et al, 
1999; Zardawi, 1999). 

False-negative diagnoses usually relate to inadequate material as a result of necrotic, 
hemorrhagic, or cystic tumors, or a failure to sample small tumors (Holm et al, 1975; Murphy et 
al, 1985; Orell et al, 1985; Pilotti et al, 1988). Occasional false-positive diagnoses have been 
reported in cases of chronic inflammation, infarcts, polycystic kidney disease, cysts, hematoma, 
angiomyolipomas, and other benign neoplasms (Helm, 1983; Juul, 1985; Murphy, 1985; Orell, 
1985; Pilotti, 1988; Haubek, 1991; Silverman, 1991; Torp-Pedersen, 1991; Horwitz, 1994). 

There are limitations in the subclassification of some RCCs. At times it may be difficult or 
impossible to distinguish between PRCC and the pseudopapillary variant of conventional RCC, 
or between ChRCC and oncocytoma or other tumors with granular cell cytoplasm (see Table 
40-5). In debatable cases, it is prudent to report these entities descriptively, indicating the 
differential diagnosis. So long as the tumor is resectable, precise cytologic subclassification of 
renal tumors is academic in most cases. 

THE ADRENALS 

Only after CT was introduced in the early 1980s could FNA of adrenal lesions be performed. 
Work-ups for lung cancer and sometimes for breast cancer included CT scans of the chest and 
upper abdomen, leading to the discovery of asymptomatic unilateral or bilateral adrenal 
nodules. The term incidentaloma was coined to describe these observations (for recent 
summaries see Graham and McHenry, 1998; Kievit and Haak, 2000; Porcaro et al, 2001). The 
issue at hand was further identification of the nature of these nodules as either benign 
or malignant, and, if malignant, whether the tumor was primary or metastatic. FNA 
became the method of choice for identifying the nature of occult adrenal masses. Magnetic 
resonance imaging (MRI) is occasionally helpful in identifying adrenal lesions (Tung et al, 

1989). It is possible that future refinements in positron emission tomography (PET), a 
noninvasive technique for measuring metabolic activity, will be helpful in distinguishing benign 
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from malignant adrenal nodules. 

The diagnosis of occult adrenal metastases is particularly important because it may 
significantly modify the therapeutic approach to the primary cancer. However, shortly after 
the FNA procedure was initiated, it became clear that a large number of radiologically 
suspicious, asymptomatic adrenal nodules were benign. In an unpublished series of 
cases seen by the author in 1984, 11 of 23 FNA samples of adrenal nodules were benign. 

Other investigators had similar experiences. For example, in a number of studies involving 
patients with cancer (particularly lung cancer), approximately one half of all adrenal masses 
were benign at biopsy (Oliver et al, 1984; Ettinghausen and Burt, 1991; Hoda et al, 1991; 

Gilliams et al, 1992; Saboorian et al, 1995). Consequently, the recognition of benign adrenal 
lesions by FNA became as important as the recognition of metastatic disease because it 
spared the patient an unnecessary abdominal operation (or the now widely used laparoscopic 
adrenalectomy which is less traumatic for the patient). 

Previously published data suggest that a significant percentage of people over the age of 50 
harbor benign adrenal lesions, either hyperplasia or adenoma (Commons and Callaway, 1948; 

Spain and Weinsaft, 1964; Russel et al, 1972; Hedeland et al, 1968; Abecassis et al, 1985). 

Autopsy review studies have shown that approximately 2% to 8% of the population have an 
occult adrenal mass (Hedeland et al, 1968; 
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Abecassis et al, 1985; Grizzle, 1988), and an even higher incidence has been reported in 
autopsy series of hypertensive patients (Sharma et al, 1958). 



TABLE 40-6 SPACE-OCCUPYING LESIONS OF THE ADRENAL THAT MAY BE 

ASPIRATED 



Benign lesions 

Adrenal cysts 

Myelolipoma 

Lipoma 

Inflammatory lesions 

Cortical hyperplasia and adenomas 

Adrenal medulla 

Ganglioneuroma 

Malignant lesions 

Adrenal cortex 
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Cortical carcinoma 
Adrenal medulla 

Pheochromocytoma 
Neuroblastoma 
Ganglioneuroblastoma 
Cortex, medulla or both 
Metastatic tumors 



INDICATIONS FOR FNA 

Despite their small size, the adrenals harbor a disproportionate number of metastatic malignant 
tumors. Therefore, the confirmation of a suspected metastasis is the primary indication 
for an FNA biopsy. As described above, this search will uncover a large proportion of 

incidental benign adrenal lesions and occasionally primary malignant tumors of the 
adrenal. 




Figure 40-20 Histology of normal adrenal gland. A In this low-power view, there is a 
clear-cut demarcation of the cortex and medulla. The three zones of the cortex are also 
apparent. The lighterstained and wide zona fasciculata is in the middle. B. The zona 
reticularis of the cortex with relatively smaller eosinophilic lipid-poor cells interfacing 
medulla. The medulla (left) is composed of cell balls and cords with intensely basophilic 
cytoplasm. 

Table 40-6 lists the space-occupying lesions of the adrenal that may be targeted for FNA 
biopsy. 

SYNOPSIS OF ANATOMY AND HISTOLOGY 
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The adrenal glands are small, triangular, paired retroperitoneal endocrine organs that are 
located on the superiomedial aspects of each kidney. In adults, each gland weighs about 4 g 
and measures about 5 * 3 * 1 cm. In infants, the adrenal glands are disproportionately large in 
relation to the kidneys. 

The adrenal glands have dual embryologic origin. The mesoderm-derived cortex is bright 
yellow and makes up to 90% of the gland, whereas the ectoderm or neural crestderived 
medulla is waxy white and forms the soft inner core. The cortex and medulla are 
functionally and histologically different (Fig. 40-20A). 

The adrenal cortex is composed of polygonal cells with eosinophilic cytoplasm arranged in 
three zones. The narrow outermost layer is the zona glomerulosa, which is composed of 
large lipid-laden foamy cells with small round nuclei in glomeruloid (rounded) clusters. The 
thick middle layer, or the zona fasciculata, is composed of similar but slightly larger lipid- 
laden cells arranged in cords. The inner-most layer of the cortex, the zona reticularis, is thin 
and composed of smaller eosinophilic, finely granular, lipid-poor cells (Fig. 40-20B). 

The medulla is a part of the sympathetic nervous system and forms the small core of the 
adrenal gland. The cells of the adrenal medulla are arranged in spherical aggregates known 
as Zellballen (German for cell balls). The cells are pleomorphic, polygonal, fusiform, or 
ovoid, and have a high NIC ratio. They have intensely granular basophilic cytoplasm and 
nuclei with a coarse chromatin pattern, as commonly seen in neuroendocrine cells (Fig. 40- 
20B). 
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The cells of the adrenal medulla are argyrophilic and stain with Grimelius silver stain. 



TABLE 40-7 ENDOCRINE FUNCTION OF THE ADRENAL GLANDS IN HEALTH AND 

DISEASE 



Zones 


Primary 

Hormones 


Cardinal Functions 


Hyperfunction 


Cortex 








Zona 

glomerulosa 


Aldosterone 


Salt and water balance 


Conn's 

syndrome 


Zona 

fasciculata 


Cortisol 


Glucose and 

carbohydrate metabolism 


Cushing's 

syndrome 


Zona 

reticularis 


Estrogens and 
androgens 


Extragonadal source of 
sex hormones 


Adrenogenital 

syndrome 


Medulla 


Adrenaline 


Blood pressure regulation 


Hypertension 



Table 40-7 lists the primary hormones produced by the adrenal glands in health and disease. 
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CYTOLOGY OF NORMAL ADRENAL GLANDS 

A normal adrenal gland is sometimes inadvertently aspirated when a kidney lesion located in 
the upper pole is sampled. The best representation of benign adrenal cortical cells is seen in 
aspiration smears of adrenal cortical hyperplasia or adenoma. 

Well preserved adrenal cortical cells are approximately equal in size to hepatocytes, 
which they may resemble because of faintly vacuolated or granular eosinophilic 
cytoplasm and small, vesicular nuclei (Fig. 40-21A,B). In Diff-Quick stain, the cytoplasmic 
lipid droplets are obvious in the form of clear spaces in the cytoplasm and vacuoles in the 
background (Fig. 40-21 C). In fortuitous cases, the cells form approximately spherical 
aggregates that resemble the structure of the zona glomerulosa of the cortex ( Fig. 40-21 A). 

However, the cells derived from the zona glomerulosa and fasciculata are identical. 

Theoretically, the cells from the zona reticularis should contain golden-brown lipofuscin 
pigment (Katz et al, 1984; Nguyen, 1987). We have not been able to identify such cells with 
certainty. 

More often, however, particularly in air-dried smears, the cortical cells are stripped of their 
fragile cytoplasm and appear as perfectly spherical and mostly uniform bare nuclei that 
are slightly larger than background erythrocytes and have granular, evenly distributed 
chromatin, and small but distinct nucleoli. In the disintegrating cytoplasm, lipid vacuoles 
may be observed (Fig. 40-21 B,C). It has been alleged that the stripped nuclei mimic small, 
round cell malignant tumors (Min et al, 1988; Suen and McNeely, 1991; Wadih et al, 1992). With 
reasonable experience, it is easy to recognize the distinctly benign configuration of these 
nuclei. The cells of normal adrenal medulla are rarely encountered in aspirates of adrenal 
cortical lesions. They are illustrated in a touch-preparation in Figure 40-21 D. Note that these 
cells have nuclei of variable sizes and visible nucleoli. The cytoplasm is poorly preserved and 
granular. Afew such cells may occasionally be observed in aspirates of benign cortical 
adenomas, and may be mistaken for cancer cells. However, the sparse population of cells and 
the low level of nuclear abnormalities usually prevents such a diagnostic error. 

DISEASES OF THE ADRENAL CORTEX 
Benign Lesions 
Adrenal Cysts 

Adrenal cysts are uncommon; however, the detection rate for such cysts as a result of CT and 
MR imaging has increased dramatically. Most adrenal cysts are unilateral, occur more often 
in women than men, and are classified under four categories as described below: 

■ Pseudocysts are most common and are probably secondary to adrenal hemorrhage. Such 
cysts have no epithelial lining. 

■ Endothelial cysts are simple cysts of vascular origin, and are most often miniature 
lymphangiomas with an endothelial lining. 

■ Retention cysts, congenital cysts, or cystic adenomas may have an epithelial lining. 

■ Parasitic cysts are usually of echinococcal etiology. 

Cytology 

FNA aspirations of benign adrenal cysts may yield small amounts of bloody, turbid, clear 
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yellow, thin, or viscous fluid (Nosher et al, 1982; Tung et al, 1989). Generally, the smears 
are sparsely cellular with a variable number of foamy macrophages and a few leukocytes, 
not unlike simple renal cysts (Gleeson and McMullin, 1988; Tung, 1989). The precise type of 
cysts cannot be determined on cytologic examination of the fluid. Rarely, the bloody cyst fluid 
may occur in cystic metastatic carcinoma (Gaffey et al, 1990). 

Adrenal Myelolipoma 

The myelolipoma is an uncommon lesion composed of mature fat containing normal 
hematopoietic cells. It may appear as a unilateral adrenal or retroperitoneal mass that may 
be palpable, causing nonspecific symptoms, or may be discovered accidentally during an 
abdominal CT scan for an unrelated disease (Dunphy, 1991; Sharma MC et al, 1997). 

One is usually alerted to the diagnosis of myelolipoma 
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in an FNA smear by finding megakaryocytes and then searching for immature myeloid 
cells (Fig. 40-22). The mature adipose tissue may be difficult to see in alcohol-fixed smears 
(Evans et al, 1990). Similar hematologic features may be observed in extramedullary 
hematopoiesis in the liver or spleen. Rarely, foci of hematopoesis may occur in cortical 
adenomas. 




Figure 40-21 Cytology of normal adrenal gland. A. Normal adrenal cortical cells forming 
clusters (from a case of adrenal cortical adenoma). Note the abundant, eosinophilic, 
granular cytoplasm and small, spherical nuclei). B. Well preserved adrenal cortical cells. 
Note the cytoplasmic lipid vacuoles, occasional binucleation, one larger nucleus, and 
perfectly round nuclear contours. C. Adrenal cortical cells in Diff-Quik stain. Cytoplasmic 
lipid droplets are obvious in the remnants of the disintegrating cytoplasm. Note the striking 
nuclear uniformity. D. Touch-preparation of adrenal medulla. The nuclei are pleomorphic, 
and the cytoplasm is granular and basophilic. 
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Figure 40-22 Adrenal myelolipoma. A single megakaryocyte (top, left), immature myeloid 
cells, a few islands of adrenal cortical cells, and mature fat cells are shown (cell block of 
FNA). 



Inflammatory Lesions 

Mycobacteria, fungi, and viruses that affect the adrenals are virtually always a consequence 
of systemic infections, are most commonly observed in immunosuppressed patients, and are 
usually diagnosed at autopsy. However, there have been scattered reports of histoplasmosis 
(Anderson et al, 1989; Valente and Calafati, 1989; Deodar and Sapp, 1997), and 
cryptococcosis (Walker et al, 1989; Powers et al, 1991; Takeshita et al, 1992) of the adrenal, 
as identified on FNA smears. For a description of these organisms, see Chapter 19. 

The FNA aspiration biopsy of an adrenal abscess yields purulent and necrotic cellular debris 
(Wadih et al, 1992) and is not a diagnostic problem. 

Congenital Adrenal Cortical Hyperplasia 

Congenital adrenal cortical hyperplasia is the most common cause of adrenogenital 
syndrome, which results in precocious virilization. This disease, which occurs mainly in 
infants but sometimes in older children as well, is caused 
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by a deficiency of 21 -hydroxylase, an essential enzyme for the metabolism of cortisol. The 
adrenal cortex is markedly enlarged, but its cellular components are not morphologically 
remarkable. The diagnosis is based on clinical and laboratory findings (Lack, 1997). 

Acquired Diffuse and Nodular Hyperplasia and Adenomas 

A diffuse or nodular thickening of the adrenal cortex, and adrenal nodules are among the most 
common human tumors. According to recent estimates, they are found in at least 3% of persons 
above age 50 (Graham and McHenry 1998; Kirvit and Haak, 2000; Porcaro et al, 2001). Most 
of these lesions cause no health problems whatsoever and are often discovered 
incidentally (incidentalomas). However, a few may be associated with endocrine disorders, 
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and some represent malignant adrenal tumors (see below). 

The anatomic boundaries among adrenal cortical hyperplasia, nodular hyperplasia, and 
adenomas are not sharply defined, but are size-related. The smaller adrenal masses 

are usually designated as hyperplasia or nodular hyperplasia; larger nodules are designated 
as adenomas. Such nodules usually occur in a background of bilateral adrenal nodularity 
(Dobbie, 1969; Silverman and Lee, 1989). The typical cortical adenoma is a well 
circumscribed, rarely encapsulated nodule composed of benign cortical cells 2-3 cm in diameter 
(Fig.40-23A). The cut surface is bright yellow. Giant adrenal cortical adenomas, measuring 
up to 10 cm in diameter, may exhibit areas of hemorrhage, cystic degeneration, and 
calcification. 

In tissue sections, the adrenal cortical hyperplasias and adenomas are composed of cells 
similar to those of the normal zona glomerulosa or zona fasciculata, or both. On scanning 
magnification, the cells are arranged in an alveolar pattern with delicate stroma (Fig. 40-23B). 

At first glance they may have an uncanny resemblance to the low-grade clear cell type of 
conventional RCC, which explains why the term hypernephroma has been applied for many 
years to renal tumors (see above). The similarities end at higher magnification, which discloses 
perfectly benign adrenal cortical cells with no nuclear abnormalities (see Fig. 40-21). 

Occasionally, scattered enlarged nuclei may be observed in adenomas. 





Figure 40-23 Adrenal cortical adenoma. A A2-cm adrenal cortical adenoma, an 
incidental finding at autopsy. B. Histology of a large adrenal cortical adenoma. Note the 
encapsulated tumor growing in an alveolar pattern with a delicate stroma. 



Hormonally Active Lesions of the Adrenal Cortex 

Although adrenocortical hyperfunction (hyperadrenalism) is quite rare, it produces some of 
the most fascinating clinical syndromes (see Table 40-7), and photographs of patients with 
these disorders, exhibiting the most dramatic physical alterations, have graced many 
endocrinology chapters in textbooks. Except for very brief descriptions of syndromes that are 
pertinent to the subject of this book, it is not within the scope of this chapter to describe the 
pathophysiology of hyperadrenalism. Unfortunately, FNAof the adrenal is very rarely 
helpful in diagnosing these disorders. 

Cushing's syndrome, which is caused by excessive glucocorticoid production, is 

characterized by obesity, a moon face, muscle weakness, osteoporosis of the spine, 
hypertension, and diabetes. The syndrome may be caused by an adenoma of the adrenal, a 
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pituitary tumor, a hormone-producing cancer (paraneoplastic Cushing's syndrome), or drugs. 

The adrenal in Cushing's syndrome may show a broad variety of nonspecific changes, ranging 
from atrophy to hyperplasia and adenomas, to the very rare adrenal cortical carcinoma 
(ACC). Cushing's syndrome may be associated with a rare form of nodular hyperplasia: 
pigmented micronodular adrenal disease. This is caused by lipofuscin deposits in the 
cells of the zona fasciculata, which result in brown-black discoloration of the adrenals (black 
adenoma). This abnormality occurs in a familial disorder known as Carney's syndrome, in 
which the patients have multiple abnormalities in addition to Cushing's syndrome (Shenoy et al, 

1984; Carney et al, 1986). 

Conn's syndrome, which is caused by excessive aldosterone production, causes an 
imbalance in the metabolism of potassium and sodium, and results in episodes of weakness 
and hypertension. It is usually associated with unilateral and small adrenal cortical 
adenomas (less than 2 cm in diameter) or with cortical hyperplasia. The adenoma cells have 
relatively small vesicular nuclei with small but distinct nucleoli (De Lellis, 1999). Some 
adenomas exhibit 
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considerable variation in nuclear size and shape. Patients treated with the drug 
spironolactone may show large eosinophilic cytoplasmic inclusions (spironolactone 
bodies) in some cells (Cain et al, 1974; Kay, 1976; Neville, 1978). 

Adrenogenital syndromes, caused by excessive androgen production, may cause 
premature virilization in boys, and virilization and hirsutism in women. The syndrome 
has a broad variety of causes, including unremarkable small adrenal adenomas. Adrenal 
cortical tumors, which cause virilization and sometimes feminization, are more likely to be 
malignant (Didolkar et al, 1981; Weiss, 1984; Desai and Kapadia, 1988; Venkatesh et al, 1989; 

Luton et al, 1990). FNAmay be of value in the diagnosis of such rare cases (see below). 

Cytology of Cortical Hyperplasia and Adenomas 

FNA smears of the normal adrenal cortex, diffuse or nodular cortical hyperplasia, and 
cortical neoplasia (functioning or not) are essentially similar in appearance. They are 
composed of normal cortical cells and their “naked” nuclei, as described above and 
illustrated in Figure 40-21 A-C. Occasionally, a few of the nuclei may show enlargement (see 
Fig. 40-21 B) but no other abnormal features. 

Wu et al (1998) also noted a “bubbly, vacuolated lipid background,” which was clearly the result 
of disintegration of the cytoplasm (see Fig. 40-21 C). FNA smears of adenomas occasionally 
may be more cellular, with greater clustering of epithelial cells, occasionally containing 
central capillary vessels. For all practical intents and purposes, the cytologic diagnosis of 
adrenal cortical adenoma must be supported by radiologic imaging data showing a well 
circumscribed nodule. 

To our knowledge, the cytology of black adenoma, which is sometimes observed in Cushing's 
syndrome, has not been described. 

The cytologic differential diagnosis of adrenal cortical hyperplasias and adenomas includes 
low-grade RCC, occasionally a metastatic tumor, and well-differentiated ACC. However, it 
may be difficult or impossible to recognize the latter in FNA smears (Heaston, 1982) (see 
below). RCC is readily identified because of its abnormal nuclear features, including the 
presence of prominent nucleoli and cell pleomorphism (see The Kidney section above). 

Almost without exception, the metastatic tumors show significantly greater nuclear 
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abnormalities compared to benign cortical lesions. 

Malignant Cortical Lesions: Adrenal Cortical Carcinoma (ACC) 

ACCs are rare, highly malignant tumors with an annual prevalence estimated at two to four 
cases per million (Belldegrun et al, 1986; Ross and Aron, 1990). The tumors can occur in both 
adults and children. Approximately half of all ACCs are functional, and usually produce 
Cushing's syndrome and/or evidence of sex steroid overproduction (Tang and Gray, 1975; 
Didolkar et al, 1981; Weiss, 1984; Desai and Kapadia, 1988; Venkatesh et al, 1989; Luton et al, 
1990). Cortical carcinomas tend to be large (90% are >6 cm in diameter) and bulky, weighing 
more than 500 g. Also common are necrosis, hemorrhage, and calcification (Belldegrun et 
al, 1986; Cagle etal, 1986; DeLellis, 1999). 

In tissue sections, cortical carcinomas show alveolar, trabecular, or solid patterns of 
growth, or a combination thereof. The degree of differentiation in the component cells varies 
significantly from well-differentiated tumors mimicking cortical adenomas (Fig. 40-24A) to 
tumors composed of completely undifferentiated cancer cells of various sizes, including 
bizarre giant cells (Fig. 40-24B). No reliable histologic criteria exist to distinguish adenoma 
from a well-differentiated carcinoma, except for vascular invasion and the presence of 
metastases, commonly involving the liver, lymph nodes, and lung. Poorly differentiated 
tumors showing marked cell pleomorphism, atypical mitoses, and invasion of capsule and 
vessels, are easy to classify as malignant. 

It may be difficult to distinguish an ACC from a high-grade renal carcinoma. 

Immunohistochemical stains for EMA (positive in RCC) and synaptophysin (positive in many 
ACCs) may be helpful. Adrenal cortical tumors are immunoreactive for inhibin and A103/Melan-A 
(Renshawand Graater, 1998). 

Cytology 

The FNA smears of cortical carcinomas are usually rich in cells. With a few exceptions, the FNA 
experience with these tumors is limited to high-grade malignant tumors (Zajicek, 1979; Levin, 
1981; Zornoza et al, 1981b; Katzet al, 1984; Koss, 1992; Sharma et al, 1997). Therefore, in 
most cases the smear pattern is that of a high-grade malignant tumor, whereas well- 
differentiated tumors are rarely seen. This bias toward high-grade malignant tumor in 
cytologic material is presumably a result of clinical case selection for FNA 

The smears of well-differentiated tumors contain relatively uniform tumor cells, occurring 
either singly or in loose clusters, with abundant, eosinophilic granular cytoplasm, relatively 
large, often eccentric, but uniform nuclei with a coarse chromatin pattern, and 
prominent nucleoli (Fig. 40-24C). Cytoplasmic vacuole formation with high lipid content in the 
cytoplasm was described by Katz et al (1984), but this observation has not been confirmed by 
others. Capillary vessels may be occasionally observed within the cell clusters, a 
feature that is not uncommon in endocrine tumors. Sharma S. et al (1997) noted that foci of 
anisonucleosis may be observed among the monotonous population of tumor cells. The 
resemblance to the grade 2 or 3 granular cell variant of RCC is inescapable (see above). 
Sharma S. et al (1997) discussed at length the differential diagnosis between these two 
tumor types. Perhaps the most important difference is cytoplasmic vacuolization, which is 
present in RCC but not in cortical carcinoma. In the final analysis, clinical and imaging findings 
are critical to the correct diagnosis. 

Poorly differentiated cortical carcinomas yield large anaplastic malignant tumor cells of 
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variable sizes, singly and in loose groups. Many of the large cells are multinucleated. 
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The nuclei are very pleomorphic and contain prominent nucleoli. Abnormal mitoses can be 
seen (Fig. 40-24D). Such smear patterns are not specific, and may be observed in any poorly 
differentiated tumor with giant cells. Somewhat similar smear patterns may also occur in 
pheochromocytoma (see below). 




Figure 40-24 Adrenal cortical carcinoma (ACC). A Well-differentiated ACC with 
endovascular invasion. The cytoplasm is eosinophilic and the N/C ratio is higher than that 
in the adenoma in Fig. 40-23B. B. Undifferentiated ACC in a 42-year-old female with liver 
and lymph node metastases. The cancer cells are pleomorphic with enormous nucleoli. C. 
FNA smear of a well-differentiated ACC: the large cells are noncohesive with intensely pink 
granular cytoplasm and uniform nuclei). D. FNA smear of the lesion shown in B. This is a 
highly pleomorphic malignant tumor that is indistinguishable from a metastatic large-cell 
carcinoma of any origin. 



TUMORS OF THE ADRENAL MEDULLA 

Pheochromocytoma 

Pheochromocytomas and the related tumors, paragangliomas, belong to the group of tumors 
derived from the neural crest. The distribution of these tumors follows the position of the 
parasympathetic ganglia and includes the carotid body tumor and retroperitoneal tumors 
originating in the organ of Zuckerkandl. Pheochromocytomas may also occur in the wall of 
the urinary bladder and in other, still less common locations. All of these tumors are 
capable of forming blood-pressure-regulating hormones (the catecholamins) and related 
compounds, such as adrenaline and noradrenaline. The release of these hormones may 
cause permanent or transient hypertension (also known as paroxysmal hypertension) 
(for a recent review see Ellison and Parkham, 2001). Carotid body tumors are discussed in 
Chapter 30, and bladder tumors are discussed in Chapter 23. 

Adrenal pheochromocytoma is the most common member of this family of tumors. Manasse 
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(1893) described brown staining of these tumors with salts of chromium, hence the old name of 
chromaffinoma. The term pheochromocytoma was introduced by Pick (1912) because the 
tumor turns dark brown after exposure to potassium dichromate (Fig. 40-25A). 

Pheochromocytomas, also known as intraadrenal paragangliomas, are relatively common 
neoplasms that are capable of producing adrenaline and noradrenaline (see Table 40-7). 

These tumors, which can occur in any age group, including children and young adults, are a 
known cause of paroxysmal hypertension. Sudden attacks of headache, perspiration, and 
palpitation associated with a sudden rise in blood pressure are characteristic of this disorder. 

The demonstration of urinary catecholamins and their products, particularly 
vanillylmandelic acid (VMA), is diagnostic of the disease. Surgical removal of the tumor 
cures the hypertension. 
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Figure 40-25 Pheochromocytoma. A. A32-g tumor confined to the adrenal medulla of an 
81 -year-old woman with paroxysmal hypertension. The right half of the tumor turned dark- 
brown after exposure to potassium dichromate. B. A cell ball made of pleomorphic cells, 
from the same case. Without knowledge of clinical history, it would be impossible to 
distinguish between adrenal cortical carcinoma or metastatic carcinoma. C. Histology of the 
tumor with striking cellular pleomorphism, the presence of which does not correlate with 
malignant behavior. 



The rule of 10 is often used to define the key clinical characteristics of 
pheochromocytomas: 10% are asymptomatic, 10% are familial and usually bilateral, 10% 
occur in the pediatric age group, 10% occur in organs other than the adrenal, 10% of sporadic 
tumors are bilateral, and 10% are malignant. The familial tumors are usually associated with 
multiple endocrine neoplasias (MEN) type IIA (Sipple's syndrome) with concurrent 
medullary carcinomas of the thyroid and hyperplasia of the parathyroid) or type MB (with 
concurrent medullary carcinoma of the thyroid and multiple neuromas), and with von Hippel- 
Lindau, von Recklinghausen, and Sturge-Weber syndromes (Neumann et al, 1993; 
Eisenhofer et al, 2001). A recent molecular analysis revealed that about 25% of patients with 
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sporadic tumors are carriers of several germ line mutations (Neumann et al, 2002). 

Pathology 

Pheochromocytomas range from small, well-circumscribed lesions that are confined to the 
adrenal medulla (Fig. 40-25A), to enormous hemorrhagic masses weighing several 
kilograms. In contrast to the cortical adrenal tumors, which are primarily yellow, the 
pheochromocytomas usually have a red-brown cut surface, with larger tumors often showing 
hemorrhage and cystic degeneration. 

Histology 

The classic pattern of pheochromocytoma is somewhat similar to that of the normal adrenal 
medulla, and consists of large polygonal, pleomorphic, and spindly cells arranged in 
thick nests or Zellballen (German for cell balls), separated from each other by a rich 
capillary vascular network. The cytoplasm is intensely granular, stains pink to purple in 
H&E stain, and may show PAS-positive eosinophilic globules. The nuclei may be highly 
pleomorphic, and multinucleation is common (see Figs. 40-25C and 40-26D). Dispersed 
tumor giant cells with very large nuclei are often seen. On electron microscopy, dense core 
endocrine granules are found in the cytoplasm. Rare variants of this tumor are pigmented 
pheochromocytoma (Chetty et al, 1993) and pheochromocytoma composed of granular 
oncocytic cells (Li and Wenig, 2000). Acase of this tumor mimicking RCC has been 
reported (Unger et al, 1990). Composite tumors of the adrenal medulla, containing 
elements of pheochromocytoma, neuroblastoma, and ganglioneuroma, have been 
described (Tischler, 2000). 

Except in the presence of distant metastases, there are no absolute histologic criteria by 
which to distinguish benign from malignant pheochromocytoma. Large tumor size, the 
presence of vascular invasion, and extensive local invasion are seen more frequently in 
malignant than in benign tumors (Linnoila et al, 1990). 

Recently an attempt was made to establish a scaled score separating benign from malignant 
tumors based on a large number of microscopic criteria (Thompson, 2002). The value of this 
score remains to be determined by prospective testing. As is the case with other endocrine 
tumors, DNAploidy of these tumors has not been particularly helpful, 
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although it appears that some aneuploid tumors are more likely to metastasize compared to 
diploid tumors (Amberson et al, 1987; Nativ et al, 1992; Garcia-Escudero et al, 2001). However, 
even malignant pheochromocytomas grow slowly and have a 50% 5-year survival rate. The 
common metastatic sites include the lymph nodes, bone, and liver. Paradoxically, the highly 
pleomorphic tumors are more likely to behave in a benign fashion than the more-orderly 
tumors. 
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Figure 40-26 Pheochromocytomas. A Aspirate of a histologically confirmed tumor. The 
smear contained small clusters of small cells and numerous capillaries, the latter of which 
are important in the diagnosis. B,C. Retroperitoneal pheochromocytoma with large spindly 
tumor cells mimicking a sarcoma. The 43-year-old female presented with hypertension. D. 
Resected tumor composed of Zellballen surrounded by capillaries. 



Pheochromocytomas are easily distinguished from nearly all tumors occuring in this 
anatomic area. In case of doubt, the positive chromogranin immunostain will separate this 
tumor from ACC, RCC, hepatocellular carcinoma, and metastatic adenocarcinoma. 

Cytology 

FNA biopsy of suspected pheochromocytomas and related tumors, such as the carotid 
body tumor, should be avoided for fear of inducing a fatal hypertensive crisis (Engzell et al, 
1971; CaSola et al, 1986). A handful of cases of pheochromocytoma in aspirates have been 
reported by Tsuzaki et al (1978), Zajicek (1979), Nguyen (1982), Gonzales-Campora et al 
(1988), and Wadih et al (1992). Frable (1976) described a metastatic tumor to the femur. The 
classic pattern of Zellballen is sometimes observed, particularly in intraoperative scrape 
smears (Shidham et al, 1999), but it is usually absent in FNA material. In fact, based on our 
own limited experience and review of the scanty literature, there is probably no single cytologic 
pattern that is diagnostic of this lesion. In general, the presence of tumor cells of various types 
in the company of numerous capillaries has been observed by us (Koss et al, 1992). 

We have seen FNA specimens from three patients with adrenal pheochromocytoma. The FNA 
of one of the tumors (7 cm in diameter) revealed a highly pleomorphic cell population with 
clear nuclear features of a malignant tumor (Fig. 40-25B.C). In one other adrenal 
pheochromocytoma, the smear pattern was similar, but there was also a population of 
smaller tumor cells. Deodhare et al (1996) reported a case of FNA of a pheochromocytoma 
of the adrenal mimicking a small-cell carcinoma. 

In yet another case, seen in consultation, a pattern of small tumor cells in small clusters, with a 
central lumen, was vaguely reminiscent of Zellballen (Fig. 40-26A). The cells were 
accompanied by numerous capillaries that were perhaps more important than the cells in 
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suggesting the diagnosis. In a case of retroperitoneal pheochromocytoma, the cells were 
predominantly spindly and suggestive of a sarcoma, although the histology of the primary 
tumor was rather conventional (Fig. 40-26B-D). In a case reported 
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by Vera-Alvarez et al (1993), intranuclear cytoplasmic inclusions were observed in tumor cells. 

Layfield et al (1987) described a mixed tumor of the adrenal that contained elements of a 
pheochromocytoma and ganglioneuroma. Features of both tumor types were present in the 
FNA smears. 

Thus, the cytologic picture of pheochromocytoma in FNA specimens is rarely 
conclusive, and the diagnosis must be supported by clinical, imaging, and biochemical data. 

Neuroblastomas and Related Tumors 

Neuroblastoma 

Clinical Data 

Neuroblastomas are the most common extracranial solid tumors of childhood (Matthey, 

1985; Shimada, 1993). Approximately 500 new cases are diagnosed each year in the United 
States. The tumor usually occurs in patients younger than 5 years of age, although rare 
examples have been reported in adults (MacKay et al, 1976; Allan et al, 1986; Kaye et al, 

1986). Most cases of neuroblastoma occur in the adrenal medulla and appear as an 
abdominal mass. Some of these tumors may be primary in the posterior mediastinum and 
pelvic area. Histologically identical tumors may also occur in the nasal cavity of adults, in 
which case they are known as esthesineuroblastoma. 

Unlike Wilms' tumor, which occurs in the same age group, neuroblastoma often presents 
with metastatic disease, particularly to the bones of the skull (where it may cause a sun-ray 
appearance of the vertical bony spicules) but also to other bones. The most common clinical 
error made in the diagnosis of neuroblastoma is the diagnosis of acute lymphoblastic 
leukemia, based on faulty interpretation of bone marrow smears. 

The prognosis for a patient with neuroblastoma depends on numerous variables, such as age 
at diagnosis, clinical stage, tumor grade based on the proportion of Schwannian stroma, the 
proportion of differentiating cells, and several genetic and molecular features. The most 
important genetic feature is amplification of the N-myc oncogene, vested in double-minute 
chromosomes. A prognostic classification system proposed by Shimada et al (1995, 1999, 

2001) and known as the Shimada system is widely used (Ambros et al, 2002). Although FNA 
biopsy can be extremely helpful in diagnosing the disease, particularly in clinically 
obscure situations, it may not be adequate for fully evaluating the tumor and determining the 
optimum treatment. 

Histology 

Neuroblastoma is a tumor of the primitive nerve cells, and mimics the events of formation of 
nervous tissue during embryonal life. It is often considered to be the prototype of the “small 
blue cell tumors of childhood” because its basic component is small cancer cells with 
round or slightly molded nuclei with scanty cytoplasm. However, the arrangements of 
these cells in rosettes (Homer-Wright rosettes) and the presence of primitive 
neurofilaments (neuropil) are fairly unique and readily recognizable in most cases. The 
histology of esthesineuroblastoma of the nasal cavity is identical to that of neuroblastoma. 
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The rosettes formed by neuroblastomas consist of a multilayer formation of small tumor cells 
surrounding a central space that is filled with disorderly tangles of thin neurofibrils (Fig. 

40-27A). The presence of neurofibrils can be best documented with one of the silver 
impregnation stains. 

The tumor cells, which are primitive neurons (neuroblasts), may mature and differentiate 
into ganglion cells and Schwann cells (Joshi, 1992; Goto et al, 2001). The process of 
maturation, which is limited to scattered tumor calls in neuroblastomas, may become 
extensive, leading to ganglioneuroblastoma. This is a tumor of uncertain prognosis that is 
composed of primitive neural cells and ganglion cells in approximately equal 
proportions, in a background of increasing Schwann cells. The transformation may lead to 
benign ganglioneuroma, wherein the process of maturation of primitive cells into 
ganglion cells and Schwann cells has been completed, sometimes many years after the 
discovery of the primary tumor. Neuroblastomas that show focal differentiation into ganglion 
cells have a better prognosis, particularly in patients who are younger than 18 months of age. 

Cytology 

Very few clinically suspected primary neuroblastomas of the adrenal are subjected to FNA 
because the full assessment of optimal diagnostic and prognostic information requires a 
generous incisional biopsy of the tumors (Joshi, 2000). On the other hand, FNA is most 
valuable in the staging of neuroblastomas and the diagnosis of this tumor in 
nonadrenal and metastatic sites. 

Our experience is based mainly on FNA of extra-adrenal sites, such as metastases to bone or 
liver, in which FNA was helpful in the diagnosis or the workup for staging. The smears are 
usually rich in small tumor cells with homogenous hyperchromatic nuclei and a tiny rim 
of cytoplasm. The cells are either dispersed or form small clusters. The clusters must be 
very carefully examined in the search for typical Homer-Wright rosettes composed of 
several rows of cells arranged around an approximately circular space that is either 
empty or filled with fine neurofilaments. This finding is diagnostic of neuroblastoma 
(Fig. 40-27C). The rosettes are often distorted and composed of disorderly clusters of 
small cells and small, empty, central spaces. The neurofibrils can also be seen outside 
the rosettes under high power of the microscope as tangled, thin, eosinophilic lines that 
should not be mistaken for a contaminant. If material is available, the identification of the 
neurofibrils is facilitated by a silver stain or another specific stain (Koss et al, 1992). The 
diagnosis is also easier to establish if scattered larger neuroblasts and ganglion cells are 
observed, as is the case in differentiating tumors. Neuroendocrine markers are positive in 
neuroblastoma (Frostad et al, 1998). Frostad et al (1999) used FNAmaterial from 18 children 
with neuroblastoma to perform a number of studies of prognostic significance, including DNA 
ploidy determination and fluorescent in situ hybridization 
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(FISH), to document chromosomal abnormalities and amplification of the oncogene N- 
myc. The results were remarkably concordant with the same studies performed on tissue 
samples. 
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Figure 40-27 Neuroblastoma and ganglioneuroma. A. Homer-Wright rosettes in an 
esthesioneuroblastoma (olfactory neuroblastoma) of the sellar region in a 27-year-old man. 
B. Metastatic neuroblastoma in a cervical lymph node aspirate from the above patient. Note 
the rosette formation by the small tumor cells. C. Rosettes in adrenal neuroblastoma in a 
young boy. D. Cytology of adrenal ganglioneuroma. There are two large ganglion cells with 
abundant pink, granular cytoplasm surrounded by spindle-shaped Schwann cells. ( C,D : 
MGG stain.) (Courtesy of Drs. Edneia Tani and Lambert Skoog, Stockholm.). 



In a child or a young adult, the differential diagnosis of neuroblastoma in smears includes 
Ewing's sarcoma, lymphoblastic leukemia, lymphoma, embryonal rhabdomyosarcoma, 
or a primitive neuroectodermal tumor. Many of these tumors have a fairly specific 
immunochemical profile (Frostad et al, 2002). Furthermore, none of these tumors forms Homer- 
Wright rosettes or neurofilaments, although rosette-like structures may occur in Ewing's 
tumors (see Chap. 36). In the rare cases of neuroblastoma or esthesioneuroblastoma in 
adults, the tumors must be differentiated from small-cell endocrine carcinomas and related 
lesions, and, very remotely, from a metastatic Merkel cell carcinoma (see Chap. 34). 

Ganglioneuroblastoma 

Ganglioneuroblastoma, which is usually seen in children, is intermediate between a 
neuroblastoma and a fully differentiated ganglioneuroma. It shows a mixture of 
immature neural cells (characteristic of neuroblastoma), mature ganglion cells, and 
bundles of Schwann cells and delicate neurofilaments. The prognosis depends on the 
proportion of immature neuroblasts and ganglion cells. For patients with tumors dominated by 
ganglion cells and Schwann cells, the survival rate is excellent (Umehara et al, 2000). 

The cytology of these tumors shows features of neuroblastoma (described above) and 
ganglioneuroma (described below) (Taylor and Nunez, 1984; Koss et al, 1992). 

Ganglioneuroma 

Ganglioneuroma is an uncommon, fully differentiated counterpart of neuroblastoma that 
consists of bundles of Schwann cells, ganglion cells, and neurofilaments. This benign 



2594 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th EdtO - The Kidneys, Adrenals, and Retroperitoneum 

tumor usually occurs in the posterior compartment of the mediastinum or in the 
retroperitoneal space. About one third of ganglioneuromas are found in the adrenal. 

Resection is curative of the tumor. 

Cytology 

Taylor and Nunez (1984) described the FNA smear of a ganglioneuroma of the adrenal, and 
another case was described by Koss et al (1992). The finding of numerous large, mature 
ganglion cells is key to the diagnosis (Fig. 40-27D). 
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If small neuroblasts are present, the diagnosis of a ganglioneuroblastoma cannot be 
excluded. 

METASTATIC TUMORS 

The adrenal glands are the fourth most common site of blood borne metastatic cancer, next to 
the lung, liver, and bone (Willis, 1973). Metastases are far more common than primary 
malignant tumors of the adrenal gland (Glomset, 1938). Almost 30% of patients with 
metastasizing tumors of diverse primary sites of origin are reported to have adrenal metastases, 
half of which are in both glands (Abrams et al, 1950). In a large series from a cancer center 
reviewed by Saboorian et al (1995), the number of metastatic cancers was equal to the number 
of primary cortical lesions, most of which were benign adenomas. 

In Abrams et al's (1950) large series, primary tumors of the lung (Fig. 40-28A) and breast 
accounted for a majority of adrenal metastases, followed by tumors of the gastrointestinal 
tract, kidney, and ovary. Lung tumors, followed by RCCs and malignant melanomas, were 
the tumors most often seen by Saboorian et al (1995). In our experience, lung and breast 
tumors accounted for 60% of the metastases; however, other tumors can also metastasize to 
the adrenals. 




Figure 40-28 Metastatic tumors of the adrenal gland. A. Metastatic adenocarcinoma of 
lung. B. Metastatic eye melanoma to adrenal in an 80-year-old female. The melanin 
pigment is green in Diff-Quik stain. C. Same tumor as in B, with Pap stain. Note the large 
intranuclear cytoplasmic inclusions in cancer cells. D. Cell block of the same tumor 
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showing pigment formation. 



When the primary cancer site is known, cytologic recognition of the metastatic tumor is usually 
easy to achieve, and is greatly aided by comparison with slides of the primary tumor. In cases 
with an unknown primary site, mucicarmine stain is useful for diagnosing metastatic 
adenocarcinoma. The chacteristic features of metastatic mammary carcinomas are discussed 
in the appropriate chapters. We have noted that along with pigmented tumor cells, the presence 
of large cancer cells with intranuclear cytoplasmic inclusions (“nuclear holes”) is often 
observed in metastatic melanomas (Fig. 40-28B-D). 

Perhaps the most challenging task is to distinguish the occasional case of hormonally 
inactive ACC from metastatic renal carcinoma (RCC). Immunohistochemistry may be 
helpful. Although both tumors are usually vimentin-positive, whereas other metastatic 
carcinomas are vimentin-negative, EMAand cytokeratins are usually positive in RCC and 
negative orfocally positive in adrenal cortical neoplasms. 

RESULTS AND CONCLUSIONS 

FNA biopsy of an adrenal mass is simple, safe, and cost-effective in establishing the identity 
of space-occupying lesions 
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of the adrenal tumors found by either clinical examination or scanning of the abdomen. The 
method is also helpful in the staging of tumors (Koss et al, 1992; Saboorian et al, 1995). 

Approximately one half of the aspirates represent metastatic cancer to the adrenal gland 
(Wadih et al, 1992). As stated above, a vast majority of the primary adrenal tumors are benign, 
and with reasonable experience can be diagnosed by FNA In asymptomatic patients, smaller 
lesions can be left alone, whereas masses greater than 6 cm must be surgically removed 
(Barzon and Boscaro, 2000). However, small carcinomas do occur. We recently observed an 
adrenal cortical carcinoma measuring only 3 cm in diameter (see Fig. 40-24A). This is a strong 
argument for employing FNA in the workup for smaller adrenal nodules (Saboorian et al, 1995). 

The sensitivity of adrenal FNA for detecting cancer is approximately 85%, and the specificity 
approaches 100% (Zornoza, 1981; Katz et al, 1984; Bernardino etal, 1985; Montali etal, 1992). 
False-negative diagnoses are usually caused by an inadequate sampling procedure, 
whereas false-positive diagnoses are usually caused by the misinterpretation of scanty 
adrenal cortical cells as the clear cell variant of RCC or a hepatocellular carcinoma 
(Karstrop, 1991). In a study of 24 children with neuroblastic tumors, Frostad et al (1998) 
reported an accuracy of 97%. It remains difficult to distinguish an adenoma from a well- 
differentiated ACC in both cytologic and histologic specimens. It has been our experience that 
intensely pink and granular cytoplasm is rarely seen in adrenal adenoma, and numerous lipid 
droplets are not seen in carcinoma. Clinical information is absolutely essential for the accurate 
assessment of adrenal FNA biopsies. FNA may assist in the selection of the appropriate mode 
of therapy. 

THE RETROPERITONEUM 

The retroperitoneal space is located in the posterior abdomen, and is demarcated anteriorly 
by the posterior layer of the peritoneum and posteriorly by the skeletal muscles and fasciae of 
the posterior abdominal wall. It extends from the diaphragm down to the floor of the pelvis. In 
addition to the major retroperitoneal abdominal organs (i.e., the pancreas, kidneys, adrenals, 
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and duodenum), the retroperitoneal space contains the abdominal aorta, inferior vena cava, 
sympathetic nerve trunks, and celiac and sacral nerve ganglion plexuses. The 
retroperitoneal space is filled with loose connective tissue and fat-harboring lymphatic 
vessels, chains of lymph nodes, and nerves. All of these structures may give rise to 
primary tumors. 

The retroperitoneal space is the site of numerous pathologic processes, most of which are 
malignant (Katz, 1997a). Excluding tumors that arise in major retroperitoneal organs (i.e., the 
pancreas, kidneys and adrenals, as described in the preceding pages and other chapters in this 
book), tumors of the retroperitoneum are not unique to this site. The most common malignant 
retroperitoneal tumors are metastases from cancers of the genitourinary tract, followed by 
malignant lymphomas that can be either primary or metastatic. The less common primary 
retroperitoneal tumors include a variety of soft part sarcomas, tumors derived from neural 
crest, and, very rarely, primary germ cell tumors. The retroperitoneum may also be the site of 
various benign space-occupying lesions. 

The clinical, histologic, and cytologic features of most of the neoplastic lesions are discussed at 
length in various chapters of this book, and therefore are only briefly described and illustrated 
here. The primary purpose of this contribution is to present a cohesive summary of the various 
lesions, and their relative frequency and differential diagnosis, and to stress the need for 
ancillary studies that must be clinically relevant and cost-effective. 

INDICATIONS AND TECHNIQUES 

Space-occupying lesions located in the retroperitoneal space constitute a prime target for 
FNA. Surgical exploration of this large area of the body for diagnostic purposes is technically 
not easy, and is not without considerable risk to the patient. 

The basic concept of transcutaneous retroperitoneal FNA originated with Gothlin (1976), who 
injected radiopaque material into the dorsum of the foot to opacify retroperitoneal lymph nodes 
that could be aspirated under fluoroscopic control. This procedure, known as 
lymphangiography, was not without problems in terms of sampling and interpretation because 
the exposure of lymph nodes to radiopaque material resulted in a granulomatous foreign-body 
reaction and fibrosis that obscured the presence of tumor cells (Glatstein et al, 1969; Wallace et 
al, 1977; Lee et al, 1980). The first application of these techniques was for staging of 
Hodgkin's disease (Brascho et al, 1977), in which radiologic examination of the opacified 
lymph nodes replaced staging laparotomy (Goffinet et al, 1973). 

The imaging of the retroperitoneal space and its transcutaneous aspiration is now guided by 
CT and US, the latter being particularly useful for identifying cystic lesions (Stephens et al, 

1977; Bree et al, 1984; Knelson et al, 1989). Currently, any space-occupying lesions of the 
retroperitoneum may be aspirated (Koss et al, 1992). 

MRI can now be used to visualize retroperitoneal lesions and lymph nodes; however, it cannot 
be used as a guide for aspiration biopsy with metallic needles (Nishimura et al, 2001 ; Grubnic 
et al, 2002). 

The initial applications of retroperitoneal FNA were for staging of malignant lymphomas and 
tumors of the genitourinary tract by sampling pelvic and retroperitoneal lymph nodes 

(Zornoza et al, 1977a,b; Bonfiglio et al, 1979; Dunnick et al, 1980; Eframides et al, 1981; 
Zornoza et al, 1981a; Eideken-Monroe et al, 1982; Cochand-Priollet et al, 1987; Kohler et al, 
1990). Cancers of the cervix, endometrium, and ovary in women, and the testis and 
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The approach used by interventional radiologists to aspirate 
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retroperitoneal lesions varies depending on the size and location of the lesion. The guiding 
principle is to reach the lesion by the shortest possible route, with the least possible injury to 
the patient. Thus, anterior, lateral and posterior approaches may be selected and the 
patient is positioned appropriately. In some cases, even a transhepatic approach may be 
chosen. It is of interest that when the anterior approach is used, the needle crosses intestinal 
loops and sometimes major vessels without significant complications. Acase of needle tract 
seeding of a liposarcoma was described by Hidai et al (1983). 



TABLE 40-8 SPACE-OCCUPYING LESIONS OF THE RETROPERITONEUM 

Inflammatory lesions 

Abscesses 

Other inflammatory lesions 
Benign cystic lesions 
Miscellaneous benign lesions 
Lesions of lymph nodes 

Reactive lymphoid hyperplasia 
Malignant lymphomas 
Hodgkin's disease 
Non-Hodgkin's lymphoma 

Mesenchymal tumors 

Adipose tissue: lipoma, liposarcoma, lipomyxosarcoma 
Smooth muscle: leiomyoma, leiomyosarcoma 

Fibrous connective tissue: idiopathic retroperitoneal fibrosis, fibroma, fibrosarcoma 
Blood vessels: hemangioma, hemangiopericytoma, angiosarcoma 
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Tumors of neural crest 

Neurilemmoma, malignant schwannoma 
Neurogenic sarcoma 
Neuroblastoma 
Ganglioneuroblastoma 
Ganglioneuroma 

Paraganglioma (pheochromocytoma) 

Chordoma 

Miscellaneous primary tumors 
Metastatic tumors 



Targets of Aspiration Biopsy in the Retroperitoneal Space 

Table 40-8 lists space-occupying lesions of the retroperitoneum that may be the target of 
aspiration biopsies. Lesions of the pancreas, kidney, and adrenals are discussed elsewhere in 
this chapter and in Chapter 39. 

NORMAL CELLULAR COMPONENTS 

The only normal benign cells of retroperitoneal origin are occasional fibroblasts, capillary 
endothelium, and fat cells. However, it is not uncommon to observe in aspirates of the 
retroperitoneum benign cells of intraabdominal organs that are inadvertently sampled 
during the aspiration procedure. Most commonly observed are mesothelial cells, followed by 
pancreatic ductal cells, gastric epithelium, colonic epithelium, and hepatocytes. These 
benign cellular components are extensively illustrated in other chapters. Although vesicles are 
not retroperitoneal in location, the seminal vesicles may be aspirated (see Chap. 33). 

BENIGN LESIONS 
Inflammatory Lesions 
Abscesses 

Retroperitoneal abscesses are uncommon and are usually secondary to pelvic abscesses 
caused by a bacterial infection (Koehler and Moss, 1980). Although we have not personally 
observed a case, it may be assumed that the aspirate will consist of purulent material. 

Tuberculosis and Related Infections 

Tuberculosis involving the retroperitoneal lymph nodes is common in parts of the world 
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where the disease is still prevalent, and is occasionally seen in the United States in immigrant 
populations. Pott's disease or tuberculous spondylitis, involving the vetebral column and 
the adjacent muscles and fasciae, may also present as a retroperitoneal mass. In patients with 
AIDS, Mycobacterium avium intraceiiuiare infection is common. For a description of the 
cytologic manifestations of these disorders, see Chapter 31 . 

Parasitic Diseases 

Paragonimus westermanii, a lung fluke, can spread to the retroperitoneal space and cause 
cystic, tumor-like swelling (Jeong et al, 1999). The diagnosis can be established by finding the 
characteristic ova, as described in Chapter 19. 

Hydatid cysts, caused by Ecchinococcus granulosus infestation, may occur in the 
retroperitoneal space (Sener et al, 2001 ). For a description of the cytologic findings, see 
Chapters 19 and 38. 

Filariae may also cause retroperitoneal masses. A case of FNA-diagnosed lesions caused by 
Dirofiiaria re pens was described by Roussel et al (1990). 

Cysts and Other Benign Lesions 

Cysts in the retroperitoneum are rare and may be of enteric, lymphatic, or dermoid type. 

The enteric and lymphatic cysts are surfaced by a simple single layer of flattened 
epithelium, surrounded by a fibrous tissue capsule. They may occur in children (Okur et al, 

1997). The exquisitely rare primary dermoid cysts mimic similar tumors of the ovary (see 
Chap. 15). 

Bronchogenic cysts, lined by ciliated epithelium, may occur in the retroperitoneal space 
(Haddadin et al, 2001; Ingu et al, 2002). A histologically similar cyst of the mesentery and 
retroperitoneum was diagnosed as a Mullerian cyst by Lee et al (1998). 
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Cystic lesions may also occur as a consequence of a retroperitoneal hematoma (Ushida et 
al, 2000) or by cystic degeneration of solid tumors. 

Cytology 

The rarity of the retroperitoneal cysts precludes a large cytologic experience with these lesions. 

In our limited experience, the aspirate may yield fluids of various amounts, colors, and 
consistencies depending on the nature of the cyst. The sediment is usually very scanty. It may 
contain epithelial cells, singly and in small clusters, and macrophages. In bronchial cysts, the 
epithelium is ciliated and similar to normal bronchial cells (see Chap. 19). 

Idiopathic Retroperitoneal Fibrosis 

Idiopathic retroperitoneal fibrosis is a rare, progressive tumor-like lesion that usually occurs 
in adults and simulates a soft-tissue sarcoma on imaging studies. The etiology is unknown. 
Progressive fibrosis narrows and characteristically displaces the ureters medially, and may lead 
to ureteral obstruction and renal failure. Resection is not possible, and sections of biopsy 
specimens reveal benign, proliferating fibroblasts, either with or without collagen and hyaline 
stroma, accompanied by an inflammatory infiltrate, usually composed of lymphocytes (Fig. 40- 
29A). 
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Figure 40-29 A Retroperitoneal fibrosis in a 56-year-old woman. Note the proliferating 
fibroblasts in a dense collagenized stroma with a few lymphocytes. B. Needle core biopsy 
of abdominal fibromatosis. The corresponding FNAsmears were not diagnostic. C,D. Low- 
and high-power view of a retroperitoneal schwannoma. Note the dark bands formed by 
palisading cells (Verocay bodies). 



Cytology 

Stein et al (1997) described the findings in three cases of idiopathic retroperitoneal fibrosis. 

Reactive fibroblasts, with conspicuous nucleoli, sheets of fibrous tissue and inflammatory 
cells, predominantly lymphocytes, were present in all cases. The authors suggested that the 
diagnosis could be established on FNAif supported by clinical and imaging data. In our 
experience, a cytologic diagnosis is difficult to establish because of the paucity of cells. Needle 
core biopsy is more rewarding (Fig. 40-29B). 

Miscellaneous Rare Lesions 

Endometriosis may be the cause of retroperitoneal masses (Rana et al, 2001). To our 
knowledge, there is no recorded case of cytologic diagnosis of endometriosis in this location 
(see Chap. 14). 

Myelolipoma has been observed in the adrenal gland (see above), but it may also occur in 
extra- and para-adrenal locations (Spanta et al, 1999). 

Malakoplakia has been observed as a retroperitoneal pelvic mass diagnosed by FNA 
(Perez-Barrios et al, 1992). For a description of the cytologic findings in malakoplakia, see 
Chapter 22. 

Benign mesenchymal tumors (listed in Table 40-8) are extremely rare in the retroperitoneal 
space. Their cytology is described in Chapter 35. 

P.1497 



RETROPERITONEAL LYMPH ADENOPATHY 

Lymph node enlargement is one of the most common targets of retroperitoneal FNA It 
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may be caused by a benign reactive hyperplasia, a malignant lymphoma, or a metastatic 

tumor. In many cases, the clinician or radiologist cannot express a preference for one of these 
three diagnostic options, and the FNAmay be the first approach for elucidating the nature of 
the illness. 

Benign Reactive Hyperplasia 

In benign reactive hyperplasia, the enlarged lymph nodes are usually discrete and rarely 
matted together. The causes are various, with a reaction to an infectious process being the 
most common. However, as discussed at length in Chapter 31, there are many other causes 
of reactive lymph node enlargement that may also involve the retroperitoneal lymph nodes. 

In our experience, benign hyperplastic retroperitoneal lymph nodes are rarely aspirated. 

Except for granulomatous lymphadenitis, the cytologic recognition of this disorder is difficult 
to achieve, perhaps because the diagnosis is not anticipated (Koss et al, 1992). 




Figure 40-30 A Reactive lymph node. The polymorphic cell population of mature and 
immature lymphocytes along with a tingible body macrophage is diagnostic. B. Tissue from 
a hyperplastic lymph node. C,D. Malignant lymphoma mimicking small-cell carcinoma. C. 
The air-dried and Diff-Quik-stained smear of this retroperitoneal lymph node FNA shows 
conspicuous molding but no single cell necrosis. D. Leukocyte common antigen (CD-45) 
positivity confirms the diagnosis of malignant lymphoma. 



As described in Chapter 31, the smears of hyperplastic lymph nodes are usually rich in 
lymphocytes in various stages of maturation, and contain tingible body macrophages 
(Fig. 40-30A.B). The lingering possibility in these situations is that the sampling was 
inadequate, and a malignant lymphoma or metastatic tumor may not have been recognized. 
There is usually not enough material with which to perform immunologic studies and, therefore, 
the diagnosis should be rendered with caution. Unless the clinical and imaging data 
strongly support the benign verdict, quite often an exploratory laparotomy is also performed to 
secure a tissue sample for confirmation. 
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Malignant Lymphomas 

Approximately one quarter of all retroperitoneal masses are secondary to involvement by 
lymphoma (Katz, 1997a). In most cases the retroperitoneal abnormalities occur in patients 
with known lymphomas, and the FNA procedure is used mainly to confirm the diagnosis 
and staging. Primary retroperitoneal lymphoma is relatively uncommon. 

P.1498 

As discussed in Chapter 31, the diagnosis of Hodgkin's disease and the diagnosis and 
typing of non-Hodgkin's lymphoma based on conventionally stained FNA-aspirated material 
from lymph nodes have their limitations (Cafferty et al, 1990; Katz, 1997b,c; Weiss and Pitts, 

2001). The problems are less severe in staging of lymphomas of known type, although 
difficulties may be experienced in recognizing recurrent lymphoma after treatment by 
radiotherapy or chemotherapy (Koss et al, 1992). 

Problems with the primary diagnosis of retroperitoneal lymphomas are often caused by 
scarcity of the diagnostic material, and uncertain clinical and imaging data. Ancillary procedures 
such as immunocytochemistry, image analysis, and flow cytometry are essential in most 
cases, as discussed in Chapter 31. The primary diagnosis of malignant lymphoma is further 
complicated by the fact that a number of other primary or metastatic retroperitoneal 
tumors, composed of small cells, may mimic a malignant lymphoma or vice versa (Fig. 40- 
30B,C). Neuroblastoma or other malignant tumors composed of small blue cells in children, 
and metastatic germ cell testicular or ovarian tumors in adults may be mistaken for a 
lymphoma. The morphologic, immunologic, and molecular features of these tumors are 
discussed in the appropriate chapters. Further, it has been our experience that the source of 
metastases in the testis or the ovary may be inapparent or occult, and the search for the 
primary tumor is triggered by the retroperitoneal aspiration. For further comments on metastatic 
tumors to the retroperitoneum, see below. 

OTHER PRIMARY MALIGNANT TUMORS 

Tumors of Mesenchymal Origin 

Table 40-8 lists the benign and malignant tumors of mesenchymal origin. The retroperitoneum 
is the primary site of approximately 13% of all sarcomas (Jaques et al, 1989), which 
constitute only 8% of all retroperitoneal masses observed in FNA (Katz, 1997a). These 
sarcomas are described in detail in Chapter 35. The success and failure of aspiration biopsy of 
mesenchymal tumors depends on the quality and cellularity of the sample. Regardless of the 
skill of the operator, some lesions of connective tissue origin will yield small samples of cells 
that are inadequate for diagnosis (see comments above on retroperitoneal fibrosis). Even with 
optimal samples, though, it may be difficult to differentiate between benign and malignant 
lesions. 

Prime examples of such problems are the differentiation of a lipoma from a well- 
differentiated liposarcoma (Tallini et al, 1993), a leiomyoma from a well-differentiated 
leiomyosarcoma, or a benign from a malignant schwannoma (Koss et al, 1992). 

Although sarcomas are usually, but not always, recognized as malignant tumors, it may 
be extremely difficult to classify them precisely from FNA samples (Koss et al, 1992; Ferretti et 
al, 1997). In many such cases, an elaborate set of immunocytochemical procedures, 
electron microscopy, or a genetic study may be required for accurate classification. As an 
example, bizarre cancer cells from a case of retroperitoneal rhabdomyosarcoma are shown 
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in Figure 40-31. It may also be difficult to grade sarcomas because the FNA sample may 
not be representative of the tumor. It has been proposed that the latter difficulty can be 
overcome, to some extent, by DNAploidy analysis of Feulgen-stained smears. In general, 
low-grade sarcomas are diploid with a low proliferation index, whereas high-grade 
sarcomas are aneuploid or tetraploid with an elevated proliferation index (Katz, 1997a). 

However, there are many exceptions to this rule (Agarwal et al, 1991). 

Cytology 

There is now a modest, but increasing, experience with classifying aspirated primary 
retroperitoneal mesenchymal tumors (Table 40-9) (Willems, 1983; Koss et al, 1992; Powers et 
al, 1994; Ferretti et al, 1997). Broadly speaking, the dominant cytologic patterns of primary 
mesenchymal retroperitoneal tumors can be divided into several groups, as discussed at length 
in Chapter 35 and summarized below: 

■ Tumors of fatty tissue with mature or immature fat cells (lipomas and liposarcomas) 

■ Spindle cell tumors [tumors of connective tissue, smooth muscle, nerve, and vessels 
(angiosarcomas)] 

■ Sarcomas composed of large cancer cells [epithelial leiomyosarcomas, gastrointestinal 
stromal (GIST) tumors, rhabdomyosarcomas, large-cell lymphomas, etc.; for example see Fig. 

40-31] 

■ Sarcomas composed of small cancer cells (embryonal rhabdomyosarcomas, 
neuroblastomas, Ewing sarcomas, and small-cell lymphomas) 

■ Tumors with special features (chordomas, ganglioneuroblastomas, and ganglioneuromas; 
see below) 

This summary is not all-inclusive, and is based on personal experience that is limited to one or 
two examples in each category. The differential diagnosis of such cytologic samples must 
always include metastatic tumors of various origins, as discussed below, and usually 
requires extensive immunocytochemical analysis. Unfortunately, the material secured by 
FNA is usually insufficient for such testing, unless cell blocks are also available. In the absence 
of conclusive data, it is best to limit the diagnostic conclusion to a general description of the cell 
pattern (e.g., “spindle cell tumor”) and, if possible, a determination as to whether the tumor is 
benign or malignant. In many such cases, tissue samples may be necessary for a definitive 
diagnosis. 

Tumors of Neural Crest Origin 

Neuroblastomas, ganglioneuroblastomas, ganglioneuromas, and pheochromocytomas 

are described in detail above in the section on the adrenal gland. All of these tumors, 
particularly benign and malignant paraganglioma (extra-adrenal pheochromocytoma), may 
be primary in the retroperitoneal space (Wilson and Ibanez, 1978; Koss et al, 1992; Vera- 
Alvares et al, 1993; Gupta et al, 1998a; Yen and Cobb, 1998; Jain et al, 1999). Vera-Alvarez et 
al(1993) 

P.1499 

observed intranuclear cytoplasmic inclusions in a case of malignant paraganglioma. 
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Figure 40-31 Pleomorphic rhabdomyosarcoma. A. Aspiration smear. Multinucleated 
giant cancer cells and malignant spindle cells are shown. Malignant fibrous histiocytoma, 
pleomorphic liposarcoma, high-grade leiomyosarcoma, and malignant schwannoma must 
be considered in the differential diagnosis. B,C. Higher magnification of the giant and 
spindle cells. D. Positive myoglobin immunostain of excised tumor confirmed the diagnosis 
of retroperitoneal rhabdosarcoma mimicking metastatic carcinoma. 



Miscellaneous Primary Tumors 

Cytologic observations have been reported for a number of unusual primary tumors in the 
retroperitoneal space. Doha et al (1990) described a case of mesenchymal chondosarcoma. 
This tumor is described in Chapter 36. Motoyama et al (1994) described two cases of 
mucinous cystic tumors of the retroperitoneum, which in all aspects were identical to ovarian 
tumors of this type (see Chap. 16). 

Chordoma 

Chordoma, or tumors of the notochord, usually occur at the two extremities of the spinal 
column — at the cranial end or near the sacrum (see Chaps. 27 and 36). Sacral tumors may 
spread to the retroperitoneal space and be aspirated as such. The characteristic 
physalipherous cells, which mimic cartilage cells and are provided with a large, vacuolated, 
“bubbly” cytoplasm and a peripheral, spherical nucleus, are diagnostic of this tumor (Fig. 40- 
32). However, similar cells may be derived from an inadvertently aspirated nucleus pulposus, 
the central portion of a herniated intervetrebral cartilage (see Chaps. 27 and 36 and Fig. 36- 
18). 

Primary Germ Cell Tumors 

Although germ cell tumors may be primary in the retroperitoneal space (Parkinson and Chabrel, 
1984), in all such cases a search for an occult tumor in the ovary or testis must be 
conducted (Bohle et al, 1986). The cytologic presentation of these tumors in aspiration biopsies 
is discussed in Chapters 15 and 33. 

The most common of these tumors are mature retroperitoneal teratomas, which are 
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observed predominantly in infants and children (Arnheim, 1951). They are nearly always 
benign and mimic identical ovarian tumors (see Chap. 16). A rare case of malignant 
transformation of a retroperitoneal teratoma in a child was described by Ohno and 
Kanematsu (1998). The cytologic features of the rare primary seminoma of the 
retroperitoneum are identical to the much more common metastatic tumor (discussed below). 

Husain and Nguyen (1995) described the FNA cytology of a case of a primary retroperitoneal 
extragonodal germ cell tumor with features of embryonal carcinoma of the testis. 

P.1500 



TABLE 40-9 DOMINANT CYTOLOGIC PATTERNS OF PRIMARY RETROPERITONEAL 

TUMORS* * 

Fat cells or lipoblasts 

Lipomas and well-differentiated liposarcomas 
Pleomorphic liposarcoma 
Spindle cell tumors 

Leiomyoma and leiomyosarcoma 
Spindle cell lipomas 
Fibrosarcoma 

Hemangioma, angiosarcoma 

* 

Neurilemmoma (schwannoma), benign and malignant 
Tumors composed of dispersed large cancer cells 
Malignant fibrous histiocytoma 
Pleomorphic liposarcoma 

Pleomorphic rhabdomyosarcoma 

* 

Large-cell lymphomas 

* 

Some metastatic tumors, mainly seminomas 
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Tumors composed of large cancer cells in cohesive clusters 

Epithelioid leiomyosarcoma 
Epithelioid sarcoma 
Paraganglioma 

* 

Some metastatic carcinomas 

Tumors composed of small cancer cells 

Round cell liposarcoma 

Embryonal rhabdomyosarcoma 

* 

Neuroblastoma 
Ewing's sarcoma 
Desmoplastic small cell tumor 

* 

Well-differentiated malignant lymphomas 

Tumors with special features 

* 

Ganglioneuroblastoma 

* 

Ganglioneuroma 

■k 

Chordoma 

* 

For the primary immunohistochemical profiles of these tumors, see Chapter 45. 
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Figure 40-32 Chordoma with extension to the retroperitoneum. Note the 
characteristic large physalipherous cells. Metastatic adenocarcinoma and chondrocytes 
from nucleus pulposus must be considered in the differential diagnosis. 



METASTATIC TUMORS 

Retroperitoneal metastases from overt or sometimes occult testicular germ cell tumors are 
quite common and usually occur in young males, although we have also observed them in men 
in the fifth decade of life. They very rarely occur with ovarian tumors. With chemotherapy, 
radiotherapy, and surgery, germ cell tumors of the testes are among the most curable cancers, 
even when they metastasize to distant sites (for a recent summary see Preiner and Jewett, 

1999). The estimated annual incidence of testicular tumors is 7,500, with a cure rate estimated 
at 95% (Jemal et al, 2002). Estimates for ovarian germ cell tumors are not available. 

Retroperitoneal lymph nodes are the usual site of metastases. The diagnosis of germ cell 
tumors is based on cytomorphology, but clinical suspicion is often raised by elevated levels 
of serum tumor markers, such as placental alkaline phosphatase (PLAP), a-fetoprotein 
(AFP), and |3-human chorionic gonadotropin (p-HCG). 

The most common malignant germ cell tumor in males is a seminoma (Fig. 40-33A-D). The 
identical counterpart in females is the ovarian dysgerminoma; however, this tumor very rarely 
forms retroperitoneal metastases. The cytology of primary (Tao et al, 1984) and metastatic 
seminoma, and the role of immunostaining in the differential diagnosis with malignant 
lymphoma are discussed in Chapters 31 and 33. These tumors shed dispersed large cancer 
cells with prominent nucleoli. An important diagnostic feature, shown in Figure 40-33C, is the 
presence of a tigroid background, which is observed in air-dried preparations stained with 
hematologic stains. To rule out the possibility of a metastatic carcinoma or large-cell lymphoma, 
which may sometimes mimic seminoma cells, immunostains may be helpful. Thus, a positive 
cytokeratin stain would be in favor of a poorly differentiated metastatic carcinoma, CD-45 
stain is positive in most lymphomas, and PLAP is positive in seminoma. 

Metastatic embryonal carcinomas and endodermal sinus tumors (or yolk sac tumors) 

are considered together in aspiration cytology. In contrast to the dispersed cells seen in 
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seminomas, the tumor cells form cohesive clusters consistent with a poorly 
differentiating adenocarcinoma. In the endodermal sinus tumor, PAS-positive, diastase- 
resistant hyaline globules may be observed in the cytoplasm of tumor cells (see Chap. 15). 

When immunostain for alphafeto protein is positive, it is virtually diagnostic of embryonal 
carcinoma. 

Metastatic choriocarcinoma of uterine or gonadal origin is exceptional. Although it is 
extremely rare for a gestational choriocarcinoma to be clinically latent, such cases may 
occur. As described in Chapter 17, this is a highly pleomorphic malignant tumor with two 
cell types: small cytotrophoblasts and large, bizarre, multinucleated syncytiotrophoblasts. 

The smear background is usually necrotic and hemorrhagic. Immunostaining for p-HCG is 
positive in the syncytiotrophoblast. 

As discussed in Chapter 33, many testicular germ cell tumors are mixed and may contain, in 
various proportions, elements of teratoma, embryonal carcinoma, seminoma, yolk sac 
tumor, and, rarely, choriocarcinoma. These mixed patterns may be observed in 
retroperitoneal metastases. Therefore, FNA smears may show a variety of cytologic patterns 
side by side. 

P.1501 




Figure 40-33 Primary retroperitoneal seminoma that clinically mimics a metastatic 
carcinoma. A The smear shows a cluster of cancer cells and scattered lymphocytes. As a 
rule, enlarged lymph nodes due to metastatic carcinoma do not show an intimate mix of 
lymphocytes and cancer cells. B. Higher magnification of A Note the single, central large 
nucleoli in the large seminoma cells. C. Diff-Quik stain of an air-dried smear reveals a 
tigroid background characteristic of seminomas. D. Histology of the same tumor. 
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Figure 40-34 Metastatic cancers. A Metastatic endometrial carcinoma in a 
retroperitoneal lymph node. Note the orderly arrangement of cancer cells in the gland-like 
structures. The absence of necrosis in the background is against the diagnosis of colonic 
carcinoma. B. Metastatic melanoma. Note the dispersed cancer cells with prominent 
nucleoli. In this example, a precise diagnosis of tumor type cannot be made. 



P.1502 

Growing teratoma syndrome is a rare disorder in which metastatic teratomatous masses 
occur following treatment of nonseminomatous testicular cancers (Ravi, 1995). Although most 
of these metastases occur in the retroperitoneum, they may also occur in other sites. Good 
response of these masses to surgical removal has been recorded (Ravi, 1995; Maroto et al, 

1997). There is no described cytologic experience with these rare tumors. 

Metastatic Carcinomas 

Metastatic carcinomas to the retroperitoneal lymph nodes are the most common finding in 
FNAof retroperitoneal masses (Katz, 1997b, 1997c). The sources are most often tumors of 
the pelvic organs, such as the prostate, testes, urinary bladder, cervix, vagina, and 
endometrium (Fig. 40-34A). Less likely primary sites are the ovary, kidney, adrenal, 
stomach, colon, pancreas, lung, breast, and melanoma (Fig. 40-34B). FNA plays a vital 
role in staging and may obviate the need for exploratory laparotomy. The cytologic presentation 
of these tumors is discussed in the appropriate chapters. Briefly, the aspirates are cellular and 
usually contain clusters of malignant cells of various types, depending on the primary 
source, and are sometimes accompanied by scattered lymphocytes. 

RESULTS AND CONCLUSIONS 

The diagnosis of metastatic disease in the retroperitoneal lymph nodes by FNA is highly 
rewarding, with an accuracy of about 90% and false-negative results in less than 10% of 
cases. The latter are usually caused by inadequate sampling relating to the small size or 
difficult location of the node, or inexperience of the operator. Very few false-positive diagnoses 
at this site are reported (Bonfiglio et al, 1979; Kidd, 1979; Mennemeyer et al, 1979; Wajsman et 
al, 1982; Cochand-Priollet et al, 1987; Nagano et al, 1991; Al-Mofleh, 1992). Suen (1994) 
described and illustrated a false-positive case involving a 49-year-old woman with colonic 
adenocarcinoma that had been resected 8 months before FNA was performed. In this case, 
mesothelial cells were misinterpreted as adenocarcinoma cells. It has also been our 
experience that the most common source of diagnostic errors by inexperienced or tired 
personnel is the misinterpretation of mesothelial cells as malignant cells. Most of these 
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mistakes usually occur at the end of the long day and are based on evidence that is limited to a 
few clusters of mesothelial cells overstained with one of the hematologic stains. One should 
also watch out for the extremely rare, inadvertently aspirated seminal vesicle cells that may 
mimic poorly differentiated adenocarcinoma (see Chap. 33). It is prudent to postpone the 
interpretation of difficult cytologic cases until the next morning when the eyes are fresh and the 
mind is clear. 
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41 

The Eyelids, Orbit, and Eye 



Cytologic diagnosis of various disorders of the eyelids and the external eye has been in use for 
many years (Kimura and Thygeson, 1955). Naib (1972, 1981) was a major contributor to this 
knowledge. Cytologic sampling of the orbit, its adnexa, and the eye became possible with the 
developments of imaging modalities, such as the computed tomography (CT) and precision 
ultrasound. With the use of small caliber needles under imaging guidance, the aspiration of 
these organs became safe and accurate (Jakobiec and Chattock, 1978; Czerniak et al, 1983, 
1985; Koss et al, 1992; Glasgow and Foos, 1993). In this chapter, the application of cytologic 
techniques to the external eye, the orbit and its contents will be discussed. 

ANATOMIC AND HISTOLOGIC RECALL 

The eye is located within the bony structure of the skull, the orbit. The eye is connected to the 
brain by the optic nerve and to the orbit by a number of striated muscles that control its 
movements. Besides the eye and the muscles, the orbit is filled with loose connective tissue 
that contains nerves, vessels, and small deposits of lymphocytes. 

The anterior surface of the eye, a transparent to light lens-like structure, the cornea, is lined on 
its surface by a transparent, stratified, nonkeratinized squamous epithelium (Fig. 41-1 A). 
Laterally, the cornea becomes the sclera, a fibrous structure that encloses the eye. The eye is 
protected anteriorly by the eyelids which, on the surface facing the eye, are lined by a stratified 
epithelium containing numerous mucus-producing goblet cells. This epithelium is in 
continuity with the squamous epithelium lining the cornea; the transition occurs at the limbus, 
where the peripheral cornea merges with the anterior sclera. The outer surface of the eyelids is 
formed by skin. The eyelids contain numerous mucus-producing glands, the largest and most 
important being the meibomian glands. Smaller glands are known as glands of Zeis and Moll. 
Extending from the eyelids into the orbit are the lacrimal glands, similar in structure to serous 
salivary glands, which, by a series of canals, secrete tears that lubricate the eye and the 
eyelids. 

The internal structure of the eye is extremely complex and beyond the scope of this chapter, 
thus only the key structures will be mentioned. The interior of the eye is divided into two 
chambers: the anterior aqueous chamber, located between the cornea and the transparent 
crystalline lens, and the posterior chamber, filled with transparent viscous vitreous (vitreous 
body), demarcated anteriorly by the lens and posteriorly by the retina. The anterior chamber 
contains a contractile pigmented structure, the iris, forming the pupil of the eye and regulating 
the input of light. All parts of the eye serve the primary purpose of processing light signals by 
multilayered sensory complex neuronal tissue, the retina. The retina can become the site of a 
malignant tumor of childhood, the retinoblastoma. On the outer, orbital side, the retina is 
supported by a layer of melanin-containing pigment epithelium that extends anteriorly into 
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the iris. In turn, the pigmented epithelium is separated from the sclera by an intermediate layer, 
the uvea, composed 

P.1509 

of connective tissue containing blood vessels, nerves, and melanocytes. The uvea is divided 
into three distinct anatomic segments: the choroid, which surrounds most of the eye and 
transits anteriorly into the ciliary body, and the iris. The most common malignant tumors of the 
eye, malignant melanomas, develop in the uvea, particularly in the choroid but also, less 
commonly, in the ciliary body and the iris. The optic nerve may be the site of formation of 
orbital gliomas and meningiomas. For a detailed description of the histology of the eye, the 
reader is referred to a simple, yet detailed and accurate account by Stevens and Lowe (1992). 







Figure 41-1 A. Normal corneal epithelium. Note orderly epithelium of squamous type 
without surface keratinization. B. Normal conjunctival scrape smear. Cuboidal and 
columnar epithelial cells and goblet cells. 



THE EYELIDS AND EXTERNAL SURFACE OF THE EYE 

Sampling Techniques 

The external surface of the eye and the eyelids are accessible to simple cytologic 
procedures, within the reach of any ophthalmologist and any laboratory of cytology. Scraping 
the surface of the lesion under local anesthesia with an appropriate small instrument and 
preparation of alcoholfixed or air-dried smears is sufficient for the diagnosis of 
inflammatory disorders and some malignant lesions, such as carcinoma of the cornea 
and conjunctiva, or carcinomas of the eyelid (Naib et al, 1967; Dykstra and Dykstra, 1969; 
Spinak and Friedman, 1977; Naib, 1970, 1981; Koss et al, 1992). Tsubota et al (1990) and 
Kobayashi et al (1991) advocated the use of a modified small endocervical brush with 
short, soft bristles (S-Brush, Medscan, Malmo, Sweden) for securing material from the 
conjunctiva. Instead of smears, these authors advocated the use of a cytocentrifuge and, more 
recently, ThinPrep (Cytyc Corp, Boxborough, MA) for processing of the samples (Kobayashi et 
al, 1997). Another brush with a spherical tip (Acellon-M) was used for the same purpose by 
Fujihara et al (1997). 

Nolan et al (1994, 1997, 2001), described an ingenious technique named “impression 
cytology” for the study of conjunctival samples. Following local anesthesia, a cellulose 
acetate strip is placed on the surface of the cornea using gentle pressure, carefully peeled off, 
fixed in alcohol, and stained with Papanicolaou stain. The technique was used by other 



2638 / 3276 




Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



41 - The Eyelids, Orbit, and Eye 



investigators with impressive results (Dart, 1997; Divani et al, 1997). 

Normal Cells in Conjunctival and Corneal Scrape Smears 

The normal cell population in scrape smears consists of squamous cells of corneal origin and 
cuboidal to columnar epithelial cells of conjunctival origin. Goblet cells may be present 
(Fig. 41-1 B). In about 20% of the patients, squamous cell nuclei may display a central 
chromatin bar, similar to the appearance of Anitschkow cells, first observed by Marner 
(1980). On scanning electron microscopy, the bars form a ridge in the nucleus, whereas in 
transmission electron microscopy, a tortuous folding of the nuclear membrane was observed 
(Kobayashi et al, 1992, 1998). Similar squamous cells have been observed in the oral cavity 
(see Chap. 21 and Fig. 21-1). Kumar and Manabati (1998) also observed nuclear protrusions 
in the form of nipples in conjunctival cells, a common finding in endocervical cells, 
discussed at length in Chapter 8. These nuclear variants may occur in health and disease and 
have no diagnostic significance. 

Inflammatory Lesions 
Viral Infections 

Viral infections are very common and cause painful inflammation of the conjunctiva and the 
cornea. Their identification may be of substantial assistance in the clinical management of the 
patient. Naib et al (1967, 1972, 1981) have given excellent descriptions of cytologic findings 
in eye disorders caused by viruses. These are summarized in Table 41-1. The morphologic 
manifestations of various viral infections were described and illustrated in Chapters 10 and 19. 
Olding-Stenkvist and Brege (1975) applied immunofluorescent techniques for the diagnosis of 
herpetic conjunctivitis. 



There are now several other diagnostic techniques available, such as polymerase chain 
reaction (PCR) for viral identification. 



TABLE 41-1 CYTOLOGIC CHANGES IN VIRAL INFECTIONS OF THE EYE AND 
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ADNEXA 



Inclusion: 

Location of Descriptive 
Disease Ocular Site Inclusions Features 



Remarks 



Trachoma Cornea and Cytoplasmic in Multiple small 

(chlamydia) conjunctiva mature cells (0.5 pm), 



Clusters of 
inclusions from 
necrotic cells 



basophilic with 
halos 



conjunctivitis 
(frequent in 



Inclusion 



Cytoplasmic in Same as above 
mature cells 



Clusters of 
inclusions 



newborn 

infants) 
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Adenovirus 


Conjunctiva 


Intranuclear in 
small cells 


Multiple, small 

eosinophilic, 

becoming 

coalescent, 

basophilic with 

halos 


Few cells 
involved 


Vaccinia 


Conjunctiva 


Cytoplasmic 


Single, large, 
eosinophilic 




Herpes, 
simplex and 
zoster 


Conjunctiva 
and cornea 


Intranuclear, 
often in 
multinucleated 
cells with 
nuclear 
molding 


Enlarged 
“ground-glass” 
nuclei forming 
eosinophilic 
inclusions 


In herpes zoster 
multinucleated 
cells and 
eosinophilic 
inclusions are 
rare 


Measles 


Conjunctiva 


Multinucleated 
giant cells 


Multiple 
eosinophilic 
cytoplasmic 
inclusions with 
sharp halos 





(Modified from Naib ZM, et al. Exfoliative cytology as an aid in the diagnosis of 
ophthalmic lesions. Acta Cytol 11 :295-303, 1967; and Naib ZM. Cytology of ocular 
lesions. Acta Cytol 16:178-185, 1972.) 



Chlamydial Infections 

Conjunctival infection, caused by the bacterium, Chlamydia trachomatis, results in 
trachoma, the most widespread cause of blindness in the developing world. The infection, 
usually transmitted by human contact, leads to opacification of the upper part of the cornea and 
can be diagnosed by cytologic scraping. Besides trachoma, chlamydia may lead to various 
other less dangerous infections, such as chronic inclusion conjunctivitis, characterized by 
formation of lymphoid follicles in the conjunctiva and lower part of the cornea. As discussed 
above, Kobayashi et al (1991 ) advocated the use of the S-brush for the diagnosis of chlamydial 
infection. 

The cytology of the chlamydial infection of the eye is identical to the infections in the 
female genital tract, described and illustrated in Chapter 10. Naib (1972) stressed the presence 
of numerous small (0.5 pm) basophilic cytoplasmic inclusions with halos as the 
characteristic cytologic finding (see Table 41-1). A number of staining techniques documenting 
this infection in infants was discussed and illustrated by Duggan et al (1986). 

Other Inflammatory Processes 

Allergic conjunctivitis, a common disorder, is characterized in smears by a large number of 
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eosinophils mixed with other inflammatory cells. Rivasi et al (1992) also observed an increase in 
goblet cells and the presence of various foreign materials, presumably of plant or mineral origin. 

Bacterial infections result in acute conjunctivitis characterized by a dominance of 
neutrophils in smears. Gonorrheal conjunctivitis in newborn infants is a preventable 
disease with prophylactic treatment with antibiotics. A related organism, Moraxella 
(Branhamella) catarrha/is, an encapsulated diplococcus, may cause a purulent inflammation 
in adults. Eyelid infections with staphylococci (sty) rarely require cytologic confirmation. 
Actinomycosis of the cheek may spread to the orbit. 

An occlusion of the meibomian ducts by an inflammatory process, usually secondary to 
inflammation of the hair follicles (blepharitis), may cause a granulomatous inflammation and 
palpable enlargement of the meibomian glands, known as chalazion. Achalazion may be 
mistaken for a tumor of the eyelids and, more importantly, tumors may be mistaken for a 
chalazion. Needle aspiration biopsy is the ideal diagnostic technique in these situations. 

Mycotic infections are uncommon but may lead to a severe corneal disease and loss of 
vision, particularly with Phycomycetes (Zygomycetes), such as mucormycosis (Johnson, 

2000). These infections may cause sudden blindness (Downie et al, 1993). Other fungi, such 
as Candida and Aspergillus species, may be observed (Naib, 1981; Johnson, 2000). The 
morphology of these fungi is discussed at length in Chapter 19. 

Parasites 

Acanthamoeba 

Corneal infection (keratitis) caused by Acanthamoeba species occurs with increasing 
frequency, mainly in wearers of soft contact lenses (Stehr-Green et al, 1989; Moore and 
McCulley, 1989). 

P.1511 

Corneal scrapings may be used for diagnosis (summary in Karayianis et al, 1988; Rivasi et al, 

1995). Against a background of acute inflammation, trophozoites and the double-walled cysts 
of the parasite may be identified by several staining and fluorescent techniques, but also in 
Papanicolaou stain (Fig. 41-2). An early diagnosis and aggressive therapy are essential to 
prevent a loss of vision (Moore and McCulley, 1989; Rivasi et al, 1995). 
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Figure 41-2 Acanthamoeba in corneal epithelium in a young wearer of contact lenses. 
Small spherical cysts of the parasite are stained with Gomori-methenamine silver. 
(Courtesy of Dr. Pearl Rosenbaum, Montefiore Medical Center, Bronx, NY.) 



Microsporidiosis 

Microsporidial keratitis, caused by the tiny intracellular protozoan parasite of the genus 
Nosema or Encephalitozoon, previously a rare event observed after corneal trauma in 
immunologically normal patients, is becoming increasingly prevalent in HIV-positive, 
immunosuppressed individuals (Wittner et al, 1993; Weber et al, 1994; Rasterelli et al, 1994; 
Coyle and Weiss, 1996). The epidemiology and life cycle of the parasite were summarized by 
Chen et al (2002). The parasite may be demonstrated in conjunctival smears and biopsies 
with various staining techniques or phase contrast microscopy (Fig. 41-3). Identification of 
specific genus is possible with electron microscopy, by a specific antibody or genomic analysis. 




Figure 41-3 Microsporidia. A Corneal scrapings from a 34-year-old man who was HIV- 
positive. The tiny organisms are present in the cytoplasm, surrounding a central clear area 
that is the nucleus. B. Biopsy of the limbal conjunctiva showing the Gram-positive 
organisms within the cytoplasm of the superficial epithelial cells. (Brown and Brenn stain.) 
(Courtesy of Dr. Pearl Rosenbaum, Montefiore Medical Center, Bronx, NY.) 
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Onchocerciasis (River Blindness) 

Onchocerca volvulus is the largest of human filariae, transmitted by blackflies rather than 
mosquitoes (Ash and Spitz, 1945). It is the cause of severe dermatitis and river blindness, 
prevalent in Africa and parts of Central and South America, caused by numerous filariae 
accumulating in eye chambers, resulting in sclerosing keratitis. The disease is curable with 
appropriate drugs. To our knowledge, cytologic techniques have not been applied to the 
diagnosis of this very important disorder. 

Echinococcosis 

Sodhani et al (1996) described a case of echinococcosis affecting the eye. For description of 
this parasite, see Chapters 19 and 38. 

Benign Tumors 

Scrapings of benign tumors of the skin of the eyelids, such as xanthelasma, molluscum 
contagiosum (a viral disorder), and squamous papillomas may sometimes be of diagnostic 
advantage (Naib, 1981). In xanthelasma, lipid-filled cells may be observed. The cytologic 
presentation of molluscum contagiosum is discussed in Chapters 14 and 36. Squamous 
papilloma may show evidence of human papillomavirus infection in the form of squamous cells 
with abnormal nuclei and a large perinuclear clear zone, known as koilocytes (see Chap. 11 
for extensive discussion of this entity). Other tumors occurring on the skin or surface of the 
eyelids are described in Chapter 36. 

The sebaceous meibomian glands and the small serous glands located within the eyelids 
may be the site of benign tumors mimicking tumors of the salivary glands, notably 
pleomorphic adenomas (see Chap. 32). Leiomyomas of the eyelids have been described 
(Henkeind and Friedman, 1976). 

P.1512 



Malignant Tumors 

Squamous Carcinoma and Its Precursors 

Malignant epithelial tumors of the conjunctiva and surface of the cornea are predominantly 
squamous carcinomas, which in fortuitous situations, may be diagnosed as preinvasive 
neoplastic lesions, such as carcinomas in situ (Fig. 41-4B.D). The term ocular surface 
squamous neoplasia (OSSN) has been proposed to include intraepithelial and invasive 
squamous lesions (Lee and Hirst, 1995; Nolan et al, 1997). The spectrum of abnormalities 
ranged from “simple dysplasia” to carcinoma in situ to invasive carcinoma. Subsequently, 
Nolan et al used the term “high-grade” lesions for carcinomas in situ and related lesions. The 
presence of human papillomavirus type 16, determined by PCR, was reported in a 
substantial proportion of premalignant and malignant lesions of the conjunctiva and cornea 
(McDonell et al, 1 989). For further discussion of human papillomavirus, see Chapter 1 1 . It has 
been reported that conjunctival intraepithelial neoplasia commonly occurs in patients 
with AIDS and may be a marker for this disease (Karp et al, 1996). 

The clinical presentation of carcinoma in situ is often misleading. Slight thickening of the 
conjunctiva combined with increased vascularity may be mistaken for an inflammatory or 
degenerative lesion and treated as such by ophthalmologists. This was the experience of 
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Dykstra and Dykstra (1969), who used cytologic techniques for the diagnosis of squamous 
carcinoma of the conjunctiva. In three of their eight cases, the lesion was still in situ and 
was not suspected clinically. Nolan et al (2001) used touch preparations (impression 
samples — see methods of sampling) of the corneae in 267 patients and compared the 
cytologic samples with biopsies. In 231 of these patients, the lesions were preinvasive, and in 
several of these patients, there was no evidence of clinical disease (Hirst et al, 1998; Nolan 
et al, 2001). These observations from Australia, where corneal carcinoma is common in elderly 
people as a consequence of exposure to ultraviolet light, indicate yet another use of cytologic 
techniques in the detection of an important form of cancer, particularly in patients with AIDS. 

Cytology of squamous carcinoma in situ of the cornea and conjunctiva is identical to 
similar lesions of the uterine cervix or oral cavity (see Chaps. 11 and 21) and consists of small 
to moderately sized atypical, or frankly malignant, squamous cells with markedly enlarged, 
hyperchromatic nuclei of variable sizes (Fig. 41-4A). Nolan et al (1997) stressed that in many of 
the preinvasive squamous lesions and in some invasive squamous carcinomas, there was 
evidence of heavy keratinization and the cytologic presentation of these lesions was 
similar to the keratinizing variant of carcinoma of the uterine cervix (Fig. 41-4C). In some 
of the invasive squamous carcinomas, the smear patterns were those of poorly differentiated 
tumors with little or no keratin formation and large nuclei containing large nucleoli. 

There is limited knowledge on the cytologic presentation of low-grade lesions and it may 
be assumed they resemble similar lesions of the uterine cervix (see below and Chap. 11). 

Dysplasia after Exposure to Mustard Gas 

Safaci et al (2001) reported on several cases of conjunctival dysplasia in soldiers exposed 
to mustard gas during the Iraq-lran war. The cells illustrated in this paper were reminiscent of 
low-grade squamous precancerous lesions of the uterine cervix (see Chap. 11). It is known that 
mustard gas has carcinogenic properties (Watson et al, 1989). Similar conjunctival lesions were 
designated as “keratitis” (Atkinson, 1946) or as “keratopathy” (Pleyer et al, 1999). It is not 
known whether these lesions are precursors of corneal carcinomas, therefore, follow-up 
information on Safaci's patients would be of great interest, particularly in view of the bioterrorist 
threat. Nitrogen mustard, a chemotherapeutic agent related to mustard gas, is a known lung 
carcinogen, as discussed in Chapter 20. 

Malignant Melanomas 

Malignant melanomas of the conjunctiva or the limbus may be related to benign nevi that 
occasionally occur in these locations. The differential diagnosis between an atypical nevus and 
a melanoma may be very difficult in biopsy material. To our knowledge, no attempts have been 
made to diagnose these lesions by scrape cytology. However, there are several reports of 
melanomas of the eyelid, diagnosed by aspiration biopsy (Arora et al, 1990; Gonidi et al, 
1997). Cytology of uveal malignant melanoma is discussed below and in Chapter 34. 

Carcinomas of Meibomian Glands 

An adenocarcinoma of meibomian glands, thought clinically to represent a common 
inflammation of meibomian glands (chalazion) of the lower eyelid, was diagnosed on a scrape 
smear, showing poorly differentiated cancer cells of variable sizes (Fig. 41-5). Arora et al (1990) 
reported the results of aspiration biopsy cytology of several tumors of the eyelid, 
including invasive squamous carcinoma and sebaceous carcinoma. Sebaceous carcinoma 
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is the most common variant of cancer of meibomian glands, fully capable of metastases to 
neck lymph nodes or the parotid (Jakobiec and Chatlock, 1979; Sadeghi et al, 1999). The tumor 
is characterized by obvious cancer cells with the cytoplasm studded with small vacuoles 
representing lipids. 

THE ORBIT AND THE EYE 

Sampling Techniques 

During the 1 970s and 1 980s, the cytologic methods of diagnosis of diseases of the orbit 
and the eye made great strides because of the developments of new targeting techniques, 
such as computed tomography (CT) and ultrasonography, combined with the thin- 
needle aspiration biopsy (FNA) (Dubois et al, 1979). To be successful, the method requires 
specialized equipment and skilled ophthalmologists, familiar with the intricate anatomy of this 
region. The aspiration procedure of the orbit is relatively simple and requires only local 
anesthesia. Aspiration of the eye is quite complex and requires an incision of the cornea or 
sclera. Special procedures have been used to aspirate lesions of the iris. The technical details 
of the procedure were previously described in detail and the interested reader is referred to the 
sources cited (Jakobiec et al, 1979; Engel et al, 1981, 1982; Char and Norman, 1982; 

Augsburger and Shields, 1984; Czerniak et al, 1985; Koss et al, 1992; Glasgow and Foos, 

1993; Zeppa et al, 1997; Sen et al, 1999). 

P.1513 




Figure 41-4 High-grade ocular surface squamous neoplasia (carcinomas in situ of the 
cornea). A. Poorly differentiated squamous cancer cells, corresponding to the histologic 
lesion shown in B. C. Keratin-forming cancer cells, corresponding to the keratinized 
intraepithelial lesion shown in D. (Photographs courtesy of Dr. G.R. Nolan and Prof. L.W. 
Hirst, Royal Brisbane Hospital, Brisbane, Australia.) 
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Figure 41-5 Carcinoma of meibomian glands, clinically mistaken for a chalazion. A 
Scrape smear of the lesion containing numerous cancer cells, singly and in clusters. B. 
Biopsy of the lesion showing a duct replaced by cancer cells and areas of invasive 
carcinoma. (Case courtesy of Dr. Clifford Urban, Phoenixville, PA) 



P.1514 

The rare complications of the procedure include intraorbital hemorrhage and scar formation 
that may result in optic neuropathy and limitation of ocular mobility. 

Lesions of the Orbit 

Clinically, the space-occupying lesions of the orbit may cause dysfunction of ocular 
motility, ptosis of the eyelids, proptosis (protrusion of the eye), and considerable 
visual difficulties. These symptoms may be caused by a variety of disorders, ranging from 
orbital inflammation to tumors. 

Benign Nonneoplastic Lesions Inflammatory Lesions 

Inflammatory lesions may be caused by bacterial infections leading to an acute inflammation 
of orbital connective tissue, or a cellulitis. The aspirates of the orbit in such cases yield 
predominantly polymorphonuclear leukocytes, accompanied by necrotic tissue fragments. The 
lesions may also be caused by fungi, mainly Aspergillus species, but occasionally by other 
organisms as well (Cangiarella et al, 1996). Granulomatous lesions, either tuberculosis or 
sarcoidosis, may be observed (Hoover et al, 1986). Very rare cases of orbital involvements by 
Langerhans' cell histiocytosis were also reported (Kramer et al, 1997; Nassar et al, 2000). 

For description of cytologic presentation of these entities, see Chapters 19 and 31 . 

Benign Tumors and Tumor-Like Disorders 

Among the benign orbital lesions of note are: 

■ Cysts 

■ Benign tumors of lacrimal glands 

■ Inflammatory pseudotumors 

■ Meningiomas and benign gliomas of optic nerve 

Foreign body granulomas (Iyer et al, 1998) and displaced benign lacrimal tissue (Boccato 
et al, 1992) may mimic tumors of orbit. 
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With the exception of meningiomas and benign mixed tumors (pleomorphic adenomas) of the 
lacrimal glands, the aspirates of benign lesions are usually scanty and great care is required to 
preserve the material. 

Orbital Cysts 

These may be mucoceles, probably derived from lacrimal glands and lined by cuboidal or 
columnar mucus-producing cells. The very rare enterogenous type cysts are lined by benign 
cuboidal glandular cells. The cyst content may show high levels of carcinoembryonic epithelial 
antigen (CEA), as described by Ballesteros et al (1997). Dermoid cysts, characterized by 
acellular keratin debris, have also been reported (Arora et al, 1992). 

Benign Tumors of the Lacrimal Glands 

These are commonly pleomorphic adenomas with a cytologic presentation identical to that of 
salivary gland tumors (see Chap. 32). A pigmented pleomorphic adenoma of the ciliary 
body, mimicking a malignant melanoma, was described in the cytologic sample by Laver et al 
(1996). Boccato et al (1992) pointed out that normal ectopic lacrimal glands may be 
mistaken for a neoplasm. 

Meningiomas 

Meningiomas of the orbit may occur secondarily as an extension of intracranial meningiomas 
but may also be primary, derived from meningothelial cells accompanying the optic nerve. The 
benign tumors can be recognized cytologically by whorls of cells with abundant cytoplasm, 
known as meningothelial cells, often accompanied by psammoma bodies. The small 
tumor cells may also form cohesive flat clusters (Fig. 41-6) (Cristallini et al, 1990; Koss et al, 

1992; Cangiarella et al, 1996). For further description and illustrations of cytology of this tumor, 
see Chapter 42. 

Gliomas of the Optic Nerve 

These exceedingly rare tumors are usually observed during the first decade of life and are 
known as juvenile pilocytic astrocytomas (Marquardt and Zimmerman, 1982). Cytology of 
these tumors was described by Kennerdell et al (1979, 1980) and by Koss et al (1992). 

Elongated cells with bland nuclei against a fibrillary background were observed. 

Gliomas may also occur in patients with neurofibromatosis. 

Other Benign Tumors 

Leiomyomas of the orbit were described by Jakobiec et al (1975). 

Pseudotumors 

Inflammatory pseudotumors are acute and chronic inflammatory disorders affecting 
intraorbital tissues (Blodi and Gass, 1967). Another type of pseudotumor (idiopathic 
pseudotumor) is a nonspecific inflammatory reaction with occasional formation of 
granulomas and fibrosis. The acute inflammatory disorders are readily recognized clinically, as 
discussed above. 

The lesion that may cause significant diagnostic difficulties is the benign lymphoid 
pseudotumor, yielding cytologic material composed of a spectrum of lymphoid cells, 
showing various stages of maturation, not unlike a hyperplastic lymph node (Arora et al, 

1992; Cangiarella et al, 1996). The aspirate usually does not permit a secure differentiation 
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between a benign, follicle-forming lymphoid lesion and a malignant lymphoma. In any event, 
even the fate and the significance of the lymphoid pseudotumor are not secure and in at least 
some cases, a malignant lymphoma develops with the passage of time (Jakobiec, 1978; Brady 
et al, 1982). Flow cytometry and immunocytology, to determine 



the clonality of the disorder, may be applied to orbital aspirates, as described below (Nassar et 
al, 2000). 



Figure 41-6 Meningioma of orbit. Aspirate. A Typical field of a smear of meningioma 
showing medium-sized cells forming concentric whorls. B. Aflat sheet of cells with clear 
cytoplasm and small nuclei, some showing small nucleoli. Some nuclei show intranuclear 
cytoplasmic inclusions. (Photographs courtesy of Dr. Joan Cangiarella, New York 
University, New York.) 



Malignant Tumors 

The principal malignant tumors occurring in the orbit are: 

Tumors of lacrimal glands 
Adenoid cystic carcinoma 
Adenocarcinoma 

Malignant tumor ex pleomorphic adenoma or malignant mixed tumor 
Rare tumors 
Malignant lymphomas 
Sarcomas (rare) 

Children: embryonal rhabdomyosarcomas 
Adults: sarcomas of muscle, connective tissue or vessels 
Tumors invading the orbit from adjacent sites (i.e., nasal sinuses, parotid) 

Metastatic tumors (see end of chapter) 

Malignant Tumors of Lacrimal Glands 

We and others (Sturgis et al, 2001 ) have observed reported cases of examples of adenoid 
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cystic carcinoma. De Rosa et al (1986) and Rosenbaum et al (1995) reported cases of acinic 
cell carcinoma. The histology and cytologic presentation of these tumors is discussed at 
length in Chapter 32. 

We have also observed two patients with malignant tumors ex pleomorphic adenomas 
(malignant mixed tumors), which share the morphologic features with the corresponding 
tumors of salivary glands. These uncommon tumors are best recognized by the presence of 
two cytologic patterns side by side, one with features of a benign pleomorphic 
adenoma and the other a malignant tumor that can be a carcinoma or, very rarely, a 
sarcoma. In one of the cases seen by us, the dominant cytologic pattern of the malignant 
component of the tumor was an adenocarcinoma. The initial biopsies disclosed a benign mixed 
tumor. The documentation of the malignant nature of the tumor required several additional 
biopsies (Fig. 41-7). Similar cases have been reported by Arora et al (1992), Das et al (1994), 
Cangiarella et al (1996), and Davila et al (1998). 

Acase of mucoepidermoid carcinoma of the lacrimal gland has been reported by Das et al 
(1994). 

Malignant Lymphomas and Related Lesions 

Malignant lymphomas of the orbit became more frequent with the onset of AIDS. These are 
non-Hodgkin's lymphomas, usually of B-cell type, that have the same characteristics as 
primary malignant lymphomas, described in Chapter 31 (Ling et al, 1988; Cangiarella et al, 

1996; Laucirica and Font, 1996; Weber et al, 1996). Zeppa et al (1997) and Nassar et al (2000) 
suggested that flow cytometry and immunocytochemistry may be used on orbital aspirates 
to identify monoclonal (malignant) from polyclonal (benign) populations of lymphoid cells and 
thus separate true lymphomas from inflammatory pseudotumors (see above). An example of 
large cell lymphoma of the orbit in vitreous fluid is shown in Figure 41-11. Nassar et al (2000) 
reported three cases of primary orbital plasmacytoma. 

Sarcomas 

Embryonal rhabdomyosarcomas are observed in children. Arora and Betharia (1994) 
described the smears as composed of medium-size cancer cells without cytoplasmic 
striations. The cells were positive for neuron specific enolase and desmin. We observed an 
aspirate of a sarcoma, not further classified, involving the orbit in an 82-year-old woman with 
Paget's disease of bone. The aspirate contained a few malignant cells, insufficient to determine 
tumor type. The cytology of these tumors is discussed in Chapter 35. 

THE EYE 

As discussed above, the aspiration biopsy of the eye is a technically difficult procedure best 
performed by qualified 

R1516 

ophthalmologists. Sen et al (1999) proposed that the cell sample may be obtained by direct 
route across the eye rather than via the orbit. Usually the preliminary diagnosis of the space- 
occupying lesion is suggested on clinical grounds and the aspiration biopsy serves to confirm 
the clinical impression. The repertoire of primary eye space-occupying lesions is fairly 
limited. 
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Figure 41-7 Malignant mixed tumor (malignant tumor ex pleomorphic adenoma) of 
a lacrimal gland in a 68-year-old male. A,B. Aspirate stained with Papanicolaou (A) and 
Diff-Quik ( B ), showing large malignant cells, some in papillary configuration and some of 
cuboidal or columnar shape, suggestive of adenocarcinoma. C. Original biopsy of the 
orbital mass showing a benign pleomorphic adenoma. D. Second large biopsy disclosed 
the presence of duct-forming adenocarcinoma. 



Benign Lesions 

Case reports describing the cytology of benign processes within the eye are exceedingly rare. 
Stewart et al (1993) described the findings of an uncommon congenital abnormality of the eye 
known as Coats' disease (Chang et al, 1984). The sediment contained numerous 
“pigmented bodies” of unknown derivation and cholesterol crystals. 

Bilateral Diffuse Melanocytic Proliferation 

This unusual paraneoplastic syndrome occurs mainly in patients with gynecologic cancer 
and consists of a benign proliferation of uveal melanocytes forming nodules in the iris and 
choroid. The patients also develop cataracts and retinal detachment (Barr, 1982; recent 
summary in Chahud et al, 2001 ). Although there is no record of cytologic evaluation of these 
uncommon lesions, they may well enter into the differential diagnosis of primary ocular 
melanoma. 

Malignant Tumors 

The most common malignant tumors are retinoblastomas in children and malignant 
melanomas in adults. 

Retinoblastoma 

Retinoblastoma originates in the retina. This highly malignant tumor can be unilateral or 
bilateral and affects mainly children in the first 2 years of life. The tumor has very interesting 
implications in genetics and molecular biology of cancer. For a discussion of the 

retinoblastoma gene ( Rb gene), see Chapter 7. 
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Aspiration biopsy of a retinoblastoma yields cells and cell rosettes that cannot be 
distinguished on morphologic grounds from cells of related tumors, neuroblastomas 

(see Chap. 40) or medulloblastoma (see Chap. 27). An example of metastatic neuroblastoma 
to the orbit is shown in Figure 41-12. Several such cases were reported by Das et al (1989), 

O'Hara et al (1993), Arora and Betharia (1994), Sen et al (1999), and a case in an older child by 
Decaussin et al (1998). 

Malignant Melanoma 
Histology 

Melanomas are the most common primary intraocular malignant tumors, occurring mainly in 
adults. These tumors 

P.1517 

may originate in the uvea, choroid, iris, or ciliary body and are thus sometimes collectively 
referred to as uveal melanomas (Czerniak et al, 1983; Char et al, 1989; Koss et al, 1992; 

Shields et al, 1993). The tumors are subclassified into spindle-cell types A and B and 
epithelial type (McLean et al, 1982). The prognosis is distinctly more favorable with spindle- 
cell type melanoma type A, composed of slender tumor cells, often with nuclear folds 
(creases) along the long axis of the nucleus, and small nucleoli. The type B spindle cell 
melanoma is composed of bundles of clearly malignant spindly cells, some containing deposits 
of melanin. The epithelial type melanomas are composed of obvious malignant cells, usually 
with abundant pigment formation. 

Cytology 

The most difficult to recognize are cells of the type A spindly melanoma. The aspirates 
contain a fairly monotonous population of small, spindly cells with slender cytoplasmic 
extensions, resembling smooth muscle cells. The oval nuclei of such cells are granular, contain 
small but clearly visible nucleoli, and show prominent nuclear creases. Pigmented cells are 
relatively few (Fig. 41-8AB). In type B spindly ocular melanoma, the aspirates contain 
abundant cancer cells forming bundles. The cells are larger than in type A and have long 
fragile bipolar cytoplasmic processes. The nuclei are hyperchromatic, coarsely granular 
and provided with large nucleoli. Intranuclear cytoplasmic inclusions have been observed 
(Koss et al, 1992). 
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Figure 41-8 Melanomas of the eye. Aspiration smears and corresponding histology. A,B. 
Spindle-cell melanoma, type A The aspirate (A) shows sparse spindly cells with finely 
granular nuclei, tiny nucleoli, and nuclear creases. The corresponding tumor of the choroid 
is composed of bundles of spindly cells. C,D. Carcinomatous melanoma. The smear ( C ) is 
composed of obviously malignant mononucleated and multinucleated cells, some 
containing cytoplasmic pigment. The corresponding tumor ( D ) was a carcinomatous 
melanoma. (Both cases courtesy of Dr. Jacek Sygut, Oncology Institute, Kielce, Poland.) 



Melanoma of the epithelial type is the easiest to recognize. Large polygonal or 
approximately spherical tumor cells, usually containing abundant melanin pigment, are 
easily identified. Many of these tumors shed oddly-shaped, heavily pigmented tumor cells in 
which the nucleus cannot be visualized (Fig. 41-8C,D). Other cells, however, display 
morphologic features characteristic of malignant melanoma: cells with marked nuclear 
abnormalities, multinucleated cells, and intranuclear cytoplasmic inclusions. Bipolar 
pigmented cells and cells resembling dendrites with multiple cytoplasmic extensions 
also occur in ocular aspirates (Koss et al, 1992). The very rare paraneoplastic syndrome of 
diffuse melanocytic proliferation (see above) must be considered in the differential 
diagnosis of malignant melanoma. 

An interesting feature of ocular malignant melanoma is the propensity of these tumors to form 

delayed liver metastases, 
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sometimes 20 or more years after the removal of the primary tumor. This writer (LGK) called this 

the “syndrome of a glass eye and protuberant abdomen” (see Chap. 38). 

THE VITREOUS BODY 

From time to time, the semi-solid vitreous body may be removed by vitrectomy or aspirated to 
clarify the cause of an intraocular opacity (Green, 1984). The semisolid material is centrifuged 
and the sediment prepared as cytospins and cell blocks (Engel et al, 1982; Mandell et al, 1987). 

Lin et al (1999) divided the lesions in three groups: inflammation and infections, 
hemorrhage, and malignant tumors, mainly malignant lymphomas. In a summary of results of 



2652 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 41 - The Eyelids, Orbit, and Eye 

74 vitreous fluid specimens from 60 patients, these authors concluded that inflammatory or 
infectious processes, observed in 41 patients, are most common. Abroad array of 
microorganisms, including bacteria, fungi, and viral infections, were observed. The second 
group of diagnoses was hemorrhage, observed in 12 patients, and the third, smallest group 
was caused by malignant lymphomas (7 patients). Fibrovascular membranes, observed in 
diabetic retinopathy, and retinal fragments were reported by Mandell et al (1987). 

In the absence of inflammation or tumor, Koss et al (1992) observed that benign pigmented, 
melanin-containing cells, probably derived from the uvea, and macrophages, may be 
observed in the vitreous. Small, slender columnar cells with eosinophilic cytoplasm, 
known as hyalocytes, may also be observed (Fig. 41-9). The origin or role of the hyalocytes is 
unknown (Spencer, 1996). 

Asteroid hyalosis is a condition in which minute spherical structures, composed of calcium 
soap, may cause an opacification of the vitreous body (Spencer, 1996). Acytologic diagnosis of 
this condition was reported by Loughman and Lin (1995). Spherical bodies measuring from 30 
to 80 pm in diameter and showing central birefringent crystalline particles were observed. 

In retinal detachment, fragments of the retina may be observed (Fig. 41-10) (Koss et al, 

1992). Also, fragments of the lens in the form of crystalline material may occur ( Mandell et al, 

1987). 




Figure 41-9 Vitreous hyalocytes. Cell content of vitreous fluid aspirated because of 
intraocular opacity. Elongated small epithelial cells with eosinophilic cytoplasm (hyalocytes) 
in company of a few lymphocytes and pigmented cells. 
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Figure 41-10 Fragment of retina in vitreous fluid in retinal detachment. 



Cells derived from uveal tumors may desquamate into the vitreous. We observed several cases 
of malignant melanoma and malignant lymphoma, the latter either in the elderly or in 
patients with AIDS, easily recognizable by the morphology of the dispersed cells, and confirmed 
by immunostaining with common lymphocyte antigen (Fig. 41-11). Farkas et al (2004) 
recognized malignant lymphoma in the vitrous fluid in 9 of 13 samples. It is of note that only 3 of 
these patients had generalized lymphoma. Hence, it must be assumed that several of these 
ocular lesions represent primary occular lymphomas. The cytologic presentation of these 
tumors was discussed above and in Chapter 31 . 

METASTATIC TUMORS TO THE EYE AND ORBIT 

Ferry and Font (1974, 1976) and Font and Ferry (1976) described their observations with 
nearly 300 malignant tumors metastatic to the eye and adnexa. Surprisingly, these authors 
reported that most metastases are found in the posterior portion of the eye and 
relatively few in the anterior part of the eye or the orbit. 

In our experience, the malignant tumors to the orbit or the eye that are most 
commonly aspirated are metasta ses from other organs. Usually, the primary site of the 
tumor is known, but occasionally, it may be occult and the orbital lesion is the first manifestation 
of disease. 

In infants and children, metastatic neuroblastoma is the most common orbital tumor (Koss 
et al, 1992; Arora and Betharia, 1994). Protrusions of the eye and sometimes radiologic 
abnormalities of the skull (“sun ray” appearance of bony spicules) occur fairly often. Metastatic 
neuroblastoma is probably the most common source of clinical diagnostic errors in eye 
lesions in childhood, as they may be mistaken for lymphoblastic leukemia or even 
thalassemia major. In a case reported from our laboratories, the orbital 
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lesion in a 3.5-year-old girl was initially thought to represent acute lymphoblastic leukemia 
(Slamovits et al, 1991). Morphologically, neuroblastomas are identical to primary 
retinoblastomas of the eye globe, which can be recognized by ophthalmologic (or 
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funduscopic) examination (Arora and Betharia, 1994). Cytologically, the small tumor cells in both 
tumors form the characteristic rosettes filled with delicate neurofibrils (Fig. 41-12). Other 
small cell tumors of childhood, such as Ewing's sarcoma and embryonal rhabdosarcoma, 
may occasionally involve the orbit. 



• m 




Figure 41-11 Malignant lymphoma in vitreous fluid. The aspirate shows a monotonous 
population of dispersed atypical lymphocytes. Nuclear abnormalities are better appreciated 
in B under high magnification. 



In adults, the origins of metastatic tumors to the orbit are diverse and include every 
conceivable primary site. In our experience, mammary carcinoma is the most common 
metastatic tumor in women. The primary site can be recognized if the small “signet ring” cancer 
cells show the cytoplasmic vacuoles with a central condensation of mucus (magenta or 
target cells, see Chap. 29), characteristic of lobular carcinoma (Fig. 41-13A). In men, we have 
seen examples of metastatic lung cancer and prostatic carcinoma (Fig. 41-13B). In the latter 
case, the precise diagnosis could be established by a positive stain for prostate specific 
antigen. In Ferry and Font's experience (1974), tumors of the gastrointestinal tract origin 
are also commonly observed in the eye. A case of occult primary esophageal 
adenocarcinoma with orbital metastasis as the first manifestation of disease in a 61- 
year-old female patient, was reported from this laboratory by Cangiarella et al (1996). The 
tumor was diagnosed in washings of the vitreous (Fig. 41-13C.D). We also observed 
metastatic squamous carcinoma from the skin of the forehead and an orbital extension of a 
chondrosarcoma of the nasal cavity. Heerema and Sudilovsky (2001) reported a case of 
mucinous ovarian adenocarcinoma metastatic to the orbit. Logrono et al (1997) described a 
case of metastatic leiomyosarcoma. In our experience, orbital and eye involvement in 
leukemias and generalized malignant lymphomas is not uncommon, as confirmed by 
others (Weber et al, 1996; Nassar et al, 2000). Yakulis et al (1995) described a case of 
multiple myeloma 
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metastatic to the orbit in a young man with formation of amyloid that could be recognized in the 
aspirate. 
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Figure 41-12 Metastatic neuroblastoma. Aspirate of orbit in a 3 1/2-year-old girl with 
referral diagnosis of acute lymphoblastic leukemia. A Small, monotonous malignant cells 
surrounding spherical empty spaces, corresponding to tumor rosettes. In B, the fibrillar core 
of a rosette stains pink. Special stains disclosed the presence of neurofibrils in the center 
of the rosettes (not shown). (A: Pap stain, B: Diff-Quik.) 




Figure 41-13 Metastatic carcinomas to orbit. A Mammary lobular carcinoma in a 64- 
year-old woman. The tumor derivation and type can be easily established because of small 
cells of “signetring” configuration and condensations of mucus in the center of the large 
cytoplasmic vacuole (see Fig 29-37). B. Metastatic pulmonary adenocarcinoma in a 60- 
year-old man. The origin of the tumor could not be determined on morphology alone. C. 
Metastasis from occult adenocarcinoma of esophagus in washings of the vitreous. D. 
Esophageal tumor corresponding to C. ( C,D : Courtesy of Dr. Joan E. Cangiarella, New 
York University, New York.) 
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The Central Nervous System 

Leopold G. Koss 
Carlos A. Rodriguez 

The identification of the nature of space-occupying lesions of the brain and adjacent organs 
located within the skull took a giant step forward with the introduction of computed 
tomography (CT), which allowed precise localization and sizing, and thus better sampling, of 
space-occupying lesions in vivo. With growing experience, the benign or malignant nature of 
these lesions could be determined radiologically in most, but not all, cases. Magnetic 
resonance imaging (MRI) provides additional visual information on the nature of the lesions of 
the central nervous system (CNS) with a still higher level of accuracy. 

Cytologic techniques have been used for diagnosis of brain lesions since 1930, when 
Eisenhardt and Cushing advocated the use of touch preparations for rapid diagnosis of 
tumors. A major refinement in this regard occurred with the introduction of stereotactic CT 
machines that allowed an accurate placement of thin needles in the space-occupying lesions of 
the brain and led to the development of diagnostic aspiration techniques (Backlund, 1971). This 
approach requires only a small burr hole that usually can be performed under local anesthesia 
and, thus, is less traumatic to the patient than a craniotomy. Seliem et al (2003) reported 
successful thin-needle aspiration biopsies of brain lesions through a 5-mm burr hole. 

The issue of cytologic sampling of the lesions of the CNS with a minimum of trauma became 
even more important with the onset of AIDS because most of the lesions in these patients are 
of an infectious nature requiring conservative treatment (Cajulis et al, 1997). Still, the aspiration 
technique requires considerable manual dexterity and is, therefore, limited by the interest and 
skills of the neurosurgeons, some of whom still prefer to perform diagnostic craniotomies, 
particularly in the presence of a suspected tumor. The issue of accuracy of cytologic diagnosis 
of CNS lesions has been discussed by several groups of investigators. There appears to be a 
general agreement that the method has a specificity and sensitivity close to 90% (Barnard, 

1981; Liwniczet al, 1982; Silverman et al, 1986; Cappabianca et al, 1991; Torres and Collaco, 

1993; see also an extensive summary in Liwnicz et al, 1992). Other observers suggested 
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that a combination of cytologic preparations and frozen sections is likely to provide still 
better diagnostic results (Burger et al, 1991; DiStefano et al, 1998). Regardless of these 
considerations, most pathologists confronted with an intraoperative consultation on a brain 
lesion are likely to prepare a smear or a crush preparation of the submitted tissue sample, 
which often may be too small or fragile for a frozen section. For these reasons, cytology of the 
CNS has become of capital importance in neuropathology. This chapter offers an 
overview of principal cytologic manifestations of infectious diseases and tumors of the brain but 
cannot claim to be exhaustive, because of the extreme rarity of some lesions that have not 
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been seen by us. 

METHODS OF PROCESSING OF BRAIN SAMPLES 

The material obtained either by aspiration biopsy or by tissue sampling can be processed as 
smears or small tissue fragments (minibiopsies or cell blocks). The advantage of cell 
blocks is the option of using multiple special stains on the same sample, whereas this is much 
more difficult with smears (Liwnicz et al, 1982, 1992). 

Barnard (1981) advocated the use of 1% toluidine blue stain on wet smears as very rapid 
and adequate for most diagnostic decisions. In more recent times, popular stains such as Diff- 
Quik for rapid examination of unfixed smears or Papanicolaou stain for fixed smears have 
been used. For description of these stains and their use, see Chapter 44. 

NORMAL BRAIN 

Anatomy 

The central nervous system is a very complex structure containing a variety of normal cell 
types. It is beyond the scope of this book to describe the anatomy and histology of the brain 
and the reader is referred to the appropriate standard textbooks. For the purpose of this 
chapter, only a brief description of salient features is provided. 

The brain is a fragile organ that is protected externally by the skin and bones of the skull and 
internally by a rigid membrane, known as the dura mater and the subarachnoid space, 
limited by the pia and the arachnoid membranes, filled with cerebrospinal fluid. (For 
description and discussion of the origin and function of the cerebrospinal fluid in health and 
disease see Chap. 27.) 

The brain is composed of three parts: 

■ The cerebral hemispheres 

■ The brain stem 

■ The cerebellum 

The cerebral hemispheres, cerebellum, and the brain stem enclose a central space 
(ventricles) filled with cerebrospinal fluid. The lateral ventricles are located in the 
hemispheres, the third ventricle is located in the cerebral midline, and the fourth ventricle is 
surrounded by the brain stem and the cerebellum. The cerebellum is separated from the 
cerebral hemispheres by a fold of the dura, known as the tentorium. The pineal gland is 
found at the level of the posterior wall of the third ventricle. The pituitary gland is found on 
the lower surface of the anterior part of the brain in a cavity formed by the skull, known as sella 
turcica. For a concise and lucid summary of anatomy of the CNS, see Rosenblum, 1996. 

Cytology 

The Neurons (Ganglion Cells) 

The neurons, or ganglion cells, are the principal component of the central nervous system 
and account for brain functions. Most neurons are very large cells, measuring up to 40 pm 
in diameter, that are provided with cytoplasmic processes of various lengths. The 
numerous shorter processes, known as dendrites, provide communication among neurons by 
means of complex electrochemical signals, resulting in discharge of substances known as 
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neurotransmitters. The neurons are also provided with one long process known as axon that 
provides long distance communication with peripheral organs. The demonstration of 
cytoplasmic processes requires special stains. 

All neurons have very large nuclei (up to 18 pm in diameter) and frequently prominent, large 
nucleoli. Rough endoplasmic reticulum, known as Nissl's substance, may obscure the 
nucleus and is present in the cytoplasm of many neurons. The neurons show an enormous 
diversity of morphologic configurations (Liwnicz et al, 1992). Examples of neurons are 
shown in Figure 42-1. 

Glial Cells 

The neurons are surrounded by a supporting apparatus, the glial cells, subdivided into 
astrocytes, oligodendroglia, and ependymal cells. The dominant cells are the astrocytes, 
relatively small star-like cells, with scanty cytoplasm provided with numerous processes, 
spreading in all directions. The normal astrocytes cannot be well visualized without special 
stains but stand out in the so-called reactive gliosis, when they proliferate because of an 
injury to the brain, such as an infarct (Fig. 42-2). 

Oligodendroglias are small glial cells with scanty cytoplasm and few processes. These cells 
cannot be recognized without special stains. In tumors, the oligodendroglial cells may surround 
ganglion cells in a process known as satellitosis. Their morphology is evident in 
oligodendrogliomas (see below). 

Ependymal cells, lining the ventricular system, are small columnar or cuboidal epithelial 
cells with spherical small nuclei. The cells generally form flat sheets, wherein the cell borders 
can be readily identified (Fig. 42-2C). 

Other Cells 

Cells of the choroid plexus, responsible for the formation of the cerebrospinal fluid, were 
discussed at length in Chapter 27. These cells are morphologically similar to ependymal 
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cells (see Fig. 42-2D). Cells of meningeal and blood vessel origin may be observed in brain 
aspirates but are very difficult to identify. 
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Figure 42-1 Neurons. A,B. Pyramidal neuron from the motor cortex surrounded by small 
nuclei of astrocytes and somewhat larger nuclei of oligodendroglial cells. C. Motor neuron 
from the spinal cord. The cytoplasm is filled with Nissl substance, obscuring the nucleus. 
D. Purkinje neuron from the cerebellum. Note the distinct shape of the cell resembling an 
octopus. The neuron is surrounded by nuclei of small glial cells. 



LESIONS OF THE CENTRAL NERVOUS SYSTEM 

Virtually all patients who are referred for a diagnostic workup are symptomatic. The 
fundamental questions that must be answered on the basis of the cytologic preparation are: 

■ Is the lesion benign or malignant? 

■ If the lesion is benign, can it be treated? 

■ If the lesion is malignant, is it a primary tumor or a metastasis? 

■ Is the malignant lesion amenable to treatment? 

The task of the cytopathologist is comparatively easy if the make-up of the smear is suggestive 
of an inflammatory process or of a malignant tumor of high grade. The difficulties occur with 
marked inflammatory reaction that may mimic a malignant lymphoma and with low- 
grade astrocytomas that may mimic reactive gliosis and vice versa. The recognition of 
metastatic tumors is usually, but not always, comparatively easy, particularly if supported by 
clinical and imaging data. 

INFLAMMATORY LESIONS OF THE BRAIN 

Table 42-1 lists the principal inflammatory lesions of the brain, most of which were extremely 
rare prior to the onset of AIDS. Today, however, these lesions can be observed in many 
immunocompromised patients who have symptoms suggestive of CNS disorders (Zimmer et al, 

1992; Cajulis et al, 1997). 

Lesions Caused by Viruses 
Encephalitis 

These are diffuse diseases of the brain caused by a variety of viruses (equine, St. Louis, 

West Nile, tick-borne, human immunodeficiency virus [HIV], etc.) that do not form focal 
lesions and are, therefore, not amenable to cytologic evaluation. These diseases may cause 
changes in cerebrospinal fluid (CSF) (see Chap. 27). A particularly good account of quantitative 
and qualitative sequential changes in CSF 
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in tick-borne encephalitis was presented by Jeren and Vince (1998). The diagnosis of 
encephalitis practically never requires an aspiration biopsy of the brain. 
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Figure 42-2 Glial, ependymal and choroid plexus cells. A,B. Large glial cells in 
reactive gliosis showing multiple cytoplasmic processes. C. A cohesive cluster of small 
cuboidal ependymal cells. D. A cluster of choroid plexus cells with vacuolated cytoplasm 
and centrally located small nuclei. Note similarity to ependymal cells. (B: Phosphotungstic 
acid stain.) 



Herpes Simplex Virus, Cytomegalovirus, and Varicella-Zoster Virus 
Viral infections of the brain may form localized lesions that may require diagnostic intervention. 
Particularly important is herpesvirus and varicella-zoster infections that may cause tumor- 
like hemorrhagic necrosis of the brain. The cytologic manifestations of these disorders have 
been repeatedly described in this book (particularly in Chaps. 10, 19, and 27) and need not be 
repeated here. The recognition of the characteristic nuclear or cytoplasmic inclusion 
bodies is diagnostic of these disease processes. In many instances, the diseases can be 
diagnosed by polymerase chain reaction (PCR) of the CSF. 

Measles 

Previously extremely uncommon and observed only in children, delayed or subacute 
measles encephalitis (also described as measles inclusion body encephalitis), has 
become an important cause of CNS infection in AIDS, usually with a fatal outcome (Budka et al, 
1996). The disease may cause focal lesions and is therefore diagnosable by stereotaxic 
aspiration smears. In a few case reports, the presence of large eosinophilic nuclear 
inclusions in neurons was described (Kim et al, 1992; Poon et al, 1998). 

Multinucleated giant cells and cytoplasmic inclusions, commonly observed in acute 
measles, were not observed in the brain. 

Progressive Multifocal Leukoencephaiopathy 

This previously very rare brain disorder, caused by human polyomavirus type JC, has 
become one of the most common afflictions of the brain in immunocompromised patients 
(Cajulis et al, 1997; Greenlee, 1998). The first report of cytologic diagnosis of this disease was 
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by Suhrland et al (1987) who observed the classical basophilic intranuclear inclusion 
bodies in oligodendroglial cells (Fig. 42-3). For further description of this family of viruses and 
illustration of the cytologic effects of polyomavirus infection in the urinary tract, see Chapter 22. 

The diagnosis can be confirmed by immunostaining with an antigen to the related SV 40 virus 
or by PCR of the CSF (Silver et al, 1995; Fong et al, 1995; d'Arminio Monforte, 1997). 

Lesions Caused by Bacteria 

For the most part, these lesions are brain abscesses that may be caused by a variety of 
microorganisms. Few, if any, 
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brain abscesses are aspirated. In smears and squash preparations, pus and cell debris have 
been observed (Liwnicz et al, 1992). See also changes in spinal fluid, described in Chapter 27. 



TABLE 42-1 INFLAMMATORY PROCESSES AFFECTING THE BRAIN 

Viruses 

Encephalitis (various types) 

Herpes simplex virus 
Cytomegalovirus 
Varicella-zoster 
Measles 

Human polyomavirus 

Progressive multifocal leukoencephalopathy 
Bacteria 

Abscesses (various species) 

Mycobacterium tuberculosis 
Mycobacterium avium 
Spirochetes 

Spirochaeta pallida (syphilitic gumma) 
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Fungi 

Cryptococcus 
Candida species 
Aspergillus 
Other mycoses 
Protozoa 

Toxoplasma gondii 
Ameba histolytica 

Trypanosoma cruzi (Chagas 1 disease) 

Paragonimus westermani 
Helminths (worms) 

Strongyloides stercoral is 
Tenia solium (cysticercosis) 



Many of these disorders, previously very rare, have become very common in 
immunosuppressed patients with AIDS. 



To our knowledge, there are no recorded experiences with cytology of brain lesions caused by 

mycobacteria. 

Spirochetes 

Syphilis 

Syphilis, a sexually transmitted disease caused by Spirochaeta pallida, may cause various 
disorders of the CNS in its final, or tertiary, stage. One of these complications is a tumor-like 
granulomatous inflammation of the brain, known as gumma. To our knowledge, there are no 
published records of cytology of these lesions, which have become exceedingly rare. 

Lyme Disease 

The cytopathologic manifestations of this disease, caused by tick-transmitted spirochete, 

Borreiia burgdorferi, are discussed in Chapter 27. 

Lesions Caused by Fungi 
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The organisms affecting the brain are the same as in cerebrospinal fluid, discussed in Chapter 
27. Aspergillus and related species of fungi may cause infarcts of the brain by invasion and 
occlusion of blood vessels. Deshpande and Munschi (2000) reported a case of rhinocerebral 

mucormycosis. 




Figure 42-3 Multifocal leukoencephalopathy. The classic, large basophilic intranuclear 
inclusions in oligodendroglial cells are diagnostic of this disease. These cells are 
morphologically identical to those observed in the urinary sediment (see Chap. 23). 



Lesions Caused by Protozoa 

Toxoplasma gondii is a ubiquitous protozoan parasite that has been initially observed in small 
children whose eyes and brain are chiefly affected. With the onset of AIDS and 
immunosuppressive therapy, the cerebral form of the infection in adults has become much more 
common. In AIDS, the organism can cause fatal necrotic brain lesions. Cajulis et al (1997) 
observed that toxoplasmosis is the second most common infectious brain disorder in AIDS, after 
progressive multifocal leukoencephalopathy (see above). The organism may be observed as an 
intracytoplasmic, cyst-like structure containing a tiny form of a parasite known as 
bradyzoites or as crescent-shaped tachyzoites (nucleated form of the parasite) (Fig. 42- 
4). 

Cajulis et al (1997) pointed out that the inflammatory component in smears in toxoplasmosis 
of the brain may mimic malignant lymphoma. 

Other protozoa affecting the brain of AIDS patients, such as ameba histolytica, 
trypanosomiasis, and paragonimiasis (caused in the Far East by the parasite Paragonimus 
westermani ; see Chap. 19), to our knowledge, have not been reported as yet in cytologic 
samples. 

Helminths (Worms): Cysticercosis 

The larvae of the pork tapeworm, Taenia solium, may lodge in the brain and other organs, 
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such as the skin or muscle, and form cysts that can be identified on a CT scan. Silver et al 
(1996) described a case of cysticercosis mimicking a malignant glioma. Aspiration biopsy 
of one of the brain cysts may yield anucleated squames and sometimes hooklets from the 
scolex or the head of the larva, similar to hooklets observed in echinococcosis (see Chaps. 

19 and 38). 

P.1528 




Figure 42-4 Toxoplasmosis. A Small cyst-like structures containing in their cytoplasm 
tiny parasites known as bradyzoites. B. Crescent-shape tachyzoites, both from a cystic 
lesion of the brain in an AIDS patient. (A,B: oil immersion; Giemsa stain.) 



However, hooklets may be difficult to recognize if the smear contains a large number of 
macrophages, cell debris and, occasionally, eosinophiles. Kaw (1994) reported a case in 
which the hooklets were calcified and were mistaken for psammoma bodies. 



It must be stressed that other processes, such as brain abscesses and sometimes neoplastic 
processes, may also form cysts that usually can be differentiated from echinococcosis by 
aspiration cytology. 



PRIMARY TUMORS OF THE BRAIN 

Tumors located within the cranial cavity and colloquially referred to as “tumors of the brain,” 
represent a broad spectrum of lesions, some derived from cell components of the brain and 
others originating in adjacent organs, such as the meninges, nasal cavity, nerves, and even the 
inner ear (Liwnicz et al, 1992; DeAngelis, 2001 ). Further, many of these tumors have divergent 
natural history and prognosis; therefore, their precise recognition and classification is important 
from a therapeutic standpoint and prognostic value. Clearly, only experts in neuropathology are 
capable of precise classification of many of the uncommon brain tumors; however, practicing 
pathologists and cytopathologists may be called upon to identify some of them in the course of 
their practice. The technical aspects of tumor localization and smear preparation technique 
during intraoperative consultations were discussed in the opening pages of this chapter. In this 
narrative, the cytologic presentation and basic clinical data of the most common and most 
important neoplasms occurring within the cranial cavity will be discussed (Table 42-2). 
Knowledge of patient's age, clinical history, his or her immune status, and radiologic 
findings, are essential prerequisites for an accurate and differential diagnosis that may 
include inflammatory lesions (Waldron and Tihan, 2003). 



2675 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 42 - The Central Nervous System 

Astrocytic Tumors 

Histology 

Astrocytomas are the most common primary tumors of the CNS, which range in configuration, 
hence, in grade, from low-grade, well-differentiated tumors (tumors grade I), to highly 
malignant, poorly differentiated high-grade tumors (tumors grade IV), the latter also 
known as a glioblastoma multiforme. These tumors may be diffuse, that is, without specific 
borders, or localized, at least on radiologic and gross examination. Occasionally, these tumors 
are cystic, particularly in the cerebellum. There are several additional subtypes of the 
astrocytic tumors, such as fibrillary, pilocytic, so named because of hair-like appearance of 
their processes (from Latin, pilus = hair), and gemistocytic (from Greek, gemistos = full or 
swollen, reflecting the large body of the cell). Still less common variants include 
subependymal giant-cell astrocytoma, a tumor occurring mainly in young patients with a 
congenital genetic abnormality known as tuberous sclerosis (see below). 

Low-grade astrocytomas are composed of criss-crossing, loosely structured bundles of 
relatively uniform spindly tumor cells with pale, uniform nuclei against a background of 
fibrillary substance. The cytoplasm of the tumor cells may display processes (Fig. 42-5C). 
Gemistocytic tumors are characterized by large cells with hugely distended eosinophilic 
cytoplasm filled with glial fibers, and peripheral single or multiple nuclei (Fig. 42-6C). 

As the tumors progress in grade, the cells are more densely packed and display nuclear 
abnormalities such as variability in nuclear sizes and hyperchromasia. The apogee of the 
nuclear and cellular abnormalities is seen in astrocytoma grade IV or glioblastoma 
multiforme, which is characterized by considerable necrosis, palisading of clearly 
malignant tumor cells, mitotic activity, and formation of tumor giant cells (Fig. 42-7C). In 
smears, the cellularity and the level of nuclear abnormalities determine the grade of the 
tumors. 

With the exception of subependymomas and subependymal giant-cell astrocytomas, which are 
slowly growing tumors that require treatment only if obstructing the flow of CSF, and an 
occasional astrocytoma of low grade, confined to the cerebellum, the prognosis of 
astrocytomas, whether low or high grade and regardless of the mode of treatment, is dismal 
and the difference in grade merely indicates the duration of tumor progression to death, which 
is longer in low-grade tumors (DeAngelis, 2001). 
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TABLE 42-2 A SIMPLIFIED CLASSIFICATION OF CENTRAL NERVOUS SYSTEM 

TUMORS 

Location of Tumor and 

Prevalence in Population Subtype Grade 



Astrocytoma 


Cerebrum and cerebellum 


Protoplasmic 


l-ll 




Any age: pilocytic 


Fibrillary 


l-ll 




astrocytoma usually 1st and 








2nd decades 


Gemistocytic 


II 



2676 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 42 - The Central Nervous System 

Pilocytic I 

Subependymal I 

giant cell 

Malignant III 

(anaplastic) 

Glioblastoma Cerebral hemispheres, stem, IV 

multiforme cord 45-55 age group 

Oligodendroglioma More common in men 

Mostly frontal/parietal Typical II 

40-55 age group Malignant III 

(anaplastic) 

Ependymoma Ventricles (particularly the Myxopapillary II 

fourth), spinal cord, cerebrum (sacral) 

Malignant l-ll 

Children and adults lll-IV 

Choroid plexus Fourth ventricle and lateral I 

papilloma ventricles 

Choroid plexus First decade up to adult lll-IV 

carcinoma 

Medulloblastoma Cerebellum IV 

First decade common, young 
adults rare 

Pineal cell tumors At site of pineal l-IV 

Rare at any age 

Neurofibroma Cranial nerve root; in I 

association with von 

Recklinghausen's 

neurofibromatosis 
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Schwannoma 


Intraspinal and intracranial 




1 


(neurilemmoma) 


(acoustic neuroma) 








Adults 






Meningioma 


Intracranial and intraspinal; 
more common in females 


Various 


1 




(4:1) 


Malignant 


III 




Peak incidence 45 






Melanoma (primary) 


Rare at any age 




IV 


Lymphomas 


Cerebrum (any site); 


Primary, 


lll-IV 




meninges and nerve roots 


“microglioma,” 
“reticulum cell 
sarcoma” 






Mostly adults 






Hemangioblastoma 


Cerebellum, brain stem, cord 




1 




Adults 25-45; male 
preponderance 






Angioma (+ 


Any site 






malformations) 


Any age 






Germi noma/teratoma 


Pineal and suprasellar 
regions 




lll-IV 




Age 10-30; male 
preponderance 






Craniopharyngioma 


Suprasellar 




1 



Any age but peak 5-25 

Dermoid/epidermoid Rare at any age I 

cyst 
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Anterior pituitary 


In pituitary fossa, may extend 1 


adenoma 


to suprasellar region 




Adults 


Chordoma 


Base of skull and sacrum ll-lll 




Adults 


Cystic adenoid 


Nasopharynx; sinuses III 


carcinoma 


Adults 


(Modified from Liwnicz B, et al. The central nervous system. In Koss LG, Woyke S, 
Olszewski W (eds). Aspiration Biopsy. Cytologic Interpretation and Histologic Bases. 
New York: Igaku-Shoin, 1984, with permission.) 
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Figure 42-5 Low-grade astrocytoma. A Sparse smear containing astrocytes with fairly 
abundant cytoplasm and regular, spherical nuclei. B. Astrocytes of pilocytic type with long, 
hair-like processes. C. Histologic section of low-grade astrocytoma corresponding to A 
Note the uniformly small nuclei of the tumor cells. 
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Figure 42-6 High-grade astrocytomas. A,B. Smears containing numerous malignant 
astrocytes with large, hyperchromatic nuclei. In B, cytoplasmic processes may be 
observed. C. Gemistocytic cells characterized by plump, eosinophilic cytoplasm, distended 
with glial fibers. Note the eccentric nuclei. 
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Figure 42-7 Grade IV astrocytoma (glioblastoma multiforme). A,B. Obviously 
malignant cells forming loosely structured aggregates. In B, a giant cell may be noted. C. 
Tissue section of a glioblastoma multiforme with necrosis and giant cells. 



Cytology 

Low-Grade Astrocytomas 
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These tumors, also known as fibrillary astrocytoma, are characterized by a relatively sparse 
population of uniform spindly cells with small, clear nuclei, fairly abundant clear 
cytoplasm with multiple, relatively short cytoplasmic processes, and fibrillary background 
(see Fig. 42-5A). In the pilocytic variant, the cells show long, thin, hair-like cytoplasmic 
processes (see Fig. 42-5B). These processes are no longer visible in tumor cells in 
cerebrospinal fluid (Browne et al, 2004). 

The differential diagnosis of low-grade fibrillary astrocytoma includes reactive gliosis (see 
Fig. 42-2A.B). The presence of capillary vessels in the smears is suggestive of the 
presence of a tumor. 

High-Grade Astrocytomas 

The cellularity of the smears is much higher than in low-grade tumors. These tumors are 
readily recognized as malignant. In grade II or III astrocytomas, the nuclei are large, of 
irregular contour, and hyperchromatic, even though the fundamental structure of the 
tumor is similar to low-grade astrocytomas (see Fig. 42-6). In the gemistocytic variant, 

the cells are large because of the large cytoplasmic area distended with glial fibers. The nuclei 
are darker, often double and eccentrically located (see Fig. 42-6C). 

In astrocytoma grade IV or glioblastoma multiforme, the structure of a classic astrocytoma 
is no longer visible and the malignant nature of the tumor is beyond doubt, with many bizarre 
tumor cells of various sizes, mitoses, and tumor giant cells (see Fig. 42-7). The precise 
cytologic classification of the tumor in smears may require support of clinical and imaging data. 

The differentiation from the rare and benign subependymal giant-cell astrocytoma or a 
metastatic malignant tumor may cause diagnostic problems (see below). We have also seen 
a diagnostic error based on the presence of numerous, large atypical macrophages in a case 
of a cerebral infarct, mimicking a glioma (Fig. 42-8). Glioblastoma multiforme is one of the rare 
tumors of the CNS capable of distant metastases to other organs. 

A rare variant of this tumor is the gliosarcoma, a tumor 

P.1532 

composed of glial and sarcomatous elements (Burger et al, 2002). Parwani et al (2004) 
described the cytologic presentation of 14 such tumors. Avariety of malignant cell types, 
including tumor giant cells and sheets of spindly cells, were reported. 
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Figure 42-8 Infarct of the brain. The smear shows numerous large macrophages with 
vacuolated cytoplasm and large, dark nuclei, mimicking a malignant tumor. 



Subependymal Giant-Cell Astrocytoma 

In spite of their ominous appearance, these are rare, benign tumors, usually occurring in the 
lateral ventricles of young children with tuberous sclerosis. Tuberous sclerosis is an 
inherited congenital abnormality of the brain characterized by formation of nodules (tubers) in 
the cerebral cortex, associated with mental retardation and seizures. Sebaceous adenomas 
of the skin and angiomyolipomas of the kidney may be associated with this disease. 

Subependymal giant-cell astrocytomas are tumor-like deposits of bizarre astrocytes that 
grow slowly and may undergo calcification. These tumors do not require surgical treatment 
unless they interfere with cerebral functions. The diagnosis is usually established on clinical 
and radiologic evidence. The cytology and the differential diagnosis of three such tumors were 
described by Altermatt and Scheithauer (1992). The tumor cells were described as 
eosinophilic with eccentric, often double nuclei with prominent nucleoli. In a case seen 
by us, the features of the tumor cells were similar (Fig. 42-9A.B). The history of tuberous 
sclerosis and evidence for subependymal location on imaging are essential in the 
correct recognition of the tumor. 
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Figure 42-9 Subependymal giant-cell astrocytoma and oligodendroglioma. A. Very 
large astrocytes with eosinophilic cytoplasm and dark peripheral nuclei are characteristic of 
subependymal giant cell astrocytoma. B. Tissue section corresponding to A C. Sheets of 
monotonous, small cells with scanty clear cytoplasm surrounding the nucleus, with a halo- 
like effect, characteristic of oligodendroglioma. D. Histologic section of the corresponding 
tumor. 



Oligodendrogliomas 

These tumors are derived from small glial cells with short cytoplasmic processes and may be 
benign or malignant. Their correct recognition is of clinical value because such tumors have a 
slow clinical course and appear to respond better than other gliomas to some forms of 
chemotherapy (DeAngelis, 2001). The benign variant in smears shows sheets of 
monotonous small cells with scanty clear cytoplasm, surrounding the nucleus with a 
halo-like effect, and fibrillary background (Fig. 42-9C.D). Focal calcifications and 
capillaries may be seen. The malignant variant is characterized by nuclear abnormalities 
in the form of enlargement and hyperchromasia and evidence of mitotic activity (Liwnicz 
etal, 1992). 



Mixed Gliomas 



Virtually any combination of grades and cytologic features may occur in astrocytomas. This 
renders their precise classification in cytologic preparations extremely difficult, if not impossible. 

Gaudin et al (1997) circumvented this problem 
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by nuclear grading, which correlated well with survival in 74 patients. 



Ependymomas 



Histology 

These tumors, derived from the ependymal lining of the cerebral ventricles, occur mainly in the 
fourth ventricle and, thus, cause early hydrocephalus. The tumors may be benign or 
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malignant and may occur in children and adolescents (Helseth et al, 2001). Histologically, the 
tumors are characterized by perivascular arrangement of large, uniform columnar cells or 
pseudorosettes (Fig. 42-10C) and occasionally formation of true rosettes. In the malignant 
variant, these landmark structures can be lost. The nuclei of the cells of the benign variant are 
spherical or oral, sometimes provided with nucleoli, whereas in the malignant variant, 
obvious nuclear hyperchromasia and abnormalities of the nuclear size and contour are 
the rule. 

Cytology 

In smears, the tumor cells are of columnar or cuboidal configuration, often arranged in 
approximately circular arrangement (rosettes) (Fig. 42-1 0A,B). In the absence of rosettes, 
the presence of fairly cohesive sheets of uniform columnar cells in smears may permit 
recognition of the tumor. In the benign variant, the nuclei are oval and uniform. Kumar (1997) 
observed the presence of nuclear grooves in 15 of 21 cases of these tumors. 




Figure 42-10 Benign ependymomas. A,B. Smear of a benign ependymoma composed 
of columnar or cuboidal cells with rosette-like arrangement (arrow). C. Histologic section 
corresponding to A 



The malignant variant of ependymoma is characterized by less cohesive clusters of 
columnar or cuboidal epithelial cancer cells with abnormal, hyperchromatic nuclei (Fig. 42- 
11). The main point of differential diagnosis in such tumors is metastatic carcinoma which, 
however, usually has a different clinical and radiologic presentation. 

Myxopapillary Ependymomas 

These tumors do not occur in the brain but in the terminal portion of the spinal cord, the so- 
called filum terminale, or rarely within the dura of young patients. The histology and 
cytology of the tumor are very similar. The tumors are composed of fern-like structures and 
rosettes, formed by large, columnar tumor cells with opaque cytoplasm, surrounded by 
myxoma-like stroma. The stroma and homogeneous material found in the center of rosettes are 
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periodic acid-Schiff (PAS) and mucicarmine positive. The tumors are capable of recurrence and 
metastases. 



Initially, most reported cases of cytologic diagnosis of these tumors were in metastatic foci 
(Woyke and Czerniak, 1978; Koss et al, 1992). Primary tumor diagnoses were reported by Ng 
et al (1998), Pohar-Marinsek and Frkovic-Grazio (1998) and Ortega et al (2002). The 
recognition of the tumor is based on identifying the fern-like structures and rosettes lined 
by columnar tumor cells. A rich network of capillaries may be observed ( Fig. 42-12). 
Homogeneous stromal globules of unknown significance were observed in some cases (Ortega 
et al, 2002). 
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Figure 42-11 Malignant ependymoma. A Large cells with enlarged hyperchromatic 
nuclei with irregular contour. B. Tissue section of the corresponding tumor. 



Unusual variants of this tumor were described in the literature. Gelabert-Gonzalez et al (2001) 
described a case of two synchronous tumors in a girl age 15. Fourney et al (2004) described a 
tumor with pleomorphic giant cells. Rao et al (2002) described such a tumor in a subcutaneous 
location. Awaya et al (2003) described a case of a malignant tumor with numerous mitotic 
figures. 





Layfield (2003) reviewed 14 neoplastic lesions involving the sacrum or the perisacral region, 
diagnosed by aspiration biopsy. Only one was a myxopapillary ependymoma. Ten of the 14 
tumors were chordomas, described in Chapter 36. Layfield pointed out that, very rarely, 

myxoid chondrosarcomas or metastatic tumors of the gastrointestinal tract should be 
considered in the differential diagnosis. 



Subependymomas 

Subependymoma is a rare benign tumor, usually located under the ependyma of the lateral or 
fourth ventricles and composed of clusters of small cells of astrocytic or ependymal origin, 
embedded in a fibrillar matrix (Scheinker et al, 1945). Some of these tumors may have large, 
pleomorphic nuclei (Burger and Scheithauer, 1994). Cytology of these tumors was reported in 
crush preparations by Inayama et al (2001) and by Raisanen et al (2003). The tumors are 
characterized by cells with small, elongated nuclei and cytoplasm forming long intersecting 
processes. Variability in sizes and shapes of nuclei was observed in the case reported by 
Raisanen et al (2003). 
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Choroid Plexus Tumors 

These very rare tumors may be benign or malignant. The benign variant, also known as 
choroid plexus adenoma, shows orderly papillary cluster of cells with small nuclei 

similar to normal choroid plexus (Koss et al, 1992) (see Fig. 42-2D). Such a case, with the 
diagnosis established on aspirated ventricular fluid, was described by Buchino and Mason 
(1992) and in touch preparations by Liwnicz et al (1992) and Pai et al (2001). 

The malignant variant usually occurs in the lateral ventricles in infants and in the fourth 
ventricle in adults and carries a dismal prognosis. Some of these tumors may be 
pigmented (Boesel and Suban, 1979). Several cases of cytologic diagnosis of these tumors 
were described in cerebrospinal fluid (Kline, 1962; Bigner and Johnston, 1983; Rosenthal, 

1984), or in direct aspirates of the cystic tumor (Kim et al, 1992). Kim et al described 
papillary clusters of malignant cells and single cancer cells with lobulated nuclei, the 
latter feature not having been described before. In infants, the cytologic diagnosis can be 
established with reasonable assurance in the correct clinical setting but, in adults, it is virtually 
impossible to differentiate cells from a malignant choroid plexus tumor from a metastatic 
adenocarcinoma, in the absence of clinical and imaging data. 

Medulloblastoma 
Histology and Natural History 

This highly malignant tumor occurs mainly in children and less often in young adults. The tumor, 
occurring in the cerebellum, is the only malignant tumor of the CNS consistently capable of 
spread to the spinal canal and of systemic metastases. The tumor is considered to be a 
member of the group of “small, blue cell tumors” of childhood and is composed of sheets of 
small-to-medium size malignant cells with scanty cytoplasm that mold with each other, and 
often form rosettes, arranged around central neurofibrils (Homer-Wright rosettes) or 
pseudorosettes, when arranged around blood vessels. The tumors are most likely derived 
from primitive cells that can differentiate into neurons. The tumors resemble neuroblastomas, 
occurring primarily in the adrenal medulla and retinoblastomas, occurring in the eye (see 
Chaps. 40 and 41). Primary neuroblastomas of the brain may occasionally occur and can be 
recognized by the presence of fine neurofilaments in the center of the rosettes. 

Cytology 

The cytologic presentation of medulloblastoma in cerebrospinal fluid was discussed and 
illustrated in Chapter 27. The smears of direct aspirates of the tumor are cellular and 
composed of small- to medium-sized cells with relatively large, hyperchromatic nuclei 
and scanty cytoplasm. Nucleoli are not prominent. Arrangement of cells in long files, 

R1535 

with some level of molding of adjacent cells, is not uncommon and is reminiscent of similar cell 
arrangements in small-cell carcinoma of the lung and mammary carcinoma (see Chaps. 20 and 
29). Rosette formation is common (Fig. 42-13). The differential diagnosis of this tumor 
includes morphologically similar tumors, such as neuroblastoma, which is usually metastatic 
but may be primary in the brain (see Fig. 27-1 5C) and the exceedingly rare metastatic 
retinoblastoma (see Fig. 27-1 5D). 
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Figure 42-12 Myxopapillary ependymoma metastatic to the skin. A-D. Aspiration 
smear. A. Elongated columnar cells arranged in rosette-like structure. B. Center of the 
rosette was filled with mucicarmine-positive material (mucicarmine staining). C. Large 
cluster of cells arranged in fern-like pattern. D. Slim cylindrical cells with long cytoplasmic 
processes arranged in palisade-like structures. E. Tissue section of the subcutaneous 
nodule with myxopapillary structures. F. Higher magnification of one of the papillae 
showing myxomatous stroma surrounded by slim columnar cells. (From Woyke S, Czerniak 
B. Fine needle aspiration cytology of metastatic myxopapillary ependymoma. Acta Cytol 
22 : 312 - 315 , 1978 .) 



Midline Tumors 

This large group of tumors, of diverse origin and histologic presentation, occupy the area 
surrounding the cerebral midline (diencephalon). This term covers a variety of tumors occurring 

in the pineal, the pituitary, and the base of the skull (craniopharyngioma). The tumors 
are generally accessible to aspiration biopsy. 
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Tumors of the Pineal Region 

The tumors of the pineal region are benign or malignant pinealomas, benign dermoid 
cysts, malignant teratomas, and germinomas. Malignant pineoblastomas are composed 
of small cells, similar to cells of medulloblastoma and related tumors. 

Germinomas are highly malignant tumors that occur predominantly in adolescent boys. It is 
not known whether the germinomas are of pineal origin but they are usually observed in 
this region. Most germinomas are 
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similar to testicular seminomas or ovarian dysgerminomas, and are composed of sheets 
of epithelial cells with a lymphoid infiltrate. Some tumors may also show features of embryonal 
carcinoma. As is also the case in testicular tumors, isolated multinucleated giant cells, 
positive for human chorionic gonadotropin, and thus resembling placental trophoblasts, 
may occur in germinomas. 




Figure 42-13 Medulloblastoma in a child. A Sheet of small tumor cells with scanty 
cytoplasm and nuclei of similar sizes. Nuclear flattening on “molding” is visible at the 
bottom of the cluster. B. Similar cells forming a Homer-Wright rosette around a central 
lumen filled with neurofibrils (not visible in this photograph). C. Biopsy of the cerebellar 
tumor, morphologically similar to other “small blue cell tumors” of childhood. Rosette 
formation may be noted. 



Cytology 

Acase of pineoblastoma was illustrated by Liwnicz et al (1992) as composed of dispersed 
small cancer cells, similar to cells of medulloblastoma. The cytologic features of 
germinomas in smears resembles that of a seminoma, in which fairly large cancer cells with 
prominent nuclei and nucleoli appear in company of lymphocytes. The elevation of the 
beta subunit of human chorionic gonadotropin in the spinal fluid, in the presence of 
metastatic seminoma, was recorded (Gindhart and Tskahara, 1979). Ng (1995) described 
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aspiration smear cytology of five germinomas and, besides the customary mixture of large 
cancer cells and lymphocytes, recorded the presence of amorphous, eosinophilic material 
in the background of air-dried smears, somewhat similar to the background “tigering” that 
may be observed in seminomas (see Chap. 33). 

Pituitary Gland 

Brief Synopsis of Histology and Cytology 

The pituitary gland is composed of three parts: anterior or adenohypophysis, intermediate zone, 
and posterior or neurohypophysis. Normal anterior part of the pituitary is composed of nests of 
cells that are eosinophilic, basophilic, or chromophobes according to the staining qualities 
of their cytoplasm. These cells produce a variety of hormones ranging from growth hormone to 
ovary-stimulating hormones. 

The anterior part is the principal site of hormone-producing tumors that are, for the most 
part, benign (pituitary adenomas) but may be malignant (pituitary carcinomas). These 
lesions may be the target of cytopathologic investigations. 

The distinction between benign and malignant tumors is arbitrary because both types can 
destroy the sella turcica and adjacent bony structures of the skull. Metastases derived from 
pituitary carcinoma are rare (Kovacs and Horvath, 1983). Tumors of the anterior pituitary are 
solid or cystic, may be nonfunctional (about 30%), or secrete a broad variety of hormones, in 
keeping with the role of the anterior pituitary as the regulatory center of endocrine functions of 
the body. Of interest in the context of this book is oversecretion of prolactin that may lead to 
amenorrhea (see Chap. 8), growth hormone leading to acromegaly and adrenocortropin 
(ACTH), and leading to Cushing's syndrome. All these syndromes have been mentioned or 
discussed elsewhere in this book. The correlation of the endocrine activity with the specific cell 
type is poor with most adenomas composed predominantly of chromophobe cells, but 
acidophilic or basophilic cell components may be present or even dominant. The clinical 
diagnosis of a pituitary tumor is usually rendered on clinical and endocrine grounds. The 
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precise classification of these tumors is based on immunohistologic analysis of cell types and 
their function. 

Abnormalities of the posterior lobe of the pituitary gland are very rare, may lead to 
diabetes insipidus, and are not the target of cytologic investigation. 

Cytology 

The pituitary gland is virtually never aspirated; therefore, the knowledge of cytology of pituitary 
adenomas and carcinomas is based on touch preparations. Immunostaining for various 
hormones is essential to correlate morphology with function. 

In adenomas of the anterior pituitary, the epithelial tumor cells form cohesive sheets, often 
displaying basophilic or eosinophilic cytoplasmic staining in Papanicolaou stain, in 
keeping with the fundamental structure of the normal organ (Fig. 42-14). Formation of acini or 
of papillary structures may occur (Ng, 1998). Kontogeorgos et al (1995) analyzed in some detail 
the principal features of pituitary adenomas. The growth hormone-producing tumors were 
characterized by nuclear pleomorphism, multinucleation, and fibrous bodies. Prolactin- 
producing tumors were characterized by small-cell and nuclear size and the presence of 
microcalcifications. In the corticotrophic (ACTH secreting) adenomas, there was an 
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accumulation of hyaline material in the cytoplasm of tumor cells. Pegolo et al (1995) 
reported that nuclear pleomorphism and higher proliferation index were more likely to 
occur in smears and touch preparations of functioning pituitary adenomas, secreting growth 
hormone, prolactin, or ACTH, than in nonfunctioning adenomas. 

Craniopharyngioma 

Craniopharyngiomas are uncommon tumors located in the upper reaches of the nasal 
passages and the base of the skull. The tumors may be solid or cystic and may expand to 
compress parts of the brain. The tumors resemble the structure of the enamel organ of teeth 
and are composed of nests and cords of squamous epithelium nested in loose fibrous 
stroma. 




Figure 42-14 Anterior pituitary adenoma. A. Atouch preparation smear showing anterior 
pituitary cells with variable cytoplasmic staining. B. Cross section of a pituitary adenoma. 



These tumors are very rarely aspirated, except for the cystic form that may present a problem 
of differential diagnosis with a cystic anterior pituitary adenoma. 



The cytology of craniopharyngioma is that of clusters or sheets of differentiated squamous 
cells, often against the background of keratin debris and cholesterol crystals (Fig. 42-15). 
Similar features were reported by Mincione et al (1991) and by Smith et al (1999). 



Intracranial Cysts 

Besides the cystic form of craniopharyngioma, many primary or metastatic brain tumors and 
cysts caused by cysticercosis (see above) and primary cystic lesions may be observed within 
the brain and adjacent organs. The cysts may be derived from the ependyma, arachnoid, 
pineal gland, from a nasal vestigial organ known as Rathke's pouch, or meninges (Koss et 
al, 1992). 

There is very limited cytologic experience with primary cysts of the brain. We have observed an 
arachnoid cyst that yielded sheets of benign epithelial cells (Fig. 42-16) and a 
cholesteatoma, most likely derived from the upper nasal passages. The latter lesion was lined 
by squamous epithelium and the cytologic preparation contained clusters of small squamous 
cells against a background of debris (Fig. 42-17). Pinto (1996) observed elevated levels of 
carcinoembryonic antigen in cystic brain lesions, mainly in metastases from lung and 
gastrointestinal tract. 

Another exceptionally rare tumor that may be partially cystic is the endolymphatic sac tumor, 
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arising in the endolymphatic ducts of the inner ear. Histologically, the tumor has the 
configuration of a low-grade papillary adenocarcinoma. It may be a manifestation of the 
congenital genetic disorder, the von Hippel-Lindau syndrome, characterized by vascular 
tumors of multiple organs such as the eye and the brain (summaries in Wenig and Heffner, 

1996; Devaney et al, 2003; Choo et al, 2004). Cytology of the fluid aspirated from such a cystic 
intracranial lesion disclosed epithelial cell clusters composed of orderly cells with bland nuclei 
(Murphy et al, 2001). 
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Figure 42-15 Craniopharyngioma. A. Tight cluster of spindly cells with eosinophilic 
cytoplasm surrounded by loose fibrinous stroma. B. Histologic section of the corresponding 
tumor showing squamous epithelium and gland-like structures. 




Figure 42-16 Arachnoid cyst. A Small spindly cells, some in palisade-like arrangement, 
corresponding to the thin-walled cyst shown in B. 



2691 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



42 - The Central Nervous System 




Figure 42-17 Cholesteatoma. A Small cluster of cells with eosinophilic cytoplasm in 
proteinaceous background. B. The lining of the lesion, composed of keratinizing squamous 
epithelium. 
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Hemangioblastoma 

Another tumor that may be associated with von Hippel-Lindau syndrome is hemangioblastoma, 
a tumor composed of a network of fine capillary vessels with nests of large cells with foamy, 
clear cytoplasm. 

Commins and Hinton (1998) reported on the cytology of six such tumors and described 
cohesive sheets and clusters of large cells with minimal to moderate nuclear abnormalities 
and clear foamy cytoplasm. Nuclear grooves were observed in some cells. These authors also 
discussed the differential diagnosis of these rare tumors, which include metastatic renal 
carcinoma and, more remotely, meningiomas. Immunocytochemistry may be helpful in debatable 
cases. 

MENINGIOMAS 

Histology 

These tumors are usually derived from the dura or the arachnoid and form firm nodules of 
various sizes. Many of the small tumors are completely asymptomatic and their discovery is 
incidental. However, when they grow to substantial sizes, they may cause various 
symptoms referable to the CNS. Once the tumors spread along the dura, particularly at the 
base of the skull, they are difficult to remove and may cause the death of the patient. 
Meningiomas can also be observed in the orbit and the nasal cavity and sometimes in 
the mediastinum (see appropriate chapters). 
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Figure 42-18 Meningioma. A,B. Compact sheets of small epithelial cells, some showing 
faint intranuclear cytoplasmic inclusions. In B, a small whorl may be noted. C. A 
characteristic whorl or a pearl-like arrangement of meningothelial cells. D. Cross section of 
a meningioma. 



These tumors have a number of histologic patterns: most are meningothelial, that is, 
composed of sheets of large epithelial-type cells with clear cytoplasm, often forming whorls; 
fibroblastic, in which the cells form fascicles of elongated cells, papillary, and extremely rare 
variants, such as secretory meningioma and metaplastic meningioma (containing 
components of cartilage and fat, etc. Summary in Rosenblum, 1996). There is a significant 
question whether truly malignant meningiomas occur and, if so, whether they have a distinct 
morphologic pattern. It appears to be the consensus today that any meningioma, if strategically 
located and difficult or impossible to remove, may kill a patient after many years of slow growth. 

Cytology 

The aspirates of benign meningiomas are characterized by flat sheets of meningothelial 
cells that resemble epithelial cells with clear cytoplasm and small, spherical nuclei. 

Sometimes the cells are dispersed and there may be some variability in nuclear sizes. These 
cells tend to form whorls in which the cells are arranged in onion-like fashion, not unlike 
squamous pearls, repeatedly discussed elsewhere in this book (see Chaps. 11 and 20). 

However, the whorls do not show any evidence of keratinization and the cytoplasm of the 
component cells remains translucent (Fig. 42-18). 

R1540 

There are two other features of these tumors that are common: the presence of intranuclear 
cytoplasmic inclusions and psammoma bodies. Kobayashi (1993) and Vogelsang et al 
(1993) attempted to describe cytologic criteria of benign versus malignant meningiomas. As 
mentioned above, the existence of a truly malignant (metastasizing) meningioma is in doubt and 
no prognostic conclusions should be drawn from cytologic patterns. 
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Figure 42-19 Schwannoma. The densely packed cells form palisade-like structures 
separated by clear space (Verocay bodies, arrow). 



NERVE SHEATH TUMORS 

Tumors of nerve sheaths (neurilemomas or schwannomas) may be found in various 
locations in the skull, the most common and important being the acoustic schwannoma, 
derived from the eighth cranial nerve and often involving the angle between the portion of the 
middle brain known as the pons and the cerebellum (cerebello-pontine angle). Other tumors of 
this type may be derived from other cranial nerves as well as peripheral nerves in various 
locations, as described in other chapters. 

The histologic structure of these tumors is characteristic and has been repeatedly described in 
other chapters. The cells are arranged in palisades lining hyaline acellular bands (Verocay 
bodies). 




Figure 42-20 Malignant lymphoma. A Smear composed of dispersed small lymphoid 
cells with variable nuclear sizes. Nucleoli may be observed. B. Malignant lymphoma in 
Virchow's space. 
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The palisading is also reflected in the cytologic preparation and allows a secure diagnosis of 
these tumors (Fig. 42-19). 

MALIGNANT LYMPHOMAS 

Non-Hodgkin's lymphomas may be primary in the brain, particularly in patients with AIDS 
(Margello et al, 1990), or metastatic. The unique histologic feature of lymphoma of the brain 
is the accumulation of malignant lymphocytes in perivascular spaces (Virchow-Robin spaces). 

The cytologic presentation of malignant lymphomas of the brain is very similar to that of other 
organs (Fig. 42-20) and need not be repeated here (see Chap. 31). It is of interest that in some 
primary lymphomas of the brain, one may observe multinucleated giant cells and 
macrophages containing particles of HIV virus in electron microscopy (Mizusawa et al, 

1987). Another feature that is characteristic of primary malignant lymphomas in patients with 
AIDS is the presence of Epstein-Barr virus. Yu et al (1996) were able to identify this virus in 
smears by in situ hybridization in 1 9 of 23 cases, 1 2 of whom had immunoblastic and 1 1 large 
B-cell lymphomas. 

We have seen an example of granulocytic sarcoma, a form of chronic myelogenous 
leukemia, of the brain with numerous immature eosinophiles and Charcot-Leyden crystals (Fig. 

42-21 A). A similar case was described in Chapter 27. 

Multiple myeloma may also involve the brain, usually by extension of skull lesions. The 
plasma cells are readily recognized in smears (Fig. 42-21 B). 

METASTATIC TUMORS 

Metastatic tumors from all body sites may be observed in the brain and sometimes may be the 

first manifestation of 
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an occult primary tumor. Repeatedly, we have observed that such metastases, particularly if 
single, may be mistaken clinically and radiologically for primary tumors, such as glioblastoma 
multiforme. In fact, in some cases, the differential diagnosis between a metastasis and 
glioblastoma may be difficult (Koss et al, 1992). 
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Figure 42-21 Chloroma and multiple myeloma. A AGiemsa-stained aspiration smear 
of a chloroma involving the central nervous system. The variability of granulocyte- 
precursor cells is well documented. B. Multiple myeloma, bone of skull. The smear is 
composed of numerous plasma cells. (A highpower.) 
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Among the important sources of metastases, malignant melanoma may form brain 
metastases, sometimes many years after the removal of an inconspicuous primary 
tumor, that may have been misdiagnosed as a nevus. Bronchogenic carcinoma, mammary 
carcinoma, colonic carcinoma, and renal carcinoma are among the most common 
metastatic tumors. However, any malignant tumor may form brain metastases. We have seen 
examples of metastatic 
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tumors of the thyroid, prostate, and in a young woman, of choriocarcinoma. 




Figure 42-22 Metastatic malignant tumors to the brain. A. Malignant melanoma with 
pigmented tumor cells. B. Adenocarcinoma of lung with large, sometimes columnar cells 
with large nuclei and nucleoli. C. Metastatic colonic carcinoma with slender columnar tumor 
cells. D. Renal carcinoma. 



Occasionally, it is possible to recognize the primary origin of the metastasis in aspirated 
samples. Thus, melanin pigment identifies a metastatic melanoma (Fig. 42-22A); the large, 
columnar cells mimicking normal bronchial cells, suggest a bronchogenic adenocarcinoma 
(Fig. 42-22B); slender columnar cancer cells suggest a colonic cancer (Fig. 42-22C); cancer 
cells with abundant pale eosinophilic cytoplasm may suggest renal carcinoma (Fig. 42- 
22D). Other features that may be helpful are psammoma bodies, suggestive of ovarian or 
thyroid origin, and large tumor giant cells, aspirated from the brain of a woman in the 
reproductive age group, suggesting a choriocarcinoma. 

Many other diagnostic clues were discussed in chapters related to the cytology of individual 
tumors. 

PARANEOPLASTIC SYNDROMES 

Of special interest is the occurrence of paraneoplastic syndromes in patients with malignant 
tumors (summary in Darnell and Posner, 2003). Canexia, hypercalcemia, and Cushing's 
syndrome are the most common manifestations of these disorders which are attributed to the 
secretion of specific immunoglobulins, expressed in neurons, by the primary or metastatic 
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tumors. The reason for mentioning this entity within the context of this chapter is the frequent 
occurrence of the syndromes as the first manifestation of cancer, which is most often an oat 
cell carcinoma of lung but may also occur with cancers of the breast, colon, ovary, or 
lymphomas (Rosenblum, 1996). The cytopathologist may play a key role in the identification of 
the primary or metastatic tumors. 
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Circulating Cancer Cells 

Myron R. Melamed 

HISTORICAL OVERVIEW 

There is no doubt that cancer cells from almost any kind of malignant tumor can, and often do, 
enter into the blood stream and are, thereby, transported to distant organs where they may 
lodge and form metastases (Batson, 1940). Death from cancer in these patients is the result of 
metastatic dissemination. Visceral metastases were long known to be more common and 
patients' survival shortened when venous invasion by malignant tumors was demonstrated 
(Brown and Warren, 1938; Sunderland, 1949; Grinnell, 1950; Collier etal, 1958; Friedell and 
Parsons, 1962). Goldmann (1906) reported grossly visible venous invasion by tumor in about 
20% of 500 necropsies and microscopic invasion of veins in nearly 10% more (Fig. 43-1). Key 
references to the original 19th and early 20th century concepts of tumor cell embolization as a 
mechanism for dissemination of cancer may be found in historical reviews by Ewing (1940), 

Willis (1952), Coman (1953), West et al (1964), Griffiths and Salsbury (1963), and Watne et al 
(1966). 

The number of cancer cells within the blood stream (excluding leukemias) is infinitesimal when 
compared with the number of normal blood cells. Thus, it is extraordinary to find cancer cells in 
routine blood smears, though such cases have been reported, as the so-called 
“carcinocythemia” (Finkel and Tishkoff, 1960; Goodall et al, 1961; Rappaport, 1966; Carey et 
al, 1976; Myerowitz et al, 1977; Dannaher et al, 1979; Ejheckam et al, 1979; Krause, 1979; 

Solanki et al, 1980; Gallivan and Lokich, 1984; Irie et al, 1985; Yam and Janckila, 1987; 

Lugassy et al, 1990; Maldonado et al, 1991; Sile et al, 1999; Rodriguez-Salas et al, 2000). 

A systematic search for cancer cells in the circulating blood of cancer patients became a major 
research target in the 1950s and 1960s, as a possibly valuable predictor of disease 
progression and guide to therapy. The task of separating or concentrating these cells and 
giving them their proper identification proved to be a major technical problem, and interest in the 
research community waned over the next few years. 

During the 1990s, technical advances in immunocy-to-chemistry and molecular biology reignited 
interest in the identification of circulating cancer cells in peripheral blood. 

P.1545 

In this chapter, we summarize earlier efforts and report on the current status of these 
investigations. 
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Figure 43-1 Venous invasion by cancer is common, and occasionally there is massive 
intravascular growth. Atesticular teratoma is illustrated here, growing upward within the 
inferior vena cava. Billroth reported just such a case in 1855 as one of the first examples of 
venous invasion by cancer. (Cited by Willis RA The Spread of Tumors in the Human Body. 
St. Louis: C. V Mosby, 1952.) 



Older Studies 

The earliest recorded description of free-floating cancer cells in a specimen of blood was by 
Ashworth in 1869. He reported finding pigmented tumor cells in direct smears of postmortem 
saphenous venous blood from a 38-year-old man who died with disseminated subcutaneous 
malignant tumors, presumably a malignant melanoma. Isolated observations of a similar nature 
were subsequently reported by Schleip (1906) and Ward (1913) in cases of gastric carcinoma, 
by Marcus (1917) in finger blood from a patient with lung cancer, by Loeper and Loeste in two 
patients with sarcoma (cited by Ewing, 1940), and by Quensel (1921) in the hearts' blood from 
six of 50 cadavers with various malignant tumors. 

In 1934, Pool and Dunlop carried out the first deliberate search for cancer cells in the blood 
from living patients. Their technique was crude: 5 ml of oxalated blood was hemolyzed with 
15% acetic acid and the centrifuged sediment fixed with 10% formalin in alcohol, then 
embedded in paraffin and step-sectioned. They found “large spherical cells with hyperchromatic 
nuclei” in 17 of 40 cancer cases, but also in one patient with a benign gastric ulcer. 

In 1954, Cole, Packard, and Southwick demonstrated cancer cells in the perfusate from 
mesenteric vessels of a resected segment of colon with carcinoma. In the following year, Fisher 
and Turnbull studied 25 consecutive patients with colorectal carcinoma undergoing surgical 
resection and found tumor cells in the blood and perfusate from mesenteric veins of 8 (32%). 
They suggested that tumor cells were dislodged by operative manipulation and Turnbull et al 
(1965) subsequently reported that ligation and division of the lymphovascular pedicle, before 
manipulation of the tumor, increased 5-year survival. 
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A study of major importance was the work of Engell in 1955, who reported in great detail on the 
incidence of cancer cells in regional venous and peripheral blood. He used 2 to 5 ml of 
heparinized blood in most cases, lysed the red cells with 1% saponin, and embedded the 
remaining cellular sediment in paraffin. In serial sections stained with hematoxylin and eosin, 

Engell found cancer cells in blood draining the tumor area of 63 of 107 colorectal 
carcinomas (59%), 6 of 8 cases of gastric carcinoma, 3 of 4 cases of lung cancer, and 3 of 6 
cases of breast cancer. Peripheral blood from the cubital vein of 14 patients with advanced, 
inoperable carcinoma was examined, and cancer cells were found in 7, whereas in 70 patients 
with operable carcinoma, cancer cells were identified in only 10. Although cancer cells were 
more common in patients with more anaplastic tumors, there was no demonstrable relationship 
to the stage or to operative manipulation of the tumor. In a follow-up report 4 years later, Engell 
(1959) was unable to correlate the presence or absence of cancer cells in the peripheral blood 
with survival. 

R1546 

Engell's work marked the beginning of a period of extraordinary interest in cancer cells in the 
blood. During little more than a decade after his second report, there were many other 
publications concerned with the technical problems of preparation and cytologic interpretation, 
as well as the actual results and their clinical correlation (Pruitt et al, 1958, 1963; Reiss, 1959). 

Because accuracy of the examination and interpretation of reported results depends on the 
quality of the preparation, a brief review of the preparatory methods used at that time is 
necessary. 

Early Technical Methods 

The great variety of techniques that had been proposed for processing peripheral blood 
specimens was probably a reflection of dissatisfaction with any one of them. Most widely used 
were the methods of Seal (1956, 1959, 1964), Roberts et al (1958), Long et al (1959), and 
Malmgren et al (1958). Their common purpose was the selection or concentration of any cancer 
cells that might be present in the blood. All of the methods involved removing the red blood cells 
and as many normal leukocytes as possible, while retaining cancer cell morphology and 
quantitative reproducibility. 

Separation of the red cell mass was accomplished either by hemolysis, initially with water 
(Quensel, 1921), and later with acetic acid (Pool and Dunlop, 1934; Fisher and Fisher, 1959; 
Romsdahl etal, 1965), or by saponin (Engell, 1955; Nedelkoff et al, 1961; Ericksson, 1962). 

Enzymes, such as streptolysin-O, were used by Potter and Malmgren (1958). Sedimentation, 
usually with an accelerating factor such as fibrinogen (Buckley et al, 1950; Sandberg and 
Moore, 1957; Roberts et al, 1958), dextran (Alexander and Spriggs, 1960; deCarvalho, 1960; 
de Mello, 1963), phytohemagglutinin (Li and Osgood, 1949) or hemolymph 
heteroagglutinin (Watne et al, 1966), were also tried. 

Separation of cell types may be facilitated by differential sedimentation or centrifugation 
after suspending the blood in a solution of albumen (Fawcett et al, 1950; McGrew, 1954; 

Roberts et al, 1958), gum acacia (Spear, 1948), or silicone of specific gravity adjusted between 
that of the heavier red blood cells (1 .092-1 .097) and the lighter cancer cells and lymphocytes 
(1.056-1.065) (Seal, 1959). Polyvinylpyrrolidone (PVP) and a detergent “wetting” agent were 
often added to prevent cell clumping and to keep platelets and cellular debris in suspension 
during centrifugation. Danielsson (1961) suggested using a spiral centrifuge for separation of 
the lighter cellular elements, but this offered little practical advantage for the relatively small 
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volumes of blood usually examined. Polymorphonuclear leukocytes, which are heavier than 
lymphocytes and most cancer cells, were removed by differential centrifugation, or they were 
differentially lysed by streptolysin-O. None of these methods worked perfectly. 
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Figure 43-2 Cells of carcinoma of the breast in peripheral blood. A Group of cancer cells 
isolated from the antecubital vein during skin preparation prior to surgery. L, lymphocyte 
(arrow). Prepared by fibrinogen sedimentation, differential centrifugation over albumen and 
smearing directly on a glass slide. B. Direct smear of resected tumor from the same patient. 
(A,B: Oil immersion.) (Courtesy of Dr. E. McGrew, University of Illinois. From Cole WH, et 
al. The dissemination of cancer cells. Bull NY Acad Med 34:163-183, 1958.) 



Atechnique for removing phagocytic leukocytes was introduced by Kuper et al (1961), who 
incubated the heparinized blood with carbonyl iron of approximately 3 pm particle size, 

and then removed the iron-containing cells by stirring the solution with a magnet. Buckman et 
al (1984) later introduced immuno-rosetting to select breast cancer cells. These methods 
were revisited in recent years (see below). 

After processing the blood by any one, or several, of these methods, the final cell suspension 
was transferred to membrane filters (Seal, 1956) or centrifuged onto glass slides (Ericksson, 

1962), or simply smeared on glass slides and stained. Membrane filters were more convenient 
and more popular and had the advantage of possibly better quantitation (Fig. 43-3). Much 
better cell detail was obtained by any of these cytologic methods than by stepsections of the 
cell sediment after paraffin embedding. The choice of stain was a matter of personal 
preference. Hematoxylin and eosin or the Papanicolaou stain was commonly used with all types 
of preparations; Wright-Giemsa or other hematologic stains, and the metachromatic 
fluorochrome acridine orange (de Mello, 1963) were generally restricted to smears on glass 
slides. 

Best cell morphology was obtained by Roberts et al (1958, 
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1961) using fibrinogen sedimentation to remove red blood cells, then concentrating any cancer 
cells in the supernatant plasma by centrifuging over an albumen solution of specific gravity 
1.065. Most cancer cells collect and can be aspirated from the plasma-albumen interface, 
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washed, streaked directly on glass slides, and stained with the Papanicolaou method (Fig. 43- 
2 ). 




Figure 43-3 A,B. Clumps of cancer cells in venous blood of patients with bronchogenic 
carcinoma. Specimens on Millipore filters prepared by silicone flotation method of Seal. 
(Courtesy of Dr. S. H. Seal.) 



Direct separation of cells by size alone was undertaken using either a 10-pm pore membrane 
filter (West et al, 1964) or a 4.5- to 5-pm pore perforated plastic membrane sieve (Seal, 1964). 
The latter method gave technically good preparations, in addition to its great simplicity. A 
sample of anticoagulated blood was simply poured through the perforated plastic membrane, 
which retained the larger cells, including cancer cells. The membrane itself remained clear and 
transparent during staining and could be mounted on a glass slide. 

Initial Observations 

Recognition of Malignant Versus Benign Cells in Blood 

Because of methods used to process the blood, cellular morphology was often suboptimal and 
poorly preserved cancer cells were difficult or impossible to distinguish from large immature 
hematopoietic cells. In some impeccable preparations, conventional criteria for recognition of 
epithelial cancer cells did apply, but this was only rarely the case. Consequently, the major 
source of discrepancies in reported results was due to differences in interpretation 
and classification of certain cells that are uncommonly found in ordinary blood smears 
(Ederer et al, 1965). Criteria for the differential diagnosis of cells likely to be confused with 
cancer cells in blood, have been described in detail by Sandberg et al (1959), Alexander and 
Spriggs (1960), McGrewand associates (1960, 1962, 1965), Scheinin and Koivuniemi (1962), 
Griffiths (1965), and the Circulating Cancer Cell Cooperative (Nadel and Goldblatt, 1965). 

Megakaryocytes, endothelial cells, and immature hematopoietic cells that are rare in 
peripheral blood smears from individuals without hematologic disorders, are found 
with surprising regularity in the concentrates prepared for cancer cell studies. 

Megakaryocytes 

There are major differences in the morphology of megakaryocytes before and after passage 
through the lungs. In prepulmonic blood taken from azygos vein or vena cava draining the 



2708 / 3276 




Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 43 - Circulating Cancer Cells 

marrow rich ribs, vertebrae, or pelvis, megakaryocytes are relatively numerous and very large, 
spherical or oval, commonly measuring 50 to 100 pm or more in diameter (Melamed et al, 1962, 

1966). They have abundant, finely granular cytoplasm and a cytoplasmic membrane that is 
either sharply defined or ragged with adherent platelets. The nuclei are large and lobated, 
with well-defined chromatin structure. They contain multiple nucleoli, usually at least 
one in each lobe, but these are sometimes difficult to see in Papanicolaou stain. Within the 
nuclei, there are also multiple small areas of nuclear clearing, emphasized as characteristic 
by McGrew (1965) (Fig. 43-4). 

Megakaryoblasts are somewhat smaller than mature megakaryocytes and have much less 
cytoplasm, a large round or bilobed nucleus with more delicate chromatin, and one or several 
nucleoli. 

In postpulmonic pulmonary venous and peripheral blood, megakaryocytes are less numerous, 
sausage-shaped, and typically stripped of parts of the cytoplasm. Their nuclei are contracted or 
fragmented and usually dark-staining, though still lobated. Nuclear chromatin detail is often 
obscured (Fig. 43-5). Megakaryocytes have been described by us (Melamed et al, 1962, 1966) 
and others (Minot, 1922; Raker et al, 1960; Jackson, 1962; Hume et al, 1964) in peripheral 
blood of healthy individuals and patients with and without cancer. A megakaryocyte blood count 
is possible. Preliminary counts on normal individuals have shown marked individual variation 
without apparent hematologic abnormalities (Efrati and Rozenszagn, 1960; Melamed et al, 

1966; Hansen and Pedersen, 1978). These studies also document that megakaryocytes 
normally enter the blood circulation and that platelet production, thought to occur exclusively 
in the bone marrow, may also take place in the lung as these large cells pass through the 
narrow pulmonary capillaries. 

Myeloid, Lymphoid, and Other Blood Cells 

Some immature myeloid and lymphoid cells may be similar in size to small epithelial cancer cells 
and mistaken for them. 

P.1548 

The cytoplasmic granules in myeloid cells are indistinct with the Papanicolaou stain. Nuclei are 
rounded, reniform, or lobated. Nucleoli may be multiple and prominent, though they are rarely 
as large as those in many epithelial cancer cells. Plasma cells and their precursors may be 
recognized by the peripheral clumping of nuclear chromatin, often asymmetric positioning of the 
nucleus, and dark cytoplasmic staining with a paranuclear “hof or clearing. 
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Figure 43-4 Megakaryocyte from the prepulmonic (azygos vein) blood. The cell is large 
with abundant granular cytoplasm and has a well-preserved, multilobulated nucleus with 
areas of clearing about many chromatin granules. (Seal's Nuclepore sieve method; H&E; 
oil immersion.) (From Melamed MR, et al. The megakaryocyte blood count. Am J Med Sci 
252: 301-309, 1966.) 



Large lymphocytes, monocytes, and mononuclear macrophages may measure as much 
as 20 pm in diameter. Usually, these cells have bland-appearing nuclei and, occasionally, 
small nucleoli. Poorly preserved cells of this type, or cells without specific characteristics, may 
be difficult to identify (Fig. 43-6). They can be mistaken for small cancer cells, particularly if they 
are degenerating and hyperchromatic. Such cells probably account for most of what are 
reported as unclassified “atypical” cells (Sandberg et al, 1959; Melamed et al, 1962; Nedelkoff 
et al, 1962). 
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Figure 43-5 Megakaryocytes from post-pulmonic (antecubital vein) blood. The nuclei are 
contracted (or fragmented) and have lost most of their cytoplasm. The cell in A is elongated 
as if distorted by passage through a narrow capillary. (Seal's Nuclepore sieve method; 

H&E; oil immersion.) (From Melamed MR, et al. The megakaryocyte blood count. Am J Med 
Sci, 252:301-309, 1966.) 



Endothelial and Other Cells 

Endothelial cells can be dislodged by the needle as a specimen of blood is obtained. They may 
be present singly, in small sheets, or even as syncytia. They have delicate, transparent 
cytoplasm and regular, round or oval nuclei of 10 to 15 pm diameter with very delicate 
or finely punctate chromatin and at least one, sometimes prominent, nucleolus. It is 

worth deliberately preparing a few specimens that contain endothelial cells because their 
normal appearance is quite characteristic, though, like all other cells, there are circumstances in 
which they can become quite atypical 
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(Fig. 43-7). If necessary, their identity can be confirmed by immunostaining with Factor VIII or 
CD31. 
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Figure 43-6 Abinucleated cell from antecubital venous blood of a patient following 
mastectomy for breast carcinoma. Classification is uncertain. (Seal's Nuclepore sieve 
technique; H&E; oil immersion.) 



Epithelial (squamous) cells from the skin have been identified in blood specimens obtained 
by percutaneous venipuncture. Similarly, mesothelial cells have been found in blood samples 
obtained by transpericardial needle aspiration of the heart. These cells are morphologically 
identical to those observed in other types of preparations and should be readily recognized. 

Among other unusual cells that have been identified on rare occasion are trophoblasts 
(Douglas et al, 1959), osteoclasts (Haemmerli and Straeuli, 1963), Gaucher cells, and mast 
cells (Alexander and Spriggs, 1960). 

Significance of the Early Studies 

In early studies, the likelihood of finding cancer cells in the blood of patients known to have 
cancer was variously reported from less than 1% to as much as 96.5% (McGrew et al, 1960; 
Christopherson, 1965; Goldblattand Nadel, 1965; Griffiths, 1965; Griffiths etal, 1973; Nagy, 
1965). In our own experience at that time, principally with patients having lung and breast 
cancer, cancer cells were found in the peripheral venous blood of less than 1% of the patients. 
Some of the extraordinary differences in the published results can be attributed to technical 
differences in the method of processing, the use of peripheral versus regional venous blood, 
differences in the number and volume of samples examined, and differences in the type of 
cancer and stage of the disease. The likelihood of finding cancer cells was greater in regional 
venous blood draining the cancer site than in peripheral venous or arterial blood, greater when 
more specimens or larger volumes of blood were examined (Gurian and West, 1963), greater in 
disseminated cancer, and probably greater when tumor masses were disturbed mechanically by 
manipulation during surgery or physical examination (Jonasson, 1961; Breslow et al, 1968; 
Roger et al, 1972; Turnbull et al, 1965). It is also worth noting that specimens of blood and 
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perfusate from surgical specimens are not to be compared with blood samples drawn by 
venipuncture from the living patient. Selbach et al (1963) examined regional and inferior vena 
caval cadaveric blood from 18 patients who died of a variety of different carcinomas and found 
cancer cells in 50%. They attributed this to advanced disease rather than to any agonal or 
postmortem artifact. The study should be repeated with contemporary techniques. 




Figure 43-7 Endothelial cells from peripheral venous blood of a patient with malignant 
melanoma. There is an unusual angular irregularity of nucleoli in these cells. (Seal's 
Nuclepore sieve technique; H&E.) 



The early studies of circulating cancer cells, though of relatively limited clinical value, provided 
a foundation for subsequent investigations using the new technologies described below. They 
identified the types of cells that may be observed, in small number, in the circulating blood and 
contributed to our understanding of megakaryocytic circulation and platelet formation (see 
above). 

In retrospect, it is not surprising that the reported presence of circulating cancer cells and its 
relationship to metastasis and survival of patients with cancer was (and still is) 
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controversial. Engell (1959), in a follow-up of his earlier report, Potter and Malmgren (1958), 
and Song et al (1971), failed to demonstrate a convincing relationship between the presence or 
absence of circulating cancer cells, metastases and survival. On the other hand, Watne and 
associates (1960) did find a somewhat higher proportion of potentially curable patients among 
those who had no circulating cancer cells. Drye et al (1962) reported that the likelihood of tumor 
recurrence was greater in patients who had cancer cells in peripheral blood than in those who 
did not. 



Roberts et al (1958, 1960, 1961a, 1961b, 1962), Cole et al (1961) and Jonasson et al (1961) 
described showers of tumor cells in the blood of patients immediately following surgical 
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manipulation or trauma to their tumor and reported that those patients had a 2- to 5-year 
survival rate that was half that observed in patients without such findings during surgery. After 5 
to 10 years follow-up, survival was unrelated to the finding of cancer cells in the blood, except 
when they occurred in showers, during or after operation (Roberts et al, 1967). 
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Figure 43-8 Cancer cells from aortic blood of rats with experimental cecal tumors produced 
by implantation of Walker 256 carcinosarcoma. Aliquot portions of the blood produced 
subcutaneous tumor growth when injected in other animals. A From an animal with 
widespread metastases. B. From an animal with gross tumor only in cecum and regional 
lymph nodes. (Seal's Nuclepore sieve technique; H&E; B, oil immersion.) 



Some of the most rewarding early work came from studies of factors influencing metastases in 
experimental tumors of animals (Fig. 43-8AB). With an experimental carcinoma of the cecum in 
rats, for example, the appearance of cancer cells in the blood was related to the development 
of metastases (Agostino et al, 1959; Cliffton and Agostino, 1961 ). Manipulation of a 
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transplanted Walker 256 carcinosarcoma in the thigh of a rat was shown to cause showers of 
tumor 
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cells in the blood (Romsdahl et al, 1965). The circulation and distribution of injected cancer 
cells was followed by Griffiths and Salisbury (1963) and Hengesh et al (1962) and the viability 
of circulating cancer cells in an experimental system was demonstrated by injection of blood 
samples into other susceptible animals (Jonasson, 1958; Lee et al, 1976). 

Even in dealing with known viable cancer cells, relatively large numbers must be introduced into 
the blood circulation before survival and growth are assured. As has been shown in early 
studies, the probability of tumor “take” and growth in the experimental animal is directly related 
to the number of cells inoculated (Baserga et al, 1960; Fisher and Fisher, 1959; Overstreet and 
McDonald, 1957). Yet, the finding of tumor cells in the blood of patients with cancer, and the 
fact that some cells may pass through an autotransfusor unit, has become a potential 
contraindication to intraoperative autotransfusion in cancer patients (Yaw et al, 1975) 
and to their use as elective blood donors (see leukophoresis studies below). 

Factors affecting survival and distribution of cancer cells in the blood, and their potential 
ability to invade and proliferate, are of great interest in understanding the mechanism of blood- 
borne metastases. The early descriptions of the fate of tumor emboli by Takahashi (1915), 

Warren and Gates (1936), and later by Saphir (1947) and Baserga and Saffiotti (1955), were 
further clarified by Wood (1958) and Zeidman (1961), who carried out direct observations of the 
circulation by phase microscopy and microcinematography in living animals. They demonstrated 
that many intra-arterially injected tumor cells may lodge promptly in the arteriolocapillary bed 
and become adherent to endothelium, but many surprisingly large tumor cells became greatly 
elongated and passed through the capillary bed. Physical factors, such as capillary diameter, 
cell size, and flow rate, appeared of little importance in determining whether the cancer cells will 
lodge. Rather, it was thought that inherent characteristics of the cell itself (Fidler et al, 1977), 
derived by clonal evolution of tumor cell subpopulations (Nowell, 1976), enable the successive 
steps of invasion, detachment and embolization, lodging, and growth at selected sites that 
constitute the development of metastasis. The invading tumor cell has lost intercellular and 
substrate junctions and exhibits increased enzymatic activity at its interface with the 
extracellular matrix. Within minutes after the tumor cell lodges and adheres to capillary 
endothelium, it is enmeshed in a thrombus. This is followed by evidence of endothelial injury. 
Leukocytes accumulate and then penetrate the endothelium, leaving defects that are utilized for 
the migration of other leukocytes, as well as the cancer cells. Tumor cells are seen to reach the 
perivascular connective tissue within 3 hours (Pauli, 1983). 

Blood coagulation appears to play an essential role in the very early development of 
metastases. Cancer cells are rich in thromboplastin (Lawrence, 1952), promoting thrombus 
formation and endothelial adhesion. Heparin and fibrinolysin, which interfere with thrombus 
formation, are known to decrease the incidence of metastases in experimental animals (Cliffton 
and Grossi, 1956; Wood et al, 1957; Grossi et al, 1960; Cliffton and Agostino, 1961 ; Fisher and 
Fisher, 1961, 1964). 

CONTEMPORARY METHODS OF IDENTIFICATION OF CIRCULATING CANCER 
CELLS 

Immunocytochemist/y 

Cancer cells that detach from solid tumors and enter the blood circulation are quickly trapped in 
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capillaries of organs, such as lung and liver, and most die. Some of the cells lodge in the 
bone marrow and those that survive can accumulate in numbers far greater than the cells in 
transit in the blood. Marrow is relatively accessible for study and offers a good opportunity to 
find circulating epithelial cancer cells. But, even in well-prepared specimens examined by 
conventional cytologic techniques, it has been exceedingly difficult to identify single cancer cells 
among the great many immature marrow cells. Thus, efforts were undertaken to identify 
nonhemopoietic cells in these specimens by means of special stains. Immunocytochemical 
stains have become the method of choice. In one of the earliest applications, Herbeuval et al 
(1965) identified megakaryocytes in peripheral blood by immunofluorescent staining and 
suggested that differences in antigen expression could be a useful parameter for recognizing 
circulating cancer cells. The recent extraordinary advances in cell classification by 
immunocytochemistry, and growing numbers of highly specific polyclonal and monoclonal 
antibodies, have taken us a long way in this direction. With the introduction of sophisticated 
molecular genetics into diagnostic cytology, still more powerful tools are now available for 
detection of cancer cells that are not easily identified by morphology alone. 

Yet, while these represent major technical achievements, it is still not clear whether a 
finding of tumor cells in blood or marrow has independent prognostic importance or 
should guide therapeutic decisions (Funke and Schraut, 1998; Ghossein et al, 1999). The 
results of studies on human cancers, summarized below, are not conclusive. Whether this is 
due to limited specificities of the markers used to detect and identify the cancer cells, with 
misinterpretation of benign cells as tumor cells, or because the detected cells are nonviable, 
hibernating, or kept in check by some host defense mechanism, is still a matter of speculation. 

Immunocytochemical Techniques 

Epithelial cytokeratins are the most commonly used tissue-specific markers. They are 
a major constituent of carcinomas and are not found in the hemopoietic cells of blood or 
marrow. Other markers used in a number of studies include prostate specific antigen (PSA), 
which is found only in cells of prostatic epithelial origin; tyrosinase, which is expressed in 
melanoma, and, less commonly, carcinoembryonic antigen (CEA) and mucin antigens, 
observed in adenocarcinomas. Cells characterized by the presence of these, or a growing 
number of other tissue-specific constituents 
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and cell-surface markers, can be identified by fluorescence or enzyme-tagged 
monoclonal or polyclonal antibodies in smears of blood or marrow. Typically, this occurs 
after enriching for the tumor cells by density gradient or immunomagnetic separation. Generally, 

the maximum sensitivity of this technique detects one tumor cell among 10 5 to 10® nucleated 
cells in blood or marrow (Osborne et al, 1991). 

Double Labeling 

By labeling breast cancer cells with both EMA (epithelial membrane antigen) and an antibody 
to estrogen receptor (ER), Berger et al (1987) were able to distinguish ER-positive and ER- 
negative tumor cells. They established, in principle, the possibility of identifying and 
characterizing circulating cancer cells immunocytochemically in ways that might predict 
their potential to form metastases and/or respond to therapies. 

Immunomagnetic Cell Selection 
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This is a recently proposed technique to enrich for epithelial tumor cells in blood or marrow. It 
relies on lineage-specific cell markers to separate out the tumor cells (see below). Antigens, 
known to be on the tumor cells, and not present in blood or marrow cells, are labeled with 
antibody conjugated to magnetic microbeads. Labeled cells are separated from unlabeled 
cells in a magnetic field, usually by passing the cell suspension through a magnetic gradient 
column or using a magnet to retain the labeled cells in a pellet, while decanting the supernatant 
(Hardingham et al, 1993; Berois et al, 1997; Eaton et al, 1997; Martin et al, 1998; Naume et al, 

1998; Racila et al, 1998; Witzig et al, 2002). Rye et al (1997) refined the procedure further by 
sieving through a 20 pm nylon filter that retained the larger clusters of beads with adherent cells 
and allowed unbound beads and free cells to pass through. Estimates of 5- to 25-fold 

enrichment were reported and sensitivity was sufficient to detect one tumor cell in 10® to 10® 
nucleated cells. In an interesting modification of the technique, Naume et al (1998) used CD45 
(leukocyte common antigen) coated beads to enrich for tumor cells by depleting the samples of 
leukocytes. 

Reverse Transcriptase-Polymerase Chain Reaction 

One of the strategies currently proposed for detection of circulating cancer cells in blood or 
bone marrow makes use of the polymerase chain reaction (PCR) to amplify line-age-specific 
nucleic acid of the target cells. Tumor cell-specific DNA sequences have been identified in 
hemopoietic neoplasms but, except for Ewing's sarcoma/PNET (see below), they have a 
limited role in identifying circulating cells of solid tumors. 

Malignant cells generally continue to express the protein markers of their tissue of origin 
(lineage markers), which can be identified by immunocytochemistry as described above, but 
also by the presence of messenger RNA (mRNA) for those proteins. For details of these 
observations and technical principles, see Chapter 3. The reverse transcriptase procedure (RT- 
PCR) consists of two steps: first, mRNA extracted from the cells is incubated with appropriate 
primers and the enzyme reverse transcriptase (RT), which transcribes the mRNA back into a 
complementary DNA(cDNA). Then, using the PCR, the cDNAis amplified and its identity 
confirmed by gel electrophoresis (Southern blotting). RNA is unstable in an extracellular 
environment so, in general, its presence confirms the presence of intact cells. Reported 

sensitivities are in the range of one tumor cell in 10® to 10 7 nucleated cells of blood or marrow 
(see Raj et al, 1998 for a review). In experimental systems, immunomagnetic enrichment 

followed by RT-PCR was reported by Zhong et al (2000) to detect one tumor cell in 10 7 to 10® 
mononuclear cells, and by de Cremoux et al (2000) to detect one tumor cell in 5 ml blood. On 
the other hand, de Cremoux et al found clinical samples positive by RT-PCR in 3 of 28 
patients with benign breast disease. 

It is important to emphasize that the method does not depend on identifying a cancer 
specific gene, but can be applied to any cancer for which a tissue specific (or lineage) 
gene is identified. This, though, is restricted to tissue samples that do not contain cells 
normally expressing that gene. The extreme sensitivity of the PCR technique is its most 
important advantage and also its greatest disadvantage. False-positive reactions can result 
from contamination, or from amplification of the designated gene, which may be present, though 
expressed to a very limited extent, in other cells (illegitimate transcription). Finally, there is 
increasing evidence that nucleic acid fragments and specific cellular antigens, released 
from tumor cells, can be found in blood plasma in the absence of intact tumor cells (Wang et al, 

2003; Ohno et al, 2003). 
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Fluorescent In Situ Hybridization 

In a feasibility study, Muller et al (1996) used anti -cytoke rati n antibody labeling to identify 
breast cancer cells in the marrow together with fluorescence in situ hybridization 
(FISH) for detection of numerical changes of chromosome 17. Multiple hybridization 
signals were observed in cell clusters. A specific probe to HER2/neu gave amplification signals 
in two of eight breast cancers but none in prostatic cancers used as controls. Soria et al (1999) 
investigated the value of telomerase as a marker for breast cancer cells (see below). 

APPLICATIONS TO HUMAN TUMORS 

Breast Cancer 
Immunocytochemistry 

Carcinoma of the breast has been one of the most intensively studied human cancers. In the 
many reports of immunofluorescence or immunocytochemical staining with various monoclonal 
and polyclonal antibodies to tissue-specific antigens, primarily cytokeratins, tumor cells were 
said to be present in blood or marrow of from 10% to 45% of 
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patients at the time of diagnosis. They were considered to have significant prognostic 
importance by some investigators (Diel et al, 1992, 1996; Harbeck et al, 1994; Braun et al, 

2000; Lyda et al, 2000; Gebauer et al, 2001), but of no independent prognostic significance by 
others (Schlimok et al, 1987; Berger et al, 1988; Ellis et al, 1989; Kirk et al, 1990; Salvadori et 
al, 1990; Singletary et al, 1991). The following reports are illustrative. 

Selected Studies Showing Prognostic Significance 

Dearnaley (1981 , 1983) and Redding (1983) and their associates were the first to use 
immunocytochemistry to detect micrometastatic cells in aspirates of bone marrow by staining for 
epithelial membrane antigen (EMA). In a subsequent long term follow-up study, Dearnaley et 
al (1991) reported that 11 of the 13 women who had EMA-positive cells in the marrow later 
developed clinically evident metastatic disease, whereas only 8 of 26 with negative marrow 
developed metastases. In another report from the same group, Coombes et al (1986) found 
cancer cells in the bone marrow of 60 of 269 patients at the time of diagnosis. Nineteen (32%) 
of those with tumor cells in the marrow relapsed after a median interval of 22 months, 
compared with 17% of patients without detected tumor cells. 
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Figure 43-9 Bone marrow aspirate from a patient with stage I breast carcinoma, 
demonstrating cells recovered from the interface layer of a Ficoll-Hypaque density gradient 
and reactive with fluoresceinated antibody to epithelial cytokeratins and cell membrane 
antigen. A cluster of four cells of breast cancer photographed by phase microscopy (A), 
and the same field photographed by fluorescence microscopy (B). Another field showing 
three nucleated single cells by phase microscopy ( C ), and one of those cells (a breast 
cancer cell) exhibiting fluorescence by fluorescence microscopy ( D ). The arrows ( C ) point 
to two nucleated hemopoietic cells that do not fluoresce. (Reprinted with permission from 
Cote et al. Am J Surg Pathol 12:333-340, 1988.) 



Cote et al (1988) and Porro et al (1988), using monoclonal antibodies to cell membrane 
and/or cytoskeletal antigens, found immunoreactive tumor cells in the bone marrow of from 
17% to 27% of patients with node negative breast cancer. The number of tumor cells increased 
in more advanced tumors (Fig. 43-9). In a follow-up report, Cote et al (1991) found that the 
presence of tumor cells in the marrow at diagnosis was significantly associated with 
early recurrence. 

Witzig et al (2002) enriched for tumor cells in lysed 
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peripheral blood by immunomagnetic separation with anti-epithelial antibody-coated 
magnetic beads. They then stained with a cocktail of anti -cytoke rati n antibodies and found 
tumor cells in 2 of 25 patients with node-positive cancer, none in 25 node-negative cancers, 
and 19 of 25 patients with metastatic carcinoma. Beitsch and Clifford (2000), who also used 
immunomagnetic separation to concentrate tumor cells, reported an 8-fold increase in the 
number of tumor cells from advanced, compared with early, tumors. Interestingly, they found a 
small number of contaminating squamous cells, confirmed morphologically (see “false positive” 



2719/3276 





Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 43 - Circulating Cancer Cells 

below). 

In one of the largest prospective studies with 6.5 years follow-up of patients with breast cancer, 
Solomayer et al (2001) reported finding cancer cells in bone marrow aspirates of 43% of 727 
patients. The tumor cells were identified by immunostaining with a monoclonal anti-mucin 
antibody. They concluded that cytochemically detected tumor cells in the marrow had 
independent prognostic significance. Naume et al (2001) reported another large study in 
which bone marrow aspirates from 920 women with primary breast carcinoma were enriched for 
tumor cells by density separation of mononuclear cells, and monocytes removed with CD45 
conjugated immunomagnetic microspheres. They identified cytokeratin positive tumor cells in 
approximately 10% of node-negative and approximately 20% of node-positive patients. Janni et 
al (2001) suggested that bone marrow studies for tumor cells in patients with breast cancer be 
included as part of their follow-up examinations. They had shown that survival of patients with 
known distant metastases was significantly shorter for those with many cytokeratin-positive 
cells in marrow, compared with patients who had few or no such cells. They then compared 
marrow aspirates at the time of primary diagnosis with marrow examined after a median interval 
of 19 months. Of 89 patients in their report, 24 presented with tumor cells in the marrow at the 
time of primary diagnosis, 10 of the 24 had persistent tumor cells at follow-up, and 15 who were 
initially negative, became positive in the follow-up specimen. Those who were persistently 
negative had significantly better survival than patients with tumor cells in the follow-up 
specimen. The latest study by Cristofanilli et al (2004) used a semi-automated fluorescent- 
based microscopy system (Cell Spotter Analyzer manufactured by Veridex) to detect 
cytokeratin-labeled circulating cancer cells in 177 women with metastatic mammary carcinoma. 

The presence of 5 or more cancer cells in a 7.5 ml sample of peripheral blood indicated poor 
response to therapy and significantly lower survival. In an accompanying editorial, Braun and 
Marth (2004) cautioned against the adoption of these results as a guide to treatment without 
further studies. 

Selected Studies Showing No Prognostic Significance 

Using anti-EMA antibody, Mansi et al (1991, 1999) screened multiple bone marrow aspirates 
taken at the initial surgery of 350 patients with breast cancer and found tumor cells in 89 (25%). 

After follow-up periods of 8 years (1991) and 12.5 years (1999), they reported 10-year relapse- 
free and overall survival of 44% and 45%, respectively, for patients with detected tumor cells, 
compared to 63% and 65%, respectively, for patients without detected tumor cells. But, when 
corrected for tumor size, lymph node status, and vascular invasion, there was no 
significant difference. 

Molino et al (1997) used a pool of tumor-associated monoclonal antibodies to identify tumor 
cells in the marrow of 34 of 109 patients with stages l-ll breast cancer and also concluded that 

the presence of tumor cells carried no independent prognostic significance. 

Effect of Therapeutic Interventions 

As already noted, there were early reports that tumor cells were released by manipulation 
at the time of surgery. Choy and McCulloch (1996) reviewed this issue and reported finding 
cytokeratin-positive tumor cells in the effluent blood from breast carcinomas of 6 of 18 patients 
during surgery. Tumor cells were found in only 1 patient preoperatively and in none 
postoperatively. They reported a strong correlation between vascular density and the 
probability of tumor shedding into the venous circulation during surgery (McCullogh et al, 1995). 

Molino et al (1997) and Krag et al (1999) confirmed that the presence and number of tumor 
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cells in peripheral blood of patients rapidly declined over the next few hours and weeks 
following surgery. 

The question whether tumor cells are released by cytokine infusion (granulocyte colony 
stimulating factor; stem cell factor, etc.), which may be given prior to high-dose chemotherapy, 
was investigated by Franklin et al (1999). They identified tumor cells in marrow, peripheral 
blood, or leukophoresis specimens by immunocytochemistry in 21 of 203 patients with breast 
carcinoma in stages II to IV demonstrated no increase following cytokine infusion. 

Peripheral blood specimens were reported by Lin et al (2000) to contain cytokeratin-positive 
tumor cells in RT-PCR preparations from patients with nasopharyngeal cancer undergoing 
irradiation. Whether this finding had any significance was previously questioned in a report by 
Cooper et al (1998) who found tumor cells in the infusions of bone marrow or peripheral blood 
progenitor cell samples given to 23 of 57 women undergoing high-dose chemotherapy. They 
found no difference in the subsequent clinical course of those who received infusions 
with, or without, detectable tumor cells. 

Molecular Markers 

Datta et al (1994) used an RT-PCR assay for cytokeratin 19 (CK-19) to identify tumor cells 
in peripheral blood and bone marrow of 34 women with breast cancer. They were able to 
identify tumor cells in peripheral blood of 4 of 19 stage IV patients. They found tumor cells in 
the bone marrow of 5 of 6 patients who were treated with ablative chemotherapy, followed by 
autologous bone marrow transplantation (the stem cell apheresis harvests were free of tumor 
cells). Interestingly, 1 of 39 control patients (with chronic myelogenous leukemia) had a false- 
positive reaction. Kruger et al (1996) reported CK-19 message detected in 14 of 26 blood 
samples and 14 of 24 marrow samples of breast cancer patients. Moscinski et al (1996) 
modified 
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the technique to increase sensitivity and found histologically negative bone marrow to be 
positive for molecular markers in 14 of 30 patients, with false-positive reactions in marrow from 
2 patients with chronic myelogenous leukemia. Fields et al (1996) used the same technique and 
found occult tumor cells in 52% to 82% of high-risk patients, expanding with increasing stage. 

The probability of relapse, after high-dose chemotherapy and autologous marrow 
transplant, for patients with stage IV cancer, was 14% in the group with no occult tumor 
cells and 94% for those who had cancer cells. 

Schoenfeld et al (1997) compared RT-PCR with immunocytochemical stains for cytokeratin 19 
(CK-19) in blood and bone marrow of 78 breast cancer patients who had no evidence of distant 
metastases. They identified CK-1 9-positive cells in peripheral blood of 5% and in marrow of 
22% of patients by immunocytochemistry, and in 25% and 35%, respectively, by RT-PCR. 

Soria et al (1999) took advantage of the fact that cancer cells express telomerase, whereas 
benign epithelial cells do not, and used telomerase activity as a marker for detection of cancer 
cells in the peripheral blood of patients with breast cancer. They found telomerase activity in 
the cells separated on immunomagnetic beads, coated with an epithelial specific antibody, from 
blood samples of 21 of 25 patients with stage IV breast carcinoma. Telomerase was 
undetectable in normal volunteers. 

At the time of this writing (2004), there is considerable evidence that tumor cells are 
released into the circulating blood, are present in marrow of a substantial number of 
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patients with breast cancer, and can be found with increasing frequency in more 
advanced disease. There is no agreement, however, on an optimal methodology for 
detection of these cells and still no consensus on their prognostic significance. 

Malignant Melanoma 

There are few studies of malignant melanoma cells detected by cytologic examination of the 
blood. Mehta and Riddel (1965) reported finding melanoma cells in the peripheral blood of 4 of 
12 patients with surgically “curable” melanoma and 6 of 10 patients with known metastases. Of 
17 who were treated by isolated limb perfusion with chemotherapy, tumor cells were found in 
the perfusate from 12. 

Smith et al (1991) were the first to use RT-PCR to detect small numbers of tumor cells in 
peripheral blood by expression of messenger RNAfor the enzyme tyrosinase, a gene actively 
transcribed only in melanocytic cells. The technique was extremely sensitive. It was possible to 
detect a single cultured melanoma cell that had been added to 2 ml of blood. In a preliminary 
clinical study, Smith et al (1991) obtained positive reactions in 4 of 7 patients with malignant 
melanoma, but not in healthy subjects or patients with other cancers. 

Battayani et al (1995) used RT-PCR of mRNAfor tyrosinase to study the peripheral blood of 
193 patients, with and without disseminated melanoma, and concluded that the presence of 
circulating melanocytes predicted rapid relapse and progression of disease. Mellado et al 
(1996) used the same technique in a prospective study of 91 patients and found a statistically 
significant association with stage of disease. Circulating melanoma cells were detected in 36% 
of localized stage I and II melanomas, and in 94% of patients with known metastases. Ghossein 
et al (1998) found tyrosinase mRNAin peripheral blood of 9 of 73 patients with malignant 
melanoma and in bone marrow of 18 of 109 patients. All control patients were negative. A 
positive reaction correlated inversely with overall survival, although it did not correlate with 
stage of the primary melanoma. Kunter et al (1996) also viewed RT-PCR of tyrosinase mRNA 
as a useful prognostic marker. 

Foss et al (1995) failed to detect any circulating melanoma cells by RT-PCR in 36 patients with 
ocular uveal melanomas or in 6 patients with advanced cutaneous melanomas. The unique 
situation of ocular melanomas may explain those negative results (see Chap. 41). Curry et al 
(1998) described a prospective RT-PCR study of tyrosinase and melanoma antigen (MART-1) 
expression in 276 treated patients in whom a positive test successfully predicted recurrence in 
two-thirds of patients within 18 months, but was positive in one-third of the patients who did not 
have recurrences by that time. 

Hoon et al (1995) increased sensitivity by using a combination of four melanoma-associated 
gene markers in a PCR assay, but at the expense of a small number of false-positive reactions. 

Pittman et al (1996) favored a single round of RT-PCR, instead of nested RT-PCR, to reduce 
effects of contamination and reported detecting tumor cells in 3 of 24 patients. 

In most studies, the assays were carried out on extracts of nucleated cells but Kopreski et al 
(1999) found amplifiable tyrosinase mRNA in serum of 4 of 6 patients with melanoma. 

Whether this was due to circulating tumor cells or to a soluble product of the primary tumor is 
not certain. 

Control subjects with melanosis, deeply melanotic skin, melanotic reaction to the sun, 
etc., have yet to be studied in sufficient number and at this time, it is still too early to 
confirm the clinical value of these observations (Goodall et al, 1963; Buzaid and Balch, 
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Prostatic Carcinoma 
Immunocytochemistry 

In a study undertaken some years ago by Bretton et al (1994) in our laboratory using a panel 
of three monoclonal antibodies to epithelial membrane and cytoskeletal antigens, 2 of 
9 patients with localized prostatic carcinoma and 4 of 11 with known metastatic tumor had tumor 
cells identified in bone marrow aspirates (Fig. 43-10). The number of antigen-positive cells 
correlated with stage of disease and, in patients with localized tumor, their presence 
correlated with PSA level. Weckermann et al (1999, 2001) studied 82 consecutive patients 
who had bone marrow aspirates with pancytokeratin antibody, at the time of radical 
prostatectomy. After 4 years of follow-up, the patients with positive cells in the marrow had 
shortened relapse-free survival. The presence of tumor cells in the marrow was felt to 

P.1556 

be an independent risk parameter, unrelated to established factors. 




Figure 43-10 Cancer cells identified in bone marrow of a patient with prostatic carcinoma. 
A Cancer cells identified by immunofluorescence with a cocktail of three epithelial 
antibodies. B-D. Cells interpreted as cancer in a Papanicolaou stain of the same specimen 
are poorly preserved but have hyperchromatic nuclei and are somewhat larger than the 
leukocytes present. (Courtesy of Dr. Richard Cote.) 



Mansi et al (1988) used a mixture of antisera to epithelial and prostatic antigens and found 
tumor cells in the marrow of 11 of 15 patients with known metastatic disease and later (1999) in 
21 of 36 patients with stage C carcinoma. After androgen depletion therapy, 16 initially 
positive patients became negative. Pantel et al (1997) identified from 1 to 38 cytokeratin- 18- 

positive cells in samples of 2 * 10® nucleated marrow cells from 21 of 36 patients with stage C 
prostatic carcinoma. After androgen deprivation therapy, 16 of the 21 patients had no 
tumor cells identified in the marrow and in 4 others there was a reduction in the 
number of cells. 
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Molecular Markers 

Most investigators have used mRNA for PSA as a marker of prostatic epithelial cells in the 

search for circulating cancer cells. In one of the earliest studies by this technique, Seiden et al 
(1994) found 5 of 65 men with clinically localized, untreated prostatic carcinoma who had 
evidence of cancer cells in peripheral blood. Surprisingly, in 7 other patients with newly 
diagnosed metastatic carcinoma, the test for circulating tumor cells was negative. 

Ghossein et al (1995) examined the peripheral blood of 107 men with prostatic carcinoma and 
detected PSA mRNA in 4 of 25 patients with localized carcinoma (T1-2), 3 of 10 with more 
advanced carcinoma (T3-4, N+), and 25 of 72 with distant metastases. Using the same 
technique, Corey et al (1997) found positive marrow in 71% of patients undergoing radical 
prostatectomy and positive peripheral blood in 19% (with a somewhat higher percentage in the 
more advanced-stage patients). Moreno et al (1992) reported detecting PSA mRNA in venous 
blood of 4 of 12 patients with prostatic carcinoma. 

Israeli et al (1994) compared RT-PCR for prostate specific membrane antigen (PSM), which 
was positive in 48 of 77 patients with prostate cancer, to RT-PCR for PSA which was positive in 
only 7 of the same patients. They concluded that the more sensitive parameter was still highly 
specific, but it waits confirmation by others. 

Sokoloff et al (1996) tried to measure tumor burden by quantifying mRNA for PSA and prostate 
specific membrane antigen in peripheral blood using a quantitative RT-PCR reaction. They 
examined specimens from 121 patients and found circulating PSA-producing cells in 29 of 33 
patients with metastatic prostatic carcinoma. Also, positive reactions were found in 30 of 51 
patients with pT 1-2 tumors, and 
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13 of 18 pT3 tumors. Given the high number of positive reactions in patients with pathologically 
confirmed localized tumor, they felt that the PCR technique offered no benefit for 
preoperative staging. Whether it has prognostic significance remains to be seen. 

Using RT-PCR for PSA Wood et al (1994) found tumor cells in 29 of 55 patients with prostatic 
carcinoma, whereas immunocytochemical stains for PSA were positive in 19 of the 24 RT-PCR 
positive cases in whom the test could be done. Several years later, Wood et al (1997) reported 
follow-up data on 86 patients who had clinically localized prostatic carcinoma when treated by 
radical prostatectomy. Two of 47 patients with negative RT-PCR for PSAand 10 of 39 who 
were positive at the time of surgery had recurrent tumor but, after controlling for serum PSA 
levels, RT-PCR was not significant in predicting disease-free survival. 

Germ Cell Tumors and Ovarian Carcinoma 

Fan et al (1998) examined cells derived from blood and separated by a process known as 
apheresis from 28 male patients with germ cell tumors using PCR with primers for Beta 
human chorionic gonadotropin (hCG). In 7 of 20 patients who had Beta hCG-secreting 
tumors, the PCR for hCG was positive. Patients whose tumors did not secrete Beta hCG and 
patients with non-germ-cell tumors were PCR negative. They concluded that the finding of Beta 
hCG mRNA by PCR strongly suggested the presence of circulating tumor cells in patients with 
germ cell tumors. 

Hildebrandt et al (1998) compared immunocytochemical staining for cytokeratin with RT-PCR 
for germ cell alkaline phosphatase in 20 patients with germ cell tumors. They identified tumor 
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cells in peripheral blood of 3 patients by immunocytochemistry, compared to 7 patients by RT- 
PCR. Using these techniques, they later found tumor cells in harvests of peripheral blood 
progenitors from 16 of 57 patients (Hildebrandt et al, 2000). 

There have been very few studies of ovarian carcinoma. Braun et al (2001) found 
cytokeratin-positive tumor cells in the marrow of 32 of 108 patients with stages l-lll ovarian 
carcinoma. Their presence was associated with a high probability of distant metastases 
and death. Double immunocytochemical staining for erbB2 overexpression of cytokeratin- 
positive cells in the marrow predicted greater risk of relapse and death for erbB2-positive, 
compared to erbB2-negative, tumor cells. 

Neuroblastoma 

In an early study of bone marrow from neuroblastoma patients, Moss et al (1991) used a 
mixture of immunoperoxidase-labeled monoclonal antibodies to neural and neuroblastoma 
antigens to stain the tumor cells and identified them in 67% of 197 newly diagnosed patients, 
compared to 46% by conventional cytologic examinations. Tumor cells were detected by 
immunocytology in 34% of patients otherwise considered to have localized or regional disease. 

For patients older than 1 year, the presence of occult tumor cells in marrow was a significant 
predictor of poor outcome. 

Mattano et al (1992) were among the first to report identifying neuroblastoma tumor cells in 
peripheral blood by RT-PCR. They were able to detect a neuroendocrine protein gene 
product in 8 of 18 patients. Miyajima et al (1995) used RT-PCR to amplify the mRNAfor 
tyrosine hydroxylase, the first enzyme in catecholamine synthesis, which they found in 
peripheral blood specimens of 8 of 14 patients, and in bone marrow of 18 patients, including 6 
without cytologic evidence of tumor cells in the bone marrow. The RT-PCR assay for tyrosine 
hydroxylase mRNAwas used in combination with anti-ganglioside GD2 
immunocytochemical stain by Lode et al (1997), who identified neuroblastoma cells within the 
CD34+ stem cell population obtained from peripheral blood of 17 neuroblastoma patients. They 
found greater numbers of tumor cells in patients with stage IV disease. 

Ewing's Sarcoma 

Ewing's sarcoma is the only solid tumor for which there is a tumor-specific DNA marker. The 
tumor is known to carry a specific transcript resulting from fusion of the EWS gene on 
chromosome 22 to either of two protooncogenes, FLI-1 on chromosome 11 or ERG on 
chromosome 21 (see Chap. 36). Using RT-PCR to detect these chimeric transcripts, Peter 
et al (1995) and Pfleiderer et al (1995) identified Ewing sarcoma cells in bone marrow of as 
many as a third of their patients, and in peripheral blood of 5% to 20%. West et al (1997) 
reported positive bone marrow in 3 of 16 and positive peripheral blood in 3 of 10 newly 
diagnosed patients. Among patients with metastatic or relapsed tumor, 6 of 12 had positive 
marrow or peripheral blood. Zoubek et al (1998) found tumor cells in the marrow of 7 of 23 
patients with clinically localized tumor at diagnosis and in 9 of 12 with metastases, including all 
with bone metastases. 

Carcinomas of the Gastrointestinal Tract 

Immunocytochemistry 

Esophageal Carcinoma 
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Using an immunocytochemical stain for cytokeratins 8, 18 and 19, Thorban et al (1996) 
reported finding cytokeratin-positive squamous cancer cells in iliac bone marrow from 37 of 90 
patients with carcinoma of the esophagus. Of the 42 patients who had resectable tumors, 19 
had tumor cells in marrow and 15 relapsed, whereas only 3 of 23 who did not have tumor cells 
relapsed in the same time period. 

Gastric and Colorectal Carcinoma 

Using an anticytokeratin immunocytochemical stain, Schlimok et al (1990, 1991) found tumor 
cells at the time of surgery in the marrow of 34 of 97 patients with gastric carcinoma (1991) and 
42 of 156 patients with colonic carcinoma. Confirming the latter findings, Lindemann et al 
(1992) reported immunocytokeratin-positive tumor cells in the marrow of 28 of 88 patients with 
radically resected colorectal carcinoma. The patients with immunopositive 

P.1558 

cells in the marrow had a significantly shortened time to relapse. Bone is not a preferred site of 
metastasis for colonic carcinoma but the authors felt that the presence of tumor cells in marrow 
indicated wider dissemination than generally thought. 

Flatmark et al (2002) suggested enriching for tumor cells in bone marrow of patients with 
colorectal carcinoma by incubating the gradient-separated mononuclear cells with magnetic 
4.5 pm beads, coated by an anti-epithelial antibody (similar to a procedure used by Naume, 

1998, cited above), and retaining them with a strong magnet, while unbound cells are decanted. 

They found bead-rosetted tumor cells in 46 of 275 colorectal cancer patients, with false-positive 
findings in 3 of 206 control individuals. 

Molnar et al (2001) emphasized the presence and potential significance of tumor cell clusters in 
peripheral blood of patients with colorectal cancer detected by immunomagnetic separation and 
pancytokeratin labeling of tumor cells in the buffy coat. 

Pancreatic Carcinoma 

Thorban et al (1999) found cytokeratin-positive tumor cells in aspirates of iliac marrow from 25 
of 48 patients with ductal carcinoma of pancreas. Thirteen of 15 patients who had 
undergone complete resection of tumor, but had tumor cells in the marrow, suffered local or 
distant recurrence of tumor, whereas there were no relapses during that same time interval for 
the 12 patients who had identical surgery but were without tumor cells in marrow. 

Molecular Markers 

These techniques have been applied in studies of a small number of patients with carcinomas 
of various organs. Peripheral blood samples of 9 patients each, with gastric and pancreatic 
carcinomas, were examined for cells expressing CEA using RT-PCR; cancer cells were 
identified in 3 of the 9 pancreatic, and 2 of the 9 gastric carcinoma patients. Control patients, 
primarily with pancreatitis or gastritis, were negative (Funaki et al, 1996). 

Gerhard et al (1994) used CEA-specific RT-PCR to examine bone marrow of 15 patients with 
abdominal carcinomatosis due to colorectal, gastric, and pancreatic carcinomas and 
found 10 to be positive, including 4 with presumed tumor cells not identified by immunocytology. 

Using the same technique, Castells et al (1998) detected CEA-positive cells in peripheral blood 
of 39 of 95 colorectal cancer patients and, interestingly, in 5 of 9 patients with inflammatory 
bowel disease. Although there was increasing probability of a positive finding with increasing 
stage of disease, there was no firm evidence that (CEA) mRNA in peripheral blood is 
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predictive of metastases. 

Lung Cancer 

Interest in the dissemination of lung cancer cells was among the primary motivations for studies 
of circulating cancer cells. Using an early technique for concentrating and identifying cancer 
cells in peripheral blood, Nedelkoff et al (1962) reported finding unequivocal cancer cells in only 
2 of 192 patients with lung cancer; 24 other patients had abnormal, but nondiagnostic, cells 
present. Essentially similar reports of the rarity of cancer cells in peripheral blood were 
published by Sakurai et al (1962) and Scheinin and Koivuniemi (1963), though they identified 
malignant cells in pulmonary venous blood of as many as 18% to 22% of patients. Scheinin and 
Koivuniemi (1963) stressed that lung cancer cells had to be differentiated from 
megakaryocytes in the pulmonary circulation. 

Cote et al (1995) used a cocktail of antikeratin antibodies to identify tumor cells in bone 
marrow of 17 of 43 patients with non-small-cell lung cancer who had no other evidence of 
metastases. Similar observations were reported by Pantel et al (1996) and Ohgami et al (1997). 

The presence of epithelial immunoreactive cancer cells in bone marrow was considered to be a 
significant independent predictor of relapse in node-negative patients in all three studies. 

Stahel et al (1985) studied patients with small-cell lung cancer (SCLC). They used a 
monoclonal antibody against a surface antigen of SCC (small-cell carcinoma) in an indirect 
immunofluorescence stain of bone marrow and found tumor cells present in 18 of 29 patients at 
initial staging. Considering that the 2-year mortality of SCLC approached 100% at that time, it is 
likely that wider sampling would have yielded an even greater number of positive cases. 

A number of investigators have used CK-19 mRNAas a marker of lung cancer cells. Reverse 
transcriptase-polymerase chain reaction was reported to have a sensitivity of as high as 

one cancer cell in 10 7 nucleated blood cells. Peck et al (1998) reported detecting cancer cells 
in approximately 40% of non-small-cell and 27% of small-cell carcinomas, while others reported 
false-positive results due to illegitimate transcription (Dingemans et al, 1997). Neuroendocrine 
transcripts also have been studied as potential markers of circulating cancer cells, primarily for 
SCLC. Lacroix et al (2001) evaluated RT-PCR assays of 7 neuroendocrine markers and 
concluded that preprogastrin-releasing peptide was most specific and most sensitive; 13 of 26 
patients with SCLC had positive blood samples and 5 of 23 had positive sputum samples. Also, 

25 of 92 patients with non-small-cell lung cancer had positive blood samples. Whether this 
indicates the presence of intact and viable circulating cancer cells is still uncertain. Okusaka et 
al (1997) reported that serum levels of progastrin-releasing peptide increased during relapse of 
SCLC. 

In an interesting study reported by Masson et al (1989), 7 of 8 patients with lymphangitic 
metastases in lung from various carcinomas were found to have cancer cells in the 
wedged pulmonary artery blood. 

Carcinoma of the Uterine Cervix 

Cancer cells in bone marrow aspirates were the subject of a recent study by Janni et al (2003) 
who identified isolated tumor cells by immunocytokeratin stain in 38 of 130 patients with newly 
diagnosed invasive cervical carcinoma. The presence of tumor cells was an independent risk 
factor 
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for subsequent distant metastases but did not correlate with overall survival. 
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Molecular techniques were used in a study by Stenman et al (1997) who used RT-PCR of the 
mRNAfor a squamous cell antigen to detect squamous cancer cells in peripheral blood. 
They reported circulating cancer cells in 6 of 15 patients, 3 of whom subsequently relapsed; 
however, 2 of 9 patients without evidence of circulating tumor cells also relapsed or 
progressed. Two pregnant women, at term, who were in the control group were also 
positive, possibly because of amnion or other fetal cells. 

In another application of the RT-PCR technique, Pao et al (1997) identified human 
papillomavirus (HPV) type 16 specific mRNA in peripheral blood samples from 12 of 13 
patients who had advanced carcinomas of cervix. 

Bladder Cancer 

Uroplakins are specific membrane proteins of urothelial umbrella cells and are useful markers 
of metastatic transitional cell carcinoma (Moll et al, 1995; see also Chaps. 22, 23, and 26). Li et 
al (1999) developed an RT-PCR assay for mRNA encoding Uroplakin 11, which could be 
detected in peripheral blood from 3 of 10 patients with metastatic urothelial cancer, but was not 
found in 50 patients with nonmetastatic tumors or in 10 healthy volunteers. The potential high 
specificity of this marker makes it attractive for immunocytochemistry and immunomagnetic 
separation of urothelial cells in various metastatic sites (see Chap. 26). Whether it will prove to 
be of prognostic value still remains to be seen. 

Thyroid 

Cells expressing the thyroglobulin gene were identified in peripheral blood samples from 7 of 
78 patients with thyroid cancer; including 5 who had had metastases resected and were 
believed to be free of tumor at the time (Ditkoff et al, 1996). None of 6 patients with benign 
thyroid disease and none of 7 normal volunteers had blood specimens expressing the 
thyroglobulin gene. 

Hepatoma 

Patients with late-stage hepatocellular carcinoma often develop lung metastases and many who 
undergo hepatic resection, develop recurrent tumor in the liver. Using mRNAfor albumin as a 
marker, Kar and Carr (1995) reported positive RT-PCR assays in peripheral blood of 16 of 17 
patients with hepatoma in stages III and IV. The assay was negative in patients with stage I 
hepatoma and negative in 10 cirrhotic patients and 10 patients with metastatic carcinomas to 
liver. However, the possibility of false-positive reactions was raised in a report by Matsumura et 
al (1994) who found a positive reaction for albumin mRNA in nuclei of neutrophils and 
lymphocytes from normal volunteers. They considered alpha fetoprotein (AFP) mRNA, which 
is not present in normal nucleated peripheral blood cells, to be more specific for liver cells. But, 
although 17 of 33 patients with hepatocellular carcinoma had demonstrable AFP mRNA in 
peripheral blood, it was also detected in 2 of 13 patients with cirrhosis and 2 of 17 patients with 
chronic hepatitis. Komeda et al (1995) reported similar data in patients with hepatocellular 
carcinoma and had no falsepositive reactions in control subjects. On the other hand, Lemoine 
et al (1997) found AFP mRNA in more than half of 64 patients operated for a variety of 
metastatic, as well as primary, tumors and nonneoplastic disease and concluded that it was not 
a specific marker of circulating cells from hepatocellular carcinoma. Thus, at this time, there 
is no general agreement on an optimum marker for liver cancer cells in the circulation. 
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VIABILITY OF CIRCULATING TUMOR CELLS 

Given the surprisingly frequent finding of tumor cells in blood or marrow of patients, some of 
whom are expected to have a favorable outcome, questions have been raised about the 
viability and tumorigenicity of these cells. It is evident that not all cancer cells survive in the 
blood circulation. Many are obviously degenerating and nonviable when they are recovered; 
others must be incapable of surviving, even though they appear well preserved. Yet, the 
viability of at least some circulating cancer cells was reported by Moore et al (1958) who 
obtained tumor cell growth from blood of cancer patients in tissue cultures with a feeder layer of 
HeLa cells and by McDonald and Cole (1961) who demonstrated that at least some cancer 
cells in the regional venous blood of patients with colonic and rectal cancer were viable and 
could be grown in tissue culture. Roger et al (1972) reported finding tumor cells in mitosis in the 
regional venous blood of two patients receiving Colcemid. Gazet (1966) tried unsuccessfully to 
grow cancer cells in mice from the peripheral blood of patients. Joshi et al (1987) were able to 
grow malignant cells, similar to the primary tumor, in long-term tissue culture of aspirated 
marrow from 5 of 20 patients scheduled for autologous marrow transplantation. Clonogenic 
tumor colonies were grown from 21 of 26 peripheral blood samples containing 
immunocytochemically positive breast cancer cells, but not from specimens without detectable 
tumor cells (Ross et al, 1993). Solakoglu et al (2002) were able to culture viable tumor cells 
under special conditions from bone marrow in 124 (81%) of 153 patients with carcinomas of 
breast, colon, and kidney. They felt that the number of tumor cells grown in culture correlated 
with the probability of cancer related deaths. 

Rill et al (1994) labeled the bone marrows harvested from 8 patients with neuroblastoma in 
clinical remission, with a neomycin-resistant gene that served as a marker and followed 
the patients who were reinfused with their own marrow (autologous transplantation) after high- 
dose chemotherapy. In the 3 patients who relapsed, they identified the marker gene in 
malignant cells from marrow and other tumor sites, demonstrating that the bone 
marrow 

R1560 

contained viable cancer cells capable of forming tumors. 

Mehes et al (2001) identified cytokeratin- and mucinpositive epithelial tumor cells in 
peripheral blood of 8 of 19 patients with advanced stage breast cancer, but the majority of 
the cells appeared to be apoptotic, as confirmed by demonstrating DNA strand breaks with 
the TUNEL assay. This study raised questions regarding the significance that can be attached 
to a finding of circulating cancer cells, without distinguishing intact from apoptotic (or necrotic) 
tumor cells. 

Braun et al (2001) suggested that circulating ovarian and breast tumor cells, capable of 
establishing metastases, might be better identified by double-labeling the cytokeratin- 
positive cells with antibody to erb-b2, which he reported to be an independent 
indicator of poor prognosis. 

RESULTS 

False-Positive Results 

Endogenous peroxidase activity of granulocytes and their precursors, if not completely 
blocked, can give false -positive immunoperoxidase reactions. Cytologic examination 
usually easily distinguishes these cells from epithelial tumor cells. Delsol et al (1984) reported 
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EMA expression on reactive and neoplastic plasma cells and some activated and neoplastic 
lymphocytes. Borgen et al (1998) emphasized that alkaline phosphatase-labeled 
antibodies give a false -positive reaction with plasma cells. 

Zippelius et al (1997) examined the specificity of primers, commonly used in RT-PCR 
assays, by testing them against bone marrow from 53 control patients without epithelial 
malignancies. They found false positive reactions in a considerable number of control 
marrows with epithelial glycoprotein-40, desmoplakin, CEA, erb-b2, erb-b3, prostate 
specific membrane antigen, and cytokeratin 18. Bostick (1998) also found the commonly 
used epithelial markers (except CK-19) falsely positive in the blood of 13 normal control 
individuals. Only PSAmRNAwas not detected by Zippelius et al (1997) in any of the 53 control 
marrow specimens. They emphasized that a limiting factor in the detection of tumor cells 
by RT-PCR is the illegitimate transcription of tumor-associated or epithelialspecific 
genes in hemopoietic cells. 

Ko et al (1998) cautioned that high sensitivities could be achieved for CEA in peripheral 
blood by increasing the number of PCR cycles, but doing so led to a marked increase 
in false positive signals. De Cremouxet al (2000) came to a similar conclusion using RT-PCR 
for a MUC-1 specific cDNA sequence. With these limitations, some authors have concluded that 
PCR is not more sensitive than immunocytochemistry (Ko et al, 1998). If extracellular DNAis 
found in the plasma of other patients, as has been reported for women with mammary 
carcinoma (Silva et al, 2002), then the test is not likely to be specific. 

A potential source of false-positive results is the presence of small numbers of 
contaminating benign cells with a tissue-specific marker that may have been introduced 
by an operative procedure or during collection of the blood or marrow specimens (e.g., 
squamous cells from the skin). Thus, in all cases, careful cytologic examination is 
essential to confirm and classify marker-positive putative cancer cells. 

Other potential sources of false-positive findings are the observations that in bone marrow 
transplant recipients, the stem cells are capable of multiorgan differentiation. They have been 
shown to produce cardiac muscle cells (Orlic et al, 2001), hepatocytes (Alison et al, 2000; 

Theise et al, 2000), neurons (Mezey et al, 2003) and endometrium (Taylor, 2004). It is not 
known, at this time, whether any of these cells in bone marrow or circulating blood can be 
mistaken for cancer cells. 

There is also substantial evidence that fetal stem cells may be transferred to the mother and 
persist for many years (Bianchi et al, 1996). These cells may invade a multitude of tissues and 
therein produce differentiated cells of various types (Khosrotehrani et al, 2004). Again, it is 
not known, at this time, whether any of these differentiated fetal cells may occur in bone 
marrow or peripheral blood and mimic cancer cells. 

False-Negative Results 

False negative results with RT-PCR may be the result of a number of factors. Tissue 
inhibitors of the PCR reaction can diminish sensitivity in some cases. The marker of interest 
may not be expressed by some tumor cells in a heterogenous population or it may be down- 
regulated by treatment; hence, it is usually advisable to combine several different markers. 

Intermittent shedding of tumor cells into the blood, or the random distribution of a very few 
tumor cells, may account for their absence in small samples of blood or marrow. 

AUTOMATED SCREENING 
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The search for immunocytochemically tagged circulating tumor cells would seem to lend 
itself well to identification and quantitation by automated scanning instruments. Thus, Mansi et 
al (1988) proposed doing so in a search for breast cancer cells in bone marrow. They used the 
Leytas scanning and image analyzing microscope (see Chap. 46) and found it advantageous in 
cases with few tumor cells. Kraeft et al (2000) used an automated Nikon fluorescence 
microscope with CCD camera and a double-labeling protocol to minimize or eliminate false- 
positive staining. Pachmann et al (2001) used the CompuCyte Laser Scanning Cytometer 
(LSC) (see Chap. 47) to automatically scan for cells in peripheral blood that were stained by an 
immunofluorescent anti-epithelial antibody. After enriching with immunomagnetic beads, they 

were able to detect as few as 1 to 2 positive cells in a population of 10^ nucleated cells. 

Another apparatus, Cell Spotter Analyzer (Veridex) was recently used by Cristofanilli et al (2004) 
to detect cancer 
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cells in peripheral blood of patients with metastatic breast cancer. 




Figure 43-11 Cancer cells in thoracic duct lymph from a patient with disseminated 
malignant melanoma. Many of these huge cancer cells had cytoplasmic melanin. They 
were viable and grew in tissue culture, where they continued to produce melanin. 



WOUND WASHINGS 

It has been assumed that local recurrence of carcinoma, after potentially curative resection, 
may be due to contamination of the operative wound by cancer cells (Smith et al, 1963; 
Smith and Malmgren, 1964; Salsbury et al, 1965, 1973; Fisher et al, 1967). This type of 
recurrence is more likely with certain kinds of cancer, such as mammary carcinoma or 
epidermoid cancer of the mouth or pharynx. In an effort to predict which patients would suffer 
local recurrence, examinations of wound washings were carried out by Smith et al (1958), 
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Arons et al (1961), and Nash et al (1962) on specimens taken after surgery, prior to closure. 

Nash et al classified the specimens from 51 of 274 patients as positive, and 26 of the 51 had 
recurrent tumor. Arons et al (1961) reported cancer cells present in 26% of their cases, but 
subsequent clinical follow-up showed no correlation with local or distant metastases or survival. 

An alternative explanation for postoperative local recurrence of tumor was proposed by Nash et 
al (1962), who suggested that cancer cell seeding in some wounds occurred after closure. They 
found support for this in the observation that cancer cells were sometimes present in the 
postoperative drainage of fluid from wounds that had yielded no such cells in previous irrigation 
specimens at surgery. Their observations should be viewed with skepticism, however, because 
the reactive and regenerating benign stromal and inflammatory cells might well mimic cancer 
cells and their work lacks clinical substantiation. 

The problem of differential diagnosis of tumor cells from actively proliferating 
connective tissue cells, endothelial and benign epithelial cells, and hematopoietic 
cells, is not to be underestimated. One must have considerable experience with the type of 
specimens studied and maintain good clinicopathologic correlation if meaningful diagnoses are 
expected. 

At the present time, wound washings are seldom obtained, except in cases of abdominopelvic 
surgery for carcinomas of the female genital tract, in which the finding of cancer cells in pelvic 
washings upgrades the stage of the carcinoma. 

THORACIC DUCT LYMPH 

Tumor cells have been identified in thoracic duct lymph from approximately 16% of patients with 
advanced cancers (Fig. 43-11). Technical problems of preparation and interpretation are 
somewhat simpler than for blood or wound washings. 

In a remarkable study of the entire thoracic duct, its tributaries, and draining nodes, Young 
(1956) found involvement by carcinoma in 37%, and by lymphoma in 71%, of 150 patients with 
malignant neoplasms at autopsy. Burn et al (1962) reviewed the role of thoracic duct lymph in 
dissemination of cancer. Experience with the cytology of thoracic duct lymph is still too limited to 
suggest any clinical correlations. 
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CYTOLOGIC TECHNIQUES 

Over the years, cytopathology laboratories have experienced dramatic changes in the types 
and numbers of specimens submitted for cytologic evaluation. With the use of fiberoptic 
instruments and newer and more sophisticated imaging techniques guiding fine needle 
aspirations (FNA), cells can be obtained from almost all anatomic sites, presenting unique 
diagnostic challenges. More and more treatment decisions are being made on the basis of the 
cytologic diagnosis. The quality of the microscopic preparation being examined plays a major 
role in the cytopathologist's ability to make an accurate diagnosis. 

In the past, the trained cytotechnologist frequently was also responsible for collection, 
preparation, and staining of material. As a result, many of the pitfalls affecting the quality of the 
microscopic preparations to be screened were learned firsthand. However, most laboratories 
now employ personnel whose primary and only function is cytopreparation, with the 
cytotechnologist participating solely in a supervisory capacity. A thorough understanding of 
basic cytopreparatory techniques is required to effectively oversee or modify these procedures 
according to the needs of a laboratory. 

Descriptions of new techniques and automated procedures have been added to this chapter. 

Some of the older methods have been retained for historical purposes. Athorough 
understanding of the nature of the specimen is necessary to produce optimal results, 
regardless of the material and methods at one's disposal. 

This chapter describes the basic techniques involved in cytopreparation, stressing the 
importance of the nature and type of the specimen rather than the site of origin. 

Accurate cytologic interpretation of cellular material is dependent on: 

■ Methods of specimen collection 

■ Fixation and fixatives 

■ Preservation of fluid specimens prior to processing 

■ Preparation of material for microscopic examination 

■ Staining and mounting of the cell sample 

These steps will be considered separately because of the important role each plays in affecting 
the quality of the microscopic preparation. 

Adetailed description of the clinical methods involved in the collection of cellular material for 
cytologic evaluation can be found in chapters dealing with specific organs or organ systems. 

The principles of collection and processing of material by FNA are described in Chapter 28. 

FIXATION AND FIXATIVES 
Fixation of Smears 
Ethanol Fixation 

Rapid fixation of smears is necessary to preserve cytologic detail of cells spread on a glass 
slide that are to be stained by the Papanicolaou method. If smears are allowed to air-dry prior to 
fixation, marked distortion of the cells occurs. 

In the past, the fixative of choice for gynecologic and other smear preparations was the one 
recommended by Papanicolaou, namely, a solution of equal parts of ether and 95% ethyl 
alcohol. Subsequently, it has been necessary to abandon this original and excellent fixative 

2755 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



44 - Laboratory Techniques 



because ether presents a fire hazard. Ninety -five percent ethyl alcohol (ethanol) is now 
employed as a fixative by most laboratories, with excellent results. This method of fixation may 
be used for all smears prepared at the side of the patient, such as vaginal, cervical, and 
endometrial aspiration smears; prostatic smears; breast smears; and aspiration biopsy smears. 
It is also used for the final fixation of all smears prepared in the laboratory from fresh fluids or 
those initially collected in 50% alcohol or other preservatives. 

Smears should remain in the 95% ethyl alcohol fixative for a minimum of 15 minutes prior to 
staining. However, prolonged fixation of several days or even weeks will not materially alter the 
appearance of the smear. 

To obtain ethanol without federal taxation, a license is required. Laboratories that do not have 
such a license may use other alcohols. However, to obtain results similar to those seen with 
95% ethanol, different concentrations must be used. Table 44-1 shows equivalent 
concentrations of various alcohol fixatives as suggested and tested by Danos-Holmquist 
(1978). 

These substitutes may also be used with membrane filters, except for 100% methanol that 
cannot be used for Millipore filters. 

All alcohol fixatives should be discarded or filtered after each use with a good-grade, medium- 
speed filter, such as Whatman No.1, and the concentration should be tested with a hydrometer 
before reuse. 



TABLE 44-1 EQUIVALENT CONCENTRATIONS OF SEVERAL ALCOHOLS FOR 
PURPOSES OF CELL FIXATION 

100% Methanol 
95% Ethanol 
95% Denatured alcohol 
80% Propanol 
80% Isopropanol 
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Wet fixation with alcohol is recommended for all nongynecologic material to be stained by the 
Papanicolaou method. For gynecologic material, coating fixatives may be used. 

Coating Fixatives 

A number of agents on the market today can be sprayed or applied with a dropper to freshly 
prepared smears, thus eliminating the use of bottles and fixing solutions. Hairspray with high 
alcohol content was, at one time, effective as a fixative, but it is no longer considered suitable 
for this purpose. There are numerous cost-effective Pap smear collection kits and aerosol 
sprays currently available that produce excellent results. Most of these agents have a dual 
action in that they fix the cells and, when dry, form a thin, protective coating over the smear. 

These fixatives are particularly helpful if the smears must be mailed to a distant cytology 
laboratory for evaluation. The method is not recommended for smears prepared from fluids 
within the laboratory. 

Instructions for applying the coating fixative accompany the product and should be followed 
carefully. Cans should be shaken well prior to each use to ensure optimal dispersal and 
adequate fixation. As in any good method of fixation, the coating fixative should be applied 
immediately to fresh smears. The distance from which the slides are sprayed with an 
aerosol fixative affects the quality of the cytologic detail. The optimal distance differs with the 
brand of fixative used (see Appendix to Chap. 8). Danos-Holmquist tested several spray 
fixatives and found that the distance of 10-12 inches was optimal. For details, see Table 44-2. 

There is a widespread tendency to hold the can too close to the slide; therefore, if you are 
experiencing suboptimal results with the spray fixative used by your clinicians, it should be 
tested for optimal distance. Aerosol sprays are not recommended for bloody smears 
because they cause clumping of erythrocytes. Coating fixatives may also be prepared 
inexpensively within the laboratory. Two such methods are given below. 
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TABLE 44-2 QUALITY OF CYTOLOGIC DETAIL WITH AEROSOL FIXATION AT 
VARIOUS DISTANCES 



Fixative Distance Cytologic Appearance Fixation 



Aqua 

Net 

Hair 



8-24 

inches 



Delicate chromatin detail 



Good 



Spray 



1-7 Chromatin: hazy 

inches hypochromatic, nuclear 

shrinkage, cilia lost and 
cytoplasm distorted 



Poor 



Richard 

Allen^ 



14-24 Loss of chromatin detail; 

inches nuclear swelling 



Poor 



Fixative 



6-13 

inches 



Delicate 

chromatin 

detail 



Good 



1-5 

inches 



Loss of 

chromatin 

detail; 

nuclear 

swelling 



Poor 



Aqua Net hairspray, Faberge Inc., 65 Railroad Avenue, Ridgefield, New 
Jersey 07657. (No longer recommended as a fixative.) 

Richard Allen Medical Industries, Inc., 1335 Dodge Avenue, Evanston, 
Illinois 60204. 



Polyethylene Glycol (Carbowax) Fixative 
(1. Ehrenreich and S. Kerpe, 1959,) 

95% Ethyl alcohol 50 ml 

Ether 50 ml 

Polyethylene glycol 5 g 

(Carbowax compound 1540) 

* 

Ether may be eliminated and 100 ml of 95% alcohol used. 

Soften the polyethylene glycol in an incubator at 56°C and add the 95% ethyl alcohol. Let stand 
for several hours at room temperature, or use frequent agitation to hasten the dissolution of the 
polyethylene-glycol. The solution may be dispensed in small dropper bottles. 

Freshly made smears are placed on a flat surface and the slides are covered immediately by 
five or six drops of the fixative. Allow the slide to dry for 5 to 7 minutes or until an opaque, waxy 
film forms over the surface. 

Diaphane Fixative 

(G. N. Papanicolaou and E. L. Bridges, 1957,) 

95% ethyl alcohol 3 parts 
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Diaphane^ 2 parts 

Diaphane is a synthetic resin made by Will Scientific, Inc., Rochester, NY. 

Mix thoroughly at room temperature. 

Fresh wet smears are placed on a flat surface and covered immediately with enough solution to 
form a thin coating over the slide — approximately 0.25 or 0.5 ml (5 or 6 drops) per slide. Allow 
the Diaphane coating to dry thoroughly (20 to 30 minutes) to a hard, smooth film that protects 
the 

P.1572 

smear. When smears are received in the laboratory, place in 95% ethyl alcohol to remove 
Diaphane before staining. 

Processing of Smears Prepared With Coating Fixatives 

Unless removed prior to staining, all coating fixatives will contaminate the staining solutions, 
particularly the hematoxylin. The water-soluble coating fixatives should be removed prior to 
staining by maintaining two separate dishes of 95% ethyl alcohol and leaving the slides in each 
dish for 5 to 10 minutes. The 95% ethyl alcohol used for washing off the coating fixative should 
be filtered or changed at least once each day, the number of times depending on the number of 
slides that are washed. 

Manufacturers of spray fixatives occasionally use, in their products, concentrations of alcohol 
greater than those normally used for optimal fixation. This results in increased cellular 
shrinkage, which may cause loss of nuclear detail because of chromatin condensation. The 
increased density of the cell wall also can impede the penetration of light green dye, with 
resulting excessive cytoplasmic eosinophilia. Increasing the staining time in eosin-alcohol (EA) 
may give better cytoplasmic staining; however, better nuclear detail cannot be achieved. All 
commercial spray fixatives must be tested before acceptance and the results compared with 
smears that have been fixed in 95% ethyl alcohol. 

Rehydration of Air-Dried Smears 
Gynecologic Smears 

In recent years, the use of unfixed, air-dried gynecologic smears has been advocated by some 
workers. Randall and von Amerongen (1997) recommend the submission of unfixed, air-dried 
smears and subsequent rehydration with 50% glycerin after arrival in the laboratory. They 
prefer this method over wet fixation because their educational efforts emphasizing proper 
fixation were ineffective when dealing with inexperienced medical staffs submitting small 
numbers of slides annually. A comparison in their laboratory of airdied and fixed cervicovaginal 
smears showed there was no significant difference between the two techniques in reference to 
their ability to detect abnormalities. 

In our experience, even when dealing with large numbers of providers, air-drying artifact is less 
of a problem than it once was. This is most likely the result of years of education and the 
availability of inexpensive, easy to use fixatives and kits. However, if a laboratory receives large 
numbers of slides exhibiting air-drying artifact, and educational efforts have failed, this author 
thinks a more prudent alternative would be to rehydrate the defective slides rather than 
recommend that all slides be air-dried. 

The rehydration procedure described below may be used for inadequately fixed smears. It must 
be noted that squamous cells may appear restored to a considerable extent after rehydration 
procedures whereas, in our experience, cells of secretory type often suffer irreparable damage. 

The simplest rehydration technique that seems to work as well as, if not better than, most 
techniques was developed many years ago by R. G. Bonime of New York City (1966). Air-dried 
cytologic specimens are placed in a 50% aqueous solution of glycerin for 3 minutes 
followed by two rinses in 95% ethyl alcohol prior to staining by the routine Papanicolaou 
method. 

Nongynecoiogic Smears 

Since inadvertent air drying prior to ethanol fixation may occur when slides are prepared by 
physicians and ancillary health care staff, Shidham et al (2001 ) recommend purposely air drying 
all smears and rehydrating them with normal saline after arrival in the laboratory. Proponents of 
the procedure judge the cytologic detail of brush smears and fine needle aspiration smears 
superior to smears made from the same material that were immediately and adequately wet 
fixed in alcohol. Advantages cited include lesser risk of cell loss and ease of collection by 
untrained personnel. 
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The author has no personal experience with the method and recommends testing it in one's 
own laboratory before adopting any permanent change in routine procedures. 

Mailing of Unstained Smears 

Unstained smears may be mailed to distant cytologic laboratories after the application of 
coating fixatives previously discussed. Avariety of mailing containers are commercially 
available, ranging from plastic cylinders to cardboard containers and, if properly used, they will 
prevent breakage in the mail. 

If coating fixative solutions are not available, the following method has been used for many 
years and gives very good results. 

Glycerine Method 

(J. E. Ayre and E. Dakin, 1946,) 

Smears are first fixed in 95% ethyl alcohol for a minimum of 15 minutes. The slides are then 
removed and one or two drops of glycerin are placed on the smear and covered with a clean 
glass slide. The slides may now be wrapped in wax paper and mailed to the laboratory in a 
suitable container. 

Special-Purpose Fixatives 



Neutral Buffered Formaldehyde Solution 



37% to 40% Formaldehyde solution 


100 ml 


Water 


900 ml 


Acid sodium phosphate, monohydrate 


4g 


Anhydrous disodium phosphate 


6.5 g 


Bouin's Solution 




1 .2% (saturated) aqueous picric acid 


750 ml 


37% to 40% Formaldehyde solution 


250 ml 


Glacial acetic acid 


50 ml 



These two fixatives are particularly valuable in preserving nuclear features in small samples, 
such as cell blocks. 

Methanol Acetic Acid Fixative 

Howell et al (1993) reported that urine and bladder washings, fixed with an equal volume of 
20:1 methanol plus 
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acetic acid (MA), produced cytocentrifuge preparations with well preserved cells and good 
cytologic detail. 

An earlier study, comparing DNA histograms of fresh urine and bladder washing to an aliquot of 
the same sample fixed in MA, resulted in increased diagnostic accuracy when MA fixation was 
used (Deitch et al, 1982). Diagnostic accuracy of DNA histograms done on the same samples 
fixed with MA improved from 58% to 92% in urines and from 50% to 100% in bladder washings. 

Ethanol fixation usually resulted in DNA histogram deterioration. They recommend that the MA 
fixative be used when both cytologic evaluation and flow cytometry is desired on the same urine 
or bladder washing sample. 

Balanced Salt Solutions 

Nasuti et al (2000) reported that Normosol, a balanced salt solution, is suitable for storage of 
fine needle aspirates. In a comparison of paired FNA needle rinses, stored for up to 60 hours 
in Carbowax and Normosol, Normosol was superior for nuclear preservation and lack of 
obscuring background artifact. Normosol is an excellent, low-cost alternative for short-term 
storage of FNA samples. 

Formol Alcohol 

A number of workers have recommended varying mixtures of formalin and alcohol for fixation of 
smears and cell block samples. Tang et al (1997) reported that smears made from urinary 
sediment that had been prefixed in 60% alcohol and 3% Carbowax 1500, dried on a 40°C hot 
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plate for 15 minutes, and then fixed in 1:19 solution of 37% formaldehyde and absolute ethanol 
for 30 minutes retained significantly more cells than those fixed with 95% alcohol alone. The 
protein cross-linking properties of formalin may play a roll in making the cells adhere better to 
the glass slide. Nuclear and cytoplasmic staining and detail were similar, exhibiting excellent 
morphology; however, the greater yield of cells in the formalin-alcohol mixture resulted in 
detection of a higher number of abnormal cases. 

Nathan et al (2000) recommends the use of an ethanol formalin fixative for processing of cell 
blocks. This fixative results in excellent cytomorphologic features that closely resemble the 
cytologic detail seen in Papanicolaou-stained smears. Preservation of histochemical and 
immunocytochemical properties are maintained. The fixative must be prepared fresh and used 
immediately because formalin is capable of oxidizing to formic acid. Nathan alcohol formalin 
substitute (NAFS) consists of a 1:9 solution of 40% formaldehyde and 100% ethanol. NAFS is 
added to spun-down cell pellets after the supernatant is discarded. After a minimum of 45 
minutes, the sample is recentrifuged and the cell pellet wrapped in paper and placed into a 
cassette that is stored in 80% alcohol until ready for processing. 

Saccomanno's Fixative 

Saccomanno's fixative is 50% alcohol and approximately 2% Carbowax 1540 (www.ousc.com, 
Cat. #10063). Carbowax infiltrates and occupies submicroscopic spaces, preventing cell 
collapse, and thus protects the cells during air drying. Cells adhere well to glass slides as a 
consequence of air drying. This fixative, a variant of the fixative proposed by Ehrenreich and 
Kerpe in 1959 was first used by Saccomanno for prefixation of sputum but can be used for fluid 
specimens from other sites. Carbowax 1 540 is solid at room temperature, with a melting point of 
43° to 46°C. To avoid the necessity of melting it whenever the fixative is made, a stock 
solution of Carbowax can be prepared as follows: pour 500 ml of water or 50% ethyl alcohol 
into a 1 ,000-ml graduated cylinder. Melt Carbowax in an incubator or hot-air oven at 50° to 
100°C. Add 500 ml of the melted Carbowax to the graduated cylinder. This mixture will not 
solidify and can be stored in a liter screwcap bottle. 

A liter of Saccomanno's fixative can be prepared by mixing 434 ml of water, 526 ml of 95% 
ethyl alcohol, and 40 ml of the water or alcohol-based stock solution. The final concentration of 
alcohol will be slightly different, depending on which stock solution is used; however, this 
difference is not critical. Never use absolute alcohol for preparation of Saccomanno's fixative, 
since it may contain dehydrating agents that cause mucus to become hard and rubbery and 
difficult to blend. 

Modifications have been recommended by various workers depending on the type of specimen 
being processed. The Bales method uses 2% carbowax and 70% alcohol for the final fixation 
of urinary sediment. Tang et al (1997) found that 3% carbowax gave a 3-dimensional 
appearance to cell clusters and that 60% ethanol was the optimal concentration of alcohol to 
ensure adequate fixation without protein precipitation. 

Formalin Vapor Fixation 

Some staining procedures require formalin vapor fixation. Place 1 to 2 ml of formalin solution of 
required concentration in a Coplin jar. Immediately after preparation of the smear, drop the slide 
into the Coplin jar, cell end up (label end down), and tightly cover the jar. The length of time 
required for fixation varies according to procedure. 

Carnoy's Fixative 

95% Ethanol 60 ml 
Chloroform 30 ml 

Glacial acetic acid 10 ml 

This fixative will hemolyze red blood cells and, therefore, is useful for bloody specimens. 
However, shrinkage of the epithelial cells is greater than that observed in specimens fixed in 
95% ethanol. The staining time in hematoxylin must be reduced to prevent overstaining. Place 
the bloody smear in Carnoy's fixative for 3 to 5 minutes, until the sediment becomes colorless, 
and then transfer to 95% ethanol or its equivalent. Nuclear chromatin will be lost if the cell 
sample remains in Carnoy's fixative for longer than 15 minutes. 

This fixative must be prepared fresh when needed and discarded after each use. Carnoy's 
fixative loses its effectiveness on standing, and the chloroform can react with acetic acid to form 
hydrochloric acid. This fixative may be used for Millipore filters but will damage Nuclepore and 
Gelman filters. 
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LIQUID-BASED COLLECTION AND PROCESSING OF GYNECOLOGIC 
SPECIMENS 

For many years, efforts have been made to develop methods that would enhance the sensitivity 
and specificity of the Papanicolaou smear. Emphasis has been placed on creating automated 
screening machines whose success depends on a representative sampling of cells on 
standardized slides containing a monolayer of well-stained, well-preserved cells. 

From this research and development, liquid-based gynecologic specimen collection has 
evolved. Its proponents argue that liquid-based preparations outperform conventional smears 
because of improved fixation, decreased obscuring factors, and standardization of cell transfer. 
Proponents point out that, in direct smears, the cells are not transferred in a representative 
fashion and that up to 90% of the material scraped from the cervix may be discarded with the 
sampling device. With liquid-based collection, the sampling will be representative and operator- 
dependent variation will not occur since processing is controlled by the laboratory. 

SurePath (TriPath Imaging, Inc, Burlington, NC) and ThinPrep 2000 System (Cytyc Corp, 
Marlborough, MA) are two such systems currently approved by the FDA for cervicovaginal 
testing. With both methods, the sample is collected in the conventional manner with one of the 
brush instruments (see Appendix to Chap. 8) but, instead of being spread onto a glass slide, it 
is transferred to a vial of fixative. 

In the SurePath method, the sample is vortexed, strained, layered onto a density gradient, and 
centrifuged. Instruments required are a computer-controlled robotic pipette and a centrifuge. 
The cells form a circle 12.5 mm in diameter. The ThinPrep method requires an instrument and 
special polycarbonate filters. After the instrument immerses the filter into the vial, the filter is 
rotated to homogenize the sample. Cells are collected on the surface of the filter when a 
vacuum is applied. The filter is then pressed against a slide to transfer the cells into a 20 mm 
diameter circle. 

Both methods result in a well preserved approximate monolayer of cells, with a background 
devoid of blood and mucus. However, the current high cost of these patented, commercial 
systems (i.e., $55,000 for the ThinPrep 2000 System and over $20.00 in cost of disposable 
materials for each specimen [Cytyc Corporation 2001 Price List]) is estimated to be the cost to 
implement the technique. This does not include the cost of retraining and recertification, 
required of cytotechnologists and pathologists in order to interpret the ThinPrep slides, which 
has led to the development and evaluation of alternative, less costly methods. 

One such method referred to as SpinThin, developed by Khalbuss et al (2000), uses a 
modified electric toothbrush to release the cells into suspension from the collecting device. 
The cells are spun directly onto a 10 * 20 mm area of a glass slide using a Cytospin II 
cytocentrifuge with megafunnel. Results correlated very well with conventional smears and 
follow-up histology. 

Another method described by Johnson et al (2000) places the cervical collection device into 15 
ml of CytoRich Red (TriPath Imaging, Inc), a proprietary formula of buffering agents, emulsifiers, 
formaldehyde and alcohol. After arrival in the laboratory, cell suspensions are vortexed, poured 
through tulle (bridal veil fabric) and centrifuged. Following centrifugation, the supernatant is 
discarded and the sediment is vortexed. A drop of sediment is placed into an 8 ml Hettich 
cytocentrifuge chamber prefilled with 2 ml of CytoRich Yellow (TriPath Imaging, Inc), a 
proprietary Saccomanno-like fixative that prevents dehydration and collapse of 3-dimensional 
structures when slides are air-dried, and then spun onto adhesive-coated slides. Advantages 
include batch processing and reusability of its funnel assembly, which decreases the bulk of 
disposable plastic that can significantly impact the environment as well as add to the cost of 
individual tests. 

Preliminary evaluation showed the method to be as efficacious and, in two instances, more 
specific than its conventional smear counterpart. 

The cytopathology community is still assessing the relative efficacy of the costly liquid-based 
methods compared to that of the conventional smear. It remains to be seen whether the new 
technology will improve the prevention of cervical cancer (Bishop et al, 2000). One clear 
advantage of the new technology is the ability to perform additional testing, such as human 
papillomavirus (HPV) determination on the same sample (see Chap. 11). A major disadvantage 
is the introduction of artifacts such as cell shrinkage and modified staining properties requiring 
new training and experience. Until then, as stated by Austin (1998), “for now, it still may be 
premature to declare the Pap smear the most successful and proven cancer screening test in 
medical history, as ‘inefficient’ and ‘the problem' while characterizing a less-tested new method 
amid Shakespearean overtones as ‘potent’, ‘the promise’ and 'the hope'." 
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PROCESSING OF FLUID SPECIMENS 

Preservation of Material 

Preservation of cellular morphology until the sample can be processed is essential to accurate 
cytologic interpretation. For the purpose of this discussion, “prefixation” refers to the collection 
of a fluid specimen in a medium that will preserve morphology up to the time of slide 
preparation. A“fresh sample” is one to which no fixative or preservative has been added. 

Fresh Material 

Specimens may be submitted to the laboratory without preservative if facilities for immediate 
processing are available. The length of time between collection and preparation of the sample 
before cellular damages occur depends on pH, protein content, enzymatic activity, and the 
presence or absence of bacteria. It is not possible to predict these variables, even in specimens 
from the same anatomic site. However, the following guidelines will usually yield acceptable 
results. 
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■ Specimens with a high mucus content, such as sputums, bronchial aspirates, or 
mucocele fluid, may be preserved for 12 to 24 hours, if refrigerated. Refrigeration slows the 
bacterial growth that causes cellular damage and the breakdown of mucus. Mucus 
apparently coats the cells, protecting them against rapid degeneration. The cells in 
specimens without thick mucus or specimens diluted with saliva are not as well protected and 
may deteriorate more rapidly. 

■ Specimens with a high protein content, such as pleural, peritoneal, or pericardial fluids, 
may be preserved for 24 to 48 hours without refrigeration. The protein-rich fluid in which the 
cells are bathed acts as a tissue culture medium in preserving cellular morphology. 

■ Specimens with low mucus or protein content, such as urine or cerebrospinal fluid, will 
endure only a 1 to 2-hour delay, even if refrigerated. The fluid medium in which these cells 
are bathed contains enzymatic agents capable of causing cell destruction. Refrigeration may 
inhibit bacterial growth but does not protect the cells. 

■ Specimens with low pH, such as gastric material, must be collected on ice and be 
prepared within minutes of collection to prevent cellular destruction by hydrochloric acid. 

Prefixation of Material 

Prefixation may preserve some specimens for days without deterioration of cells. Some of the 
disadvantages of prefixation are precipitation of protein, hardening of cells in spherical shapes, 
and condensation of chromatin. The most common solutions used for this purpose are 
discussed below. 

■ Ethyl alcohol (ethanol) [50% solution] was once considered the best universal fixative for 
fluid specimens. Its effectiveness as a preservative, particularly of urine samples, has come 
under scrutiny (Crabtree and Murphy, 1980). Pearson et al (1981) reported that the 
morphologic features of urothelial cells, suspended in urine at a pH of 4.5, were better 
preserved than in other samples, regardless of whether or not ethanol was added. The 
addition of methanol, however, improved preservation of detail in samples of pH higher than 
4.5. This same study also found the pH of the first morning voiding to be lower than that of 
subsequent ones and that 1g of vitamin C, taken the night before sample collection, 
significantly reduced the pH. However, if one opts to use it as a preservative, ethanol should 
be added in equal volume to the fluid. Ethyl alcohol in a concentration higher than 50% 
should not be used in collecting fluids rich in protein, because the sediment becomes 
hardened and very difficult to spread on glass slides, particularly if the delay in processing is 
greater than 1 hour. However, 95% ethyl alcohol may be effectively used in the collection of 
gastric washings. Fixatives containing ether or acetone should never be used for 
liquid specimens that cannot be smeared on slides immediately after collection. 

Hardening of the sediment makes the subsequent preparation of smears almost impossible. 

■ Saccomanno's fixative. Samples can be collected directly into the Saccomanno's fixative 
or the fixative can be added to the sample once it arrives in the laboratory. When used as a 
prefixative, it is generally recommended that it be added in equal volume to the specimen. 

See above for this method of preparation and additional uses. 

■ Shandon Mucoiexx is a commercial, mucoliquefying preservative designed for use in the 
collection of mucoid and fluid specimens. Its active ingredients were polyethylene glycol, 
methanol, buffering agents, and aromatics. An equal volume of undiluted Shandon Mucoiexx 
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added to the specimen was recommended by the manufacturer (www.Thermo.com, Product 
#9990370). Asimilar product called Mucolytic Agent (Stephens Scientific, Riverdale, NJ) is 
available (catalog no. S7744). 

■ Commercial preservatives, such as Cytospin Collection Fluid (Thermo Electron 
Corporation, Pittsburgh, PA www.thermo.com), are also available. 

■ Many other preservatives have been developed for use with automated cytology systems 
that may have practical application for routine cytology. Weidmann et al (1997) tested 
CytoRich Red, a proprietary formula of buffering agents, emulsifiers, formaldehyde, and 
alcohol developed for use with TriPath PREP (TriPath Imaging, Inc) for use as a 
preservative. CytoRich Red was added to a variety of nongynecologic specimens. The 
specimens were kept for up to seven days before preparation of slides, using the Cytospin III 
(www.Thermo.com) and the Hettich Universal cytocentrifuge. There was a marked reduction 
of erythrocytes and background material, when compared to slides prepared from the same 
specimens collected in Cytospin Collection Fluid (www.Thermo.com). Table 44-3 summarizes 
the use of the preservatives described. 



Comment 

The decision to prepare slides from fresh or prefixed material is influenced by the number of 
specimens processed by the laboratory, the number of trained personnel available to prepare 
the material, and the cooperation of the physicians and nursing staff involved in collection of 
samples. We do not recommend one method in preference to another but believe that 
consistency is important. For example, if sputum or urine samples are routinely collected in 50% 
ethanol, unfixed samples should be fixed immediately upon arrival in the laboratory to ensure 
uniformly consistent cytologic artifacts for microscopic evaluation. 



PREPARATION OF FLUIDS FOR MICROSCOPIC EXAMINATION 

Many papers have been published comparing the diagnostic accuracy of different preparation 
techniques. Often, the results of these studies contradict one another. A detailed discussion of 
the advantages and disadvantages of each method is not possible in this chapter. As with 
collection techniques, the methods used for preparing specimens will vary according 
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to the volume of specimens processed, personnel available, and collection techniques. The 
most commonly used procedures can be divided into the following categories: 



TABLE 44-3 DIRECTIONS FOR USE OF SEVERAL FIXATIVES 



Preservative Specimen 



Instructions 



50% ethanol 
Sacco manno 
Mucolexx 




All body 
sites 
except 
gastric 



Sputums: Have the patient expectorate 
directly into cups containing 50 ml of 
preservative and shake well. Other 
specimens: add an equal volume of 
preservative and mix well. 



70% ethanol 



95% ethanol 



Sputum, Same as above. 

bronchial 

aspirates, 

and 

washings 

Gastric, Add an equal volume of preservative and mix 

bronchial, well. 

and other 

saline 

washings 



■ Direct or sediment smears on glass slides 



■ Cytocentrifuge preparations 

■ Automated cytology systems 
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■ Preparation with membrane filters 

■ Preparation of cell blocks 
Materials required: 

■ Petri dishes and brown paper toweling 

■ Curets, applicator sticks, forceps, or similar instruments. The nasal curet shown in Fig. 44-1 
is one such instrument that can be easily rinsed in a germicidal solution and flamed after 
each specimen. 

■ Copper paper clips for keeping the slides separated from each other in the fixative. 

■ Glass slides. Slides should be 0.95 to 1 .06 mm in thickness to ensure good microscopic 
illumination. Slides may be plain, albuminized, or coated with another adhesive (see below) 
and can be labeled permanently with a diamond-point pencil or black laboratory ink. A lead 
pencil (No. 3 hardness) can be used for temporary identification of slides with frosted ends. 
Permanent paper labels can be applied after coverslipping. The choice of plain, albuminized, 
or adhesive-coated slides will depend on the mucus content of the material to be smeared. 
Totally frosted slides should not be used as they distort the cells on smearing. 

■ Bottles of 95% ethyl alcohol or equivalent (see Table 44-1 ). 

■ Centrifuge tubes: 50-ml capacity, preferably disposable plastic tubes with a screw cap 

■ Centrifuge: 50-ml tube capacity with a horizontal head. Cell fractionation studies have shown 
that cells sediment best at 600 x gravity in 10 minutes. To determine the centrifuge speed or 
revolutions per minute (rpm) required to equal 600 * gravity for an individual centrifuge: 

Measure the radius of the centrifuge from the center pin of the rotating head to the end of the 
extended cup (Fig. 44-2). 

Place a straight edge on the chart in Fig. 44-3 intersecting the rotating radius and 600 
gravities. The point at which the straight edge intersects the speed scale is the 
recommended rpm. 




Figure 44-1 A small curet-ty pe spoon successfully used in this laboratory for 
transferring sediment from centrifuge tube or sputum to slide. 



Preparation of Direct or Sediment Smears on Glass Slides 

Specimens consisting of a small amount of material that adheres well to glass slides (e.g., 
cervical scrapes, brushing, needle aspirates) can be smeared directly on a slide, using a steady 
motion (see Chap. 28 for further comments on smear preparation techniques). 

Coating Glass Slides With Adhesives 

In order to optimize the adhesion of cells to the surface of the glass slide, coating adhesives 
can be used. They can also be prepared in the laboratory. 

Mayer's Albumin 

Mayer's albumin is available commercially or can be prepared in the laboratory as follows: Mix 
by stirring 1 volume 
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of fresh egg whites or reconstituted dried egg albumin (1 g of albumin per 20 ml of distilled 
water) with an equal volume of pure glycerol. Filter this mixture through damp muslin or coarse 
filter paper in an oven (55°-58°C). Add a few crystals of thymol or camphor to prevent growth of 
molds. Store this solution in small screw-capped bottles at a temperature of -4°C. The bottle of 
albumin currently in use must be refrigerated. 
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Figure 44-3 Chart to be used for the determination of centrifuge speed (revolutions 
per minute) at gravity 600. The scale on the left shows the length of the rotating radius in 
centimeters or inches. The central scale shows relative centrifugal force or gravities. The 
right scale shows centrifuge speed expressed as revolutions per minute. In the example 
given, a straight line intersects the rotating radius at 25 cm, or approximately 10 inches (A), 
and the centrifugal force at 600 gravity (B). An extension of this line shows 1 ,500 as the 
number of revolutions per minute for optimal centrifugation ( C ). 



Albuminized slides should be prepared one to several days before use to allow the slides to 
become tacky. Arrange the slides on a clean tray and, using a dropper, place a drop of Mayer's 
albumin on each one. With the fingertip covered 
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by a thin rubber cot, spread the albumin thinly and evenly over the entire slide, or lay another 
slide on top, rubbing the two slides together to obtain uniformly coated slides. Keep the coated 
slides in a dustproof area of the laboratory, in a closed slide box, or cover with wax paper. 



Gelatin Chrome Alum 

The adhesive gelatin chrome alum is superior to albumin for transferring cells from membrane 
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filters to glass slides; it may also be of use for routine slide preparation of poorly adhesive 
samples. As described by Adler (1978), the adhesive consists of 1 g of gelatin plus 0.1 g of 
chrome alum dissolved in 100 ml of distilled water, to which 1 ml of 10% thymol in ethanol has 
been added. Slides are dipped once, drained, their backs wiped off, and then allowed to dry. 
Slides are stored, as previously described, for albuminized slides. They may be stored for 
weeks. However, maximal cell adhesion has been reported if the solution is prepared one day 
prior to use. 

Poly-L-Lysine 

Poly-L-lysine is a potent cell adhesive that is particularly useful in experimental work (scanning 
electron microscopy) and in immunocytochemistry (Domagala et al, 1979, Huang et al, 1983). 

A0.1% stock solution of poly-L-lysine in deionized water (molecular weight 380,000) is 
commercially available from Sigma Diagnostics (Sigma-Aldrich Co., St. Louis, MO, 
www.sigmaaldrich.com; catalog no. P8920) The stock solution is diluted 1:10 or 1:0 in deionized 
water. Clean glass slides are placed in the diluted solution at room temperature for 5 minutes 
and are oven-dried. Dried slides are ready to use. The coated slides significantly improve 
adhesion of cells and tissues. Poly-L-lysine is easy to use and can be used as a universal 
coating agent. 

3-Aminopropyltriethoxysilane (3-APTES) 

Another excellent adhesive is 3-aminopropyltriethoxysilane (3-APTES), also from Sigma 
Diagnostics (www.sigmaaldrich.com, catalog no. A3648). The compound adheres to glass and 
binds to cell surface. A2% solution of 3-APTES in acetone is prepared. The solution may be 
used to coat clean slides, as described above, but may also be used to better attach cells and 
tissues to slides in archival material (Rule et al, 1989). We successfully used this compound in 
an in situ hybridization procedure of archival cervical smears with DNA biotinylated probes of 
human papillomavirus (Liang et al, 1991). 

Shaklee Basic H and Surgipath Sta-on 

Johnson et al (2000) developed a solution that simultaneously cleans the slides and coats them 
with a uniform layer of adhesive at a fraction of the cost of commercial adhesives. It uses a 1 :9 
mixture of Shaklee Basic H and Surgipath Sta-On. Astock solution with a shelf life of at least 1 
year is prepared by mixing 10 cc Shaklee Basic H (Shaklee Corporation, Pleasanton, CA) with 
90 cc Surgipath Sta-On (www.Surgipath.com, catalog nos. 03105 and 03107). The working 
solution, which is good for 1 week, consists of 20 cc of stock solution and 480 cc deionized 
water. Slides are dipped in the solution and air-dried. 

Processing of Sputum, Bronchial Aspirates, and Other Mucus-Rich Samples 

Mucoid samples present unique challenges. Concentration of cells by centrifugation is not 
possible because of high viscosity. To increase diagnostic yield, alternative methods, such as 
the "pick and smear” technique, Saccomanno's technique (mechanical homogenization), and a 
variety of chemical homogenization procedures, have been developed. 

A variety of methods using DTT homogenization (see below) seem economical, simple and 
easily adaptable for routine processing. One such method is described as follows. 

Dithiothreitol (DTT) Mucus Liquefaction 

■ DTT Solution: 0.2% DTT (www.sigmaaldrich.com, catalog no. D0632) in 60% ethanol and 
3% Carbowax. 

■ If the sample is fresh: add twice the volume of DTT solution. For example, to 5 cc of 
sputum, add 10 cc of DTT. Thoroughly agitate sample with a vortex mixer. Let stand at room 
temperature for 30-60 minutes vortexing periodically. Centrifuge sample, prepare slides by 
the method of your choice, allow slides to air dry, and stain as usual. 

■ If sample is fixed: Centrifuge sample, pour off supernatant and prepare as described above. 

“Pick and Smear” Technique of Sputum Processing 

This technique is applicable to fresh samples or samples prefixed in 50% alcohol (Fig. 44-4). 
The selection of bloody or solid particles is critical in correct processing of sputum. To select 
such particles, the sputum must be carefully inspected. This may be done by pouring the 
specimen into a Petri dish and examining it against a black background. Excellent results may 
be obtained by pouring sputum specimens on two or three thicknesses of brown paper 
toweling. The paper toweling absorbs most of the fluid portion of the specimen and allows the 
selection of particles. Sputum is often difficult to transfer to slides in small amounts because of 
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its viscous, ropy consistency. The use of two specially-designed curet-type instruments, nasal 
curets (see Fig. 44-1 ), or applicator sticks, one in each hand, is required. 

■ Select any bloody, discolored, or solid particles, if present, and place a small portion of each 
particle, not larger than the size of a small pea, on each of four plain slides. With a clean 
glass slide, crush the particle of sputum on each of the four slides, using a rotary motion. 

Then, with overlapping horizontal strokes, spread the material evenly over the slide so that 
the final preparation is only slightly thicker than a blood smear. Place the prepared slides 
immediately in a Coplin jar with 95% ethyl alcohol fixative, or its equivalent (see Table 44- 

1 ), making sure that the smeared surfaces remain separated by paper clips. In the absence 
of particles, sputum samples from 
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at least four different portions of the specimen must be smeared. 

■ If cell blocks are to be prepared, save the part of the specimen remaining after preparation of 
smears and proceed as outlined below. 




Tang et al (1995) compared the sensitivity of the “pick and smear” method to the 
homogenization of the specimen with Dithiothreitol (DTT) (www.sigmaaldrich.com, catalog no. 
D0632). In their study, the relative sensitivity of detecting positive cases by the DTT method 
was 98.8% compared with 80.0% by the “pick and smear” method, a statistically significant 
difference in detection rates. 

Saccomanno's Technique 

■ To a sputum specimen received in Saccomanno's fixative (Fig. 44-5), described above, add 
sufficient Saccomano's fixative to make a total volume of 50 ml. If specimen is received in 
50% alcohol, add a sufficient amount of Saccomanno's stock solution to achieve a final 
concentration of approximately 2% Carbowax; for example, to 45 to 50 ml of specimen, add 4 
ml of Saccomanno's stock solution and mix well. Specimen should remain in this fixative 
approximately a half hour before processing. 

■ Pour the specimen into a semi-micro container (Cardinal Health, www.cardinal.com; 
Container, Semi-Micro Stainless Steel, Eberbach, catalog no. S8395-1) and blend in a 
Waring Blender (Cardinal Health, www.cardinal.com; Stirrer, Blender, 2 speed, Waring, 
catalog no. S8346-1) at high speed for 5 to 10 seconds. Container should remain capped 
during blending. If one prefers, blending can be avoided by adding a mucolytic agent, such 
as Sputolysin (Caldon Biotech, Inc, Carlsbad, CA) or Dithiothreitol (DTT) to the fixed 
specimen. Further processing of the sample is the same for blended or not blended 
specimens. 

■ Pour blended specimen into a 50-ml test tube. If flecks and fine threads are still visible, return 
to blender for an additional 5 to 10 seconds. Cells are not damaged unless specimen is 
blended excessively. 

■ Centrifuge specimen for 10 minutes at rpm determined for your centrifuge (see above). 
Decant supernatant, leaving a few drops of fluid to mix with the granular, pale sediment. 
Resuspend sediment by agitating the tube on a vortex mixer (Cardinal Health, www.cardinal 
.com; Maxi Mix Plus Mixer, catalog no. S8248-6). 



Prepare smears by placing a few drops of the resuspended sediment in the center of a clean 
slide. The number of drops depends on the consistency of the sediment: use only one to two 
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drops if the sediment is thick; use two to four drops if the sediment is thin and watery. Place 
a second, clean slide over the material and allow it to spread evenly between the two slides. 

Gently pull the slides apart with an easy sliding motion. 

■ Allow slides to air-dry until ready for staining. Smears may be stored for months in this 
condition without adverse effects. As with coating fixatives, the slides should be rinsed in 
95% alcohol for at least 10 minutes before staining to remove the Carbowax. Failure to 
rinse the slides properly will impede the stain's penetration of the cell, alter the staining 
results, and contaminate the staining solutions. 

■ We have found it useful to use three semi-micro containers on rotating bases. After the first 
specimen is blended and poured into a centrifuge tube, the semi-micro container is filled with 
a 1:10 dilution of household bleach (sodium hypochlorite) for cleaning purposes and allowed 
to stand while the second container is being used for the next specimen. The second 
container is used and then filled with bleach while the first container is emptied of bleach and 
placed under a faucet of hot running water. The third container is used for the third specimen 
and filled with bleach while the second container is put under running water and the first 
container is ready to use again. Many laboratories use only one container and just rinse it 
well under running water between samples. 
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Precautions 

Harris, in a letter to the editor (1977), quotes a personal communication dated September 28, 

1976, from J.E. Forney, Bureau of Laboratories, Centers for Disease Control, Atlanta, Georgia: 

[T]he household blender has been shown to be one of the most hazardous pieces of 
equipment used in the laboratory in terms of production of potentially infectious 
aerosols. The blending step should be carried out in a safety-type blender which has been 
properly checked and maintained to prevent any leakage. Even when using the safety-type 
blender container, it should not be opened for at least one hour after the blending operation has 
been completed, because it takes that long for the infectious aerosols to settle in the 
atmosphere within the blender jar. The alternative would be to place the blender in a negative 
pressure cabinet which has an airflow velocity across the face of the cabinet of at least 75 
linear feet per minute. 

Saccomanno stated in a letter to the editor (1977): 

[W]e have not experienced any infection in our laboratory utilizing this technique on over 
125,000 specimens. We are aware that our area is not endemic for tuberculosis or fungal 
diseases. Also, we have added 3 mg of Rifampin to each fixative bottle with the understanding 
that this may be helpful and that a similar amount can be added to the specimen on arrival in 
the laboratory before preparation. Finally, a negative pressure hood should be used when 
possible. 

Saccomanno (personal communication, August 1990) believes that blending pulmonary 
secretions poses no undue risk of exposure to the AIDS virus. His laboratory continues to blend 
samples under a negative-pressure hood, and his technologists wear gloves during the 
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Preparation of Rifampin Solution 

■ Empty the contents of a 300-mg capsule of Rifampin (Rifadin, Aventis Pharmaceuticals, or 
Rimactane, CIBA Pharmaceutical Company, Division of Novartis, Summit, NJ) into 100 ml of 
50% ethyl alcohol and blend at high speed in Waring blender. One ml of Rifampin solution 
should be added to each 50 ml of fixative just before it leaves the laboratory for distribution to 
patients or hospital wards. 

■ As an added precaution, add another milliliter of Rifampin solution to each specimen of 
sputum returned to the laboratory and let stand for 24 hours before processing. 

Molecular Analysis of Sputum Samples 

To determine the method best suited for use with polymerase chain reaction (PCR), Tockman et 
al (1995) compared the efficacy of mucus liquefaction with a variety of chemicals to the 
mechanical blending utilized by Saccomanno's technique. Using samples with known cell 
counts, the study showed a widespread loss of cells after mechanical mucolysis with a blender 
whereas there was an increase over baseline in cellularity of chemically homogenized samples. 

DTT was the most effective of the mucolytic chemicals studied. Homogenization with low- 
concentration DTT produced mucus-free monolayers, without background staining suitable for 
immunocytochemistry and single cell suspensions suitable for flow cytometry. 

Pleural, Peritoneal Effusions, and Other High-Protein Fluids 
Fresh Specimens 

1 . Pour specimen into 50-ml centrifuge tubes with screw cap and centrifuge for 1 0 minutes at 
recommended (usually 600) rpm (Fig. 44-6). 

2. Pour off the supernatant. If there is only a small cell button, the tube should be inverted on 
paper toweling or gauze and allowed to stand until it is well drained. This prevents dilution of 
the sediment with the supernatant that runs down the sides of the tube. However, watch 
closely to prevent loss of the cell button on the paper toweling. Excess protein and blood 
coating the cells can interfere with the staining reaction. Washing the sediment once or twice 
with a balanced salt solution at this point will markedly improve the quality of the stain. If the 
sample is very bloody, the centrifugation may produce a buffy coat containing leukocytes and 
mesothelial and tumor cells, which may be observed above the layer of red blood cells. In 
order not to disturb the buffy coat, a Pasteur pipette can be used to remove all the 
supernatant. Under these circumstances, direct smears of the buffy coat may be obtained 
with excellent concentration of cells (see below for other methods for dealing with bloody 
fluids). 

3. Transfer the sediment or buffy coat to a clean glass slide. Most well-drained sediments 
adhere well to clean slides; however, albuminized slides may be used. The following two 
methods are most frequently used for preparation of slides. 

A Place one to two drops of sediment on a slide by means of a disposable glass pipette or 
an instrument such as a nasal curet (see Fig. 44-1). Place a second clean slide over the 
sediment and allow it to spread evenly between the two slides. Gently pull slides apart 
with an easy sliding motion. Fix immediately by dropping slides into 95% ethyl alcohol or 
its equivalent (see Table 44-1 ). Uneven cell distribution ("ribbing effect”) will occur if a 
smooth continuous motion is not used when immersing the slides in alcohol. 

B. Use a bacteriology wire loop to remove the sediment. Move the loop quickly in a 

longitudinal, then horizontal direction over the surface of the slide. Immediately fix slide as 
described above. 

Clotted Specimens 

Fluids high in protein or bloody fluids that were not collected in an anticoagulant may form clots. 

Clots may be gently twisted or pressed against the side of the container by means of a wooden 
stick to wring out the fluid and trapped cells. The fluid should be processed as described above 
and the remaining clot processed as a cell block. 
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Figure 44-6 Preparation of smears from body fluids. 



P.1583 



Bloody Fluids 

Smears may be prepared as described for fresh specimens. However, erythrocytes may 
obscure the epithelial cells on smears made from excessively bloody fluids. It is also difficult to 
concentrate the epithelial cell component in such fluids. 

Several methods are available for handling bloody samples, such as flotation techniques to 
separate the erythrocytes from other cellular elements (see below): hemolyzing the erythrocytes 
before slide preparation, lysing them after slide preparation, and lysing them after the slide has 
been stained. 

Methods of Erythrocyte Lysis Prior to Slide Preparation 

Lysing erythrocytes prior to slide preparation results in smears that are easier to interpret 
because of better recovery of epithelial cells. Older methods of erythrocyte hemolysis include 
addition of one of the following to 50 ml of sample: 1 ml of glacial acetic acid, or a few drops of 
a special hemolyzing agent such as Lyse Sill used with the Coulter counter, or 0.1 normal HC1 
until a uniformly brown color appears. Unfortunately, the older techniques may cause 
unacceptable changes in morphology of cells. 

Newer methods, using proprietary commercial agents, developed for use with automated 
cytology systems, are now available. These agents not only lyse the red blood cells but also fix 
the other cellular elements. Two such fixatives are CytoRich Red (Tripath Imaging, Inc., 
Burlington, NC) and CytoLyte Solution (Cytyc Corporation, Marlborough, MA). Workers have 
recommended adding as little as 1 ml of fixative per 25-50 ml of sample. Some recommend 
equal volumes of fixative and sample. After letting the mixture sit for a few minutes, the sample 
is centrifuged, the supernatant poured off, and slides prepared by the usual method used in the 
laboratory. Alternatively, the solution can be added to the bloody sediment after centrifugation 
and the sample re-centrifuged after lysis of the erythrocytes. 

Method of Erythrocyte Hemolysis after Slide Preparation 

Weidman et al (1999) recommend the use of CytoRich Red Fixative (TriPath Imaging, Inc, 
Burlington, NC) for lysing erythrocytes on a bloody smear. The method involves immediately 
dropping the bloody smear into CytoRich Red just as if one were fixing it in ethanol. After 30 
seconds, the slide is transferred to 95% ethanol and processed as usual. When compared to 
simultaneously prepared bloody smears not treated with CytoRich Red, there was no 
appreciable cell loss and the staining characteristics of cells were not altered. 

Pieslor et al (1979) recommend the following method, which is suitable for both stained and 
unstained slides. The hemolyzing agent is a 2M urea solution that can be prepared by 
dissolving 120 g of powdered urea (JT Baker Chemical Co, Phillipsburg, NJ) in 1 liter of 
distilled water. After a minimum 5 minutes of fixation in 95% ethanol, bloody smears are placed 
in a Coplin jar containing the urea solution for 20 to 30 seconds, then transferred back to the 
ethanol fixative and stained routinely. To lyse cells from stained slides, remove coverslip and 
take slides back through xylene and alcohol to water. Place slide in urea for 5 to 10 minutes, 
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Carnoy's fixative can also be used to lyse erythrocytes before and after a slide has been 
stained (see above). 

Prefixed Fluids 

Prepare slides as described under fresh specimens; however, the use of albuminized or 
adhesive-coated slides is essential. 

Bronchial, Gastric, and Other Washings Collected in Normal Saline Solution 

1 . Pour washings into 50-ml plastic screw-cap centrifuge tubes and centrifuge for 1 0 minutes at 
predetermined (usually 600) rpm. 

2. Pour off supernatant. If the sediment is very mucoid, smears may be prepared as described 
for sputums and bronchial aspirates (see Fig. 44-4). Sediment that contains only a small 
amount of mucus can be prepared by the two-slide pull method described for high-protein 
fluids (see Fig. 44-6). If the sediment has no visible mucus, it should be prepared as 
described for urine sediment (see below). The Saccomanno technique may be used by 
centrifuging the washing for 10 minutes at the proper rpm, discarding the supernatant, adding 
50 ml of Saccomanno's fixative to the sediment, and letting it stand for 2 hours. The slides 
are then hand-prepared as described in steps 2 through 7 of the Saccomanno technique for 
sputums (see above). If the bronchial washing is collected in Saccomanno's fixative, steps 1 
through 7 of the same procedure may be used. 

Urine, Cerebrospinal Fluid, and Other Protein-Poor Fluids 

A variety of methods has been developed to deal with the unique characteristics of fluids with 
low cellularity and low protein content. Cytocentrifuge preparations, membrane filters, Leif 
buckets, and direct smears from the sediment yield adequate preparations, if specimens are 
handled with care. In our laboratory, a combination of cytocentrifuge and direct smears of the 
sediment is used. Prevention of cell loss and satisfactory preservation of morphologic detail are 
the two goals of the procedure. Cell loss may be substantial if slides are wet fixed in alcohol. 
Beyer-Boon and Voorn-den Flollander (1978) estimated the loss to be from 74% to 98%. With 
the semi-automated technique developed in this laboratory (Bales, 1981), the cytocentrifuge 
preparations using Shandon Cytospin I (Thermo Electron Corporation) resulted in cell-rich 
monolayer preparations of excellent morphologic quality. The Bales method is applicable to 
urine, cerebrospinal fluid, and other specimens with a low cell and protein content. 

Likewise, the smears made directly from the sediment are generally rich in cells and exhibit 
outstanding cellular detail. 
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Bales Method (Acta Cytoi 25: 895-899, 1981) 

Materials required: 

1. Carbowax1540 

2. Ethanol (95% solution) 

3. Oxford Series P-700 Micropipetting with one pipette each of capacities 3 pi, 50 pi, and 200 pi 
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and plastic disposable tips suitable for the system chosen 

4. Repipet dispenser of 1-ml capacity 

5. Repipet dispenser of 5-ml capacity 

6. Maxi Mix Plus Mixer (Fisher Scientific, catalog 12-815-18, www.Fishersci.com) 

7. Plastic test tubes of 50-ml capacity 

8. Clean glass slides 

Preparation of Carbowax Stock Solution 

Carbowax 1 540 is solid at room temperature, with a melting point of 43° to 46°C. To avoid the 
necessity of melting it whenever the fixative is needed, a stock solution of Carbowax can be 
prepared as follows. Pour 500 ml of water into a 1 ,000 ml graduated cylinder. Melt the 
Carbowax in an incubator or hot-air oven at 50° to 1 00°C. Add 500 ml of the melted Carbowax 
to the graduated cylinder. This mixture will not solidify and can be stored in a liter screw cap 
bottle. 

Preparation of 2% Carbowax Solution in 70% Ethanol 

A liter of 2% Carbowax fixative in 70% ethanol is prepared by mixing 223 ml of water, 737 ml of 
95% ethyl alcohol, and 40 ml of the water-based stock solution of Carbowax. 

Preliminary Preparation of Sample 

The preliminary preparation of a sample is carried out in the following steps (Fig. 44-7), using 
fresh urine or urine prefixed in an equal volume of 50% ethanol: 

1 . Centrifuge 50 ml of the sample for 10 minutes at 600 g. 

2. Pour off the supernatant and invert the centrifuge tube on paper toweling to drain the 
sediment well. 

3. Using a Vortex mixer, briefly agitate the well-drained sediment. 

4. Proceed to cytocentrifuge or smear preparations as desired. 

* 

Preparation of Cytocentrifuge Slides 

To prepare slides by cytocentrifugation, use the following steps (Fig. 44-8): 

1 . Aspirate precisely 3 pi of the sediment obtained in the preliminary preparation of the sample. 

2. Expel the sediment into a test tube containing 400 pi of 2% solution of Carbowax into alcohol 
(Test tubes can be filled in advance using a repipette set to dispense 400 pi of fixative. 

These tubes must be stored in the refrigerator until needed). 

3. Briefly agitate the mixture on a Vortex mixer to prevent formation of cell aggregates. 

4. Aspirate 200 pi with an automatic pipette and place in a cytocentrifuge chamber. 

P.1585 

5. Repeat step 4 and place the remaining 200 pi in the opposed cytocentrifuge chamber. 

6. Spin for 5 minutes, remove slides, and allow them to air-dry for 10 to 30 minutes in a dust- 
free environment. 

7. Rinse slides in 95% alcohol for 10 minutes prior to staining. 



1 
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Figure 44-8 Bales' method of preparation of voided urine sediment for cytologic 
examination by cytocentrifugation (see Figs. 44-7 and 44-9). 



Preparation of Smears 

Smears may be prepared from the sediment as follows (Fig. 44-9): 

1 . Add 3 to 5 ml of the 2% Carbowax solution to the sediment obtained in the preliminary 
preparation of the sample and agitate on a Vortex mixer. 

2. Let stand in a vertical position for 10 minutes and, thereafter, centrifuge at 600 g for 10 
minutes. 

3. Pour off the supernatant and drain the sediment as described in step 3 of the preliminary 
preparation of sample. Agitate the sediment on the Vortex mixer. 

4. Aspirate 50 pi of the sediment by means of an automatic pipette and place on a clean glass 
slide. Lay second clean slide on top of the sediment and let the sediment spread 
spontaneously between the two slides. Pull the slides apart with a gentle gliding motion. 
Place the two slides with the gray sediment face up and let them air-dry for 10 to 30 minutes 
in a dust-free location. Rinse the dry slides for 10 minutes in 95% ethanol prior to staining. 

Results 

Cell-rich, yet flat, monolayer cytocentrifuge preparations of urine and cerebrospinal fluid were 
routinely obtained by the use of this method. The epithelial cells, whether benign or malignant, 
were exceptionally well preserved. There was virtually no overlapping of cells. Minimal drying 
artifacts were occasionally observed in polymorphonuclear leukocytes. The method provided 
sufficient detail for it to be used routinely in image analysis of sediments of voided urine with 
excellent results (Koss et al, 1984, 1985, 1987; Sherman et al, 1986). Examples of the results 
are shown in Chapters 22 and 23. Equally good results were obtained in cerebrospinal fluid 
(see Chap. 27). 

The method is highly recommended and can be executed by technical personnel with minimal 
training and experience. 

CYTOCENTRIFUGATION 

A cytocentrifuge is a device that spins cells in a fluid suspension directly onto a glass slide. 
Since the introduction of the Cytospin I by Thermo Electron Corporation, other instruments 
have been developed with slightly different features. Following the guidelines and procedures 
recommended by the manufacturer of the instrument usually results in excellent cytologic 
material. 

Cytocentrifuges 
Shandon Cytospin II and III 

Newer Cytospin models (Thermo Electron Corporation, www.thermo.com) have features that 
increase cell recovery. The Cytospin II and III form an air bubble between the sample and the 
slide which increased cell recovery rates when compared to the Cytospin I. Also available is a 
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Megafunnel for use with the Cytospin II or III, which allows the processing of up to 12 times the 
sample volume (6 ml) and 
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deposits the cells over an area 10 times larger than the cell deposition area of Cytofunnel. The 
Megafunnel is designed for highly cellular samples such as effusions, bronchial washings and 
sputums. 




Figure 44-9 Bales' method of preparation of smear of voided urine sediment for 
cytologic examination (see Figs. 44-7 and 44-8). 



I/Zescor Cytopro 

Wescor Cytopro (Wescor, Inc, Logan, UT) is an economical, easy to use, 8-chamber, stand- 
alone cytocentrifuge. Wescor also has an automated cytology slide Stainer that can deliver 160 
stained slides per hour. Since each slide is stained individually, there is no possibility of cross 
contamination and no filtering of reagents is necessary. This Stainer can be converted to a 
cytocentrifuge by adding the Cytopro rotor. 

Hettich Cytocentrifuge 

The Hettich Cytocentrifuge (Andreas Hettich Co, Tuttlingen, Germany) has 8 ml chambers that 
resemble a flat bottom test tube. It deposits cells on the slide in a circle 17.5 mm in diameter. 
Because of its comparatively low cost, ease of operation and reusable chambers, some 
workers recommend this instrument for liquid-based gynecologic cytology as well as for 
nongynecologic material. 

Leifs Centrifugal Cytology Buckets 

An excellent method that, unfortunately, never received wide acceptance, was a bucket method 
wherein cells suspended in small amounts of fluid, for example, in cerebrospinal fluid, could be 
spun directly onto glass slides. The method was developed by Leif (1975) and was marketed 
by Coulter Electronics (Coulter Electronics, Inc., Hialeah, FL [now Beckman Coulter, Fullerton, 
CA]). The 8-chamber bucket, which can be adapted with almost any laboratory centrifuge, 
allows simultaneous processing of three samples. The manufacturer provides detailed 
guidance on the use of the bucket. This author has no personal experience with the method; 
however, review of slides prepared in this manner exhibited excellent cytologic detail with 
uniform cell distribution. The cells are wet-fixed during centrifugation, thereby avoiding air- 
drying artifacts. 

Optimal Use of a Cytocentrifuge 

Major objections to the use of the cytocentrifuge include distortion of cellular morphology due to 
air-drying artifact and loss of cells by absorption of fluid into the filter card. Both of these 
difficulties have been overcome with the newer techniques described. The rare drying artifact of 
polymorphonuclear leukocytes rarely affects epithelial cells; hence, the diagnostic value of the 
preparation is not reduced. During the developmental stages of the Bales Method, the 
quantification of sediment necessary to achieve a monolayer cytocentrifuge preparation was 
studied by flow cytometry. The particle counts obtained in this manner proved to be of no 
assistance in achieving the goal. After considerable trial and error, it was determined that the 
volume of sediment, rather than the particle count, was crucial to achieving cytocentrifuge 



2774 / 3276 



44 - Laboratory Techniques 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 

preparations with minimal overlap of cells and satisfactory morphologic characteristics. The 
precise amount of sediment (3 pi) obtained by means of an automated calibrated pipette has 
consistently resulted in monolayer cytocentrifuge preparations. Our procedure was developed 
using the Cytospin I. In 1981, Shandon introduced the Cytospin II with slightly different features, 
one of which is the automatic 
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formation of an air bubble between the cell suspension and the slide. Recovery rates from the 
Cytospin II were consistently twice as high as those with the Cytospin I (Boon et al, 1983). 

When, however, the air bubble was deliberately introduced into the chambers of Cytospin I, the 
recovery rates were similar. 

Because of the increased cell recovery with newer model centrifuges, the volume of sediment 
must be reduced in order to achieve a monolayer. We recommend experimenting with different 
volumes of sediment to determine the optimal volume needed to produce a monolayer for the 
cytocentrifuge used in your laboratory. 

Not only is the volume of sediment critical to producing a monolayer of cells, but the amount of 
diluent is important. Grover, Blee, and Stokes (1995) compared cell recovery using the Wescor 
Cytopro (Wescor, Inc, Logan, UT) and Shandon Cytocentrifuge II (www.thermo.com). Fixed cell 
numbers were suspended in varying amounts of diluent so that, regardless of the amount of 
fluid placed in the chamber, the number of cells per chamber remained the same. 

As the volume of fluid increased, the fractional recovery of cells increased from 10% to 100%. 

The distribution of cells on the slide also improved with the higher volume of fluid. Deposition of 
the cells at the periphery (bull's-eye effect) was eliminated as fluid volume increased. 

The sample volume required per chamber was between 200 to 500 pi in both high and low 
cellularity samples. Whether re-suspending cells in a diluent or using unspun samples, it is 
important to bring the volume up to at least 200 pi per chamber. In the case of low cellularity 
samples, such as cerebral spinal fluid, it is especially important, since one can ill afford the loss 
of cells. 

Precaution: If reusable chambers are used after processing Carbowax-treated samples, the 
sample chamber should be washed thoroughly, not just soaked in a disinfectant. Chambers that 
are merely rinsed and allowed to dry, even after weeks of disuse, can contaminate other 
specimens with residual well-preserved cells from previous runs. Washing the chambers with a 
small brush or soaking them in bleach usually prevents this from occurring. Alternatively, the 
chambers can be sterilized with boiling water or autoclaved at a maximum temperature of 
120°C, or they can be cleaned with a chemical sterilizing agent. 

FILTERS 

The use of membrane filters for the concentration of cancer cells suspended in fluid was 
introduced by the late Dr. Sam H. Seal of Memorial Sloan-Kettering Cancer Center. Gelman, 

Millipore, and Nuclepore, are the trade names of the most commonly used filters. Each filter has 
different physical, chemical, and optical properties and must be handled differently to obtain 
optimal results. 

Gelman and Millipore filters are made of cellulose, are approximately 140 pm thick, and are 
opaque white in appearance, until cleared in xylene and mounted in a mounting medium with a 
similar refractive index. The Nuclepore is a colorless, transparent membrane 10 pm thick, made 
of polycarbonate. Rectangular sheets (19 x 42 mm Millipore and Nuclepore, 17 * 42 mm 
Gelman), 25-mm disks, and 47-mm disks that can be cut in half to make two slides, are 
available. The pore diameter most frequently used for cytologic preparation is 5 pm. 

The materials needed, specimen requirements, and method of filtration are essentially the same 
for all three types of filters. The major differences are related to staining and the mounting of 
the filters. 

Materials needed: 

1. Membrane filters 

2. Filter holder to fit membrane to be used 

3. Vacuum flask, tubing, and a three-way stopcock 

4. Vacuum source with regulator and gauge 

5. Forceps (nonserrated) 

6. Balanced salt (electrolyte) solution, such as Flanks' balanced salt solution, or Abbot's 
Normosol. Normal saline solution is frequently used but is reported to cause nuclear and 
cytoplasmic distortion. 
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7. Petri dishes 

8. 95% Ethyl alcohol 

9. Bail-point pen with indelible ink 

Specimen Requirements 

For best results, the specimens should be collected fresh. Prefixation coagulates proteins that 
may clog the filters and harden the cells into spherical shapes, preventing flattening of the cells 
on the membrane's surface. 

With the exception of urine specimens, small-volume and clear fluids may be filtered directly 
without prior centrifugation. Urine contains salts that are in solution at body temperature but that 
may precipitate when the urine cools to room temperature. Even though the urine appears 
grossly clear, these salts may clog the filters. Body cavity fluid specimens also contain debris 
and protein that may clog the filters. Therefore, urine samples, body cavity fluids, and other 
voluminous fluid samples should be centrifuged for 10 minutes at the recommended rpm; the 
supernatant is poured off; and the sediment resuspended in a balanced salt solution. Centrifuge 
this sample again and carefully pour off the supernatant. Once washed, cells do not adhere 
well to the centrifuge tube. Mix sediment with the small amount of balanced salt solution that 
runs down the side of the tube. The sample is now ready for filtration. 

Mucoid specimens must be liquefied by use of a mucolytic agent, such as described above, or 
by blending as described in the Saccomanno technique. The specimen should then be 
centrifuged and washed as described above. 

Filtration Procedures 

1 . Label Millipore and Gelman filters with indelible ink to identify patient and the cellular side of 
the filter (Fig. 44-10). Nuclepore filters may be marked with a hard lead pencil. If a 47-mm 
filter is used, the left and right sides should be labeled since the filter will be cut in half. 
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2. Pre-expand Millipore and Gelman filters in a Petri dish filled with 95% ethyl alcohol for 10 to 
15 seconds. This prevents wrinkling of the filter when refixed in alcohol. Moisten Nuclepore 
filters in a Petri dish filled with a balanced salt solution. 

3. Moisten the grid of the filter setup with balanced salt solution. Using nonserrated forceps, lay 
the pre-expanded or premoistened filter on the grid, label side up. 

4. Place the funnel on top of the filter. Do not clamp funnel to base. Add 15 to 20 ml of balanced 
salt solution to funnel and start the vacuum. The filter will be flattened by allowing a portion 
of the salt solution to pass through the filter. Stop the vacuum at this point and clamp the 
funnel to the grid. 

5. Add 50 to 100 ml of balanced salt solution to the funnel. By means of a disposable pipette, 
add one to two drops of the sediment to the solution in the funnel. 

6. Start vacuum (up to 100 mm of Hg for Millipore and Gelman filters and up to 20 mm of Hg for 
Nuclepore filters). As the specimen filters, add balanced salt solution from a squeeze bottle to 
rinse filter well. The stream of the squeeze bottle should be directed against the sides of the 
funnel to minimize aerosol sprays and to prevent disturbance of the cells on the surface of 
the filter. Stop the vacuum as soon as the flow of liquid begins to slow down. The filter 
should appear to be clean. Red blood cells will give the filter a reddish hue. To lyse these red 
blood cells, add a few milliliters of 50% ethanol. If the filter is not overloaded, it will change 
from red to white. If the filter appears clean, add more salt solution and restart vacuum until a 
small amount of solution remains. The surface of the filter should always be covered with 
fluid, and not merely moist or wet-looking. Never permit the fitter to dry. 

7. Add 20 to 30 ml of 95% ethanol to fix the cells in situ. After 1 minute, carefully restart the 
vacuum to pull the 
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fixative through the filter. Stop the vacuum when a small amount of alcohol still remains to 
cover the filter. 

8. Unclamp the funnel, remove the wet filter with a nonserrated forceps, and place the filter, cell 
side up, in a Petri dish with 95% ethanol. The filter is ready for staining after remaining in 
fixative for one-half hour (see below for special staining and mounting requirements). 

9. Place funnel, forceps, and grid in disinfectant solution. 
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Figure 44-10 Method of filter preparation (for details see text). 



Filters are excellent means of recovering cells from sparsely cellular specimens; however, we 
do not recommend their use for effusions. To ensure good cytomorphology, the limitations and 
advantages of the different filters must be understood. Careful attention to the chemical, 
physical, and optical properties of the filters will maximize their efficiency and minimize their 
limitations (Table 44-4). 

The methods of staining, mounting, and dissolving filters are described below. 

Methods of Transferring Cells From Filters to Glass Slides 

Monolayer imprint smears can be prepared from filter preparations and stained as usual. Volet 
described a technique of transferring prefixed cells from filters to glass slides in 1 965. The use 
of cold slides was essential to ensure good adhesion of the cells to the slide. Asimilar 
technique using frozen slides without any coating adhesive was described by Boccato in 1981 . 
Sarkar and Kyriakos (1995) obtained excellent results by spraying the undersurface of slides 
kept at room temperature with a commercial cryofixative (Frostbite, Surgipath Medical Industries 
Inc, Richmond, IL), placing the filter cell side down and applying firm but gentle pressure to filter 
paper placed on top of the slide. The slide was immediately fixed in 95% ethyl alcohol. Cell loss 
was minimal and cells were deposited in a concentrated area within a clean background. Cell 
preservation and cytologic detail were excellent. 



TABLE 44-4 EFFECTS OF VARIOUS COMMON CHEMICALS ON FILTERS 







Little or 




May Dissolve 






No Effect 


Some Effect 


or Deform 






Chloroform 








— 


Formalin 




Acetone 


Millipore 
Filter ' 




100% 

Isopropanol 


95% Ethanol: Swells 


Methanol 




L 


Xylene 




100% Ethanol 
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100% 2- 

Propanol 

Formalin 



Celman 

Filter 



100 % 2 - 
Propanol 

100% 95% Ethanol: Swells 

Isopropanol 

Xylene 

_ 100 % 

Methanol 



100 % 

Ethanol 

Formalin 



Chloroform 



Acetone 



100 % 2 - 
Propanol 



Nuctepore 

Filter 




100% Xylene: Curls if left longer Chloroform 

Isopropanol than 10 to 15 min. 



100 % 

Methanol 

100 % 

Ethanol 



95% 

Ethanol 



Cyto-Tek MonoPrep Manual Filtration System 

The Cyto-Tek MonoPrep (www.emsdiasum.com) is a simple liquid-based slide preparation 
method that does not require a major capital expense. The system consists of vials containing a 
preservative with mucolytic action, a syringe, a housing assembly with proprietary filter, and a 
fixative used for slide preparation. Specimens may be collected in the preservative or the 
preservative may be added to fresh samples in the laboratory. Fine needle aspirations 
performed by clinicians can be expelled into the preservative for transport to the laboratory. 

Briefly, the procedure consists of attaching the syringe housing the filter to the collection vial, 
pulling back the plunger until it locks, waiting for the fluid to stop flowing into the chamber 
(which occurs when the filter is covered with cells), placing the filter cell side down on a glass 
slide, applying fixative, blotting the filter, peeling the filter from the slide and fixing the slide in 
95% alcohol. A monolayer of cells is deposited within an 18 mm diameter circle. Background 
material such as blood, inflammatory debris and mucus are eliminated. According to the 
manufacturer, the Cyto-Tek MonoPrep system is equivalent to automated systems and 
consistently produces slides with cells that exhibit optimal morphology with crisp nuclear detail, 
and preserves the architectural features of small cell aggregates. 

P.1590 



LIQUID-BASED AUTOMATED PREPARATIONS OF NONGYNECOLOGIC 
SAMPLES 

The use of automatic monolayer devices for the preparation of nongynecologic material is 
becoming popular. These instruments were originally developed to prepare slides from 
gynecologic material for automated screening systems. AutoCyte Prep, now called SurePath 
(TriPath, Inc), and the ThinPrep Processor (Cytyc Corp) have both been approved for 
preparation of nongynecologic material. See above for a description of these devices. Many 
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workers endorse their use, rating the slides superior to slides made by less expensive 
conventional techniques. Other investigators refute the findings of improved quality and 
adequacy, contending that diagnostic accuracy may be adversely affected by cell shrinkage, 
dispersion or clustering caused by the automated preparation devices. 

It is interesting to note, that while the debate continues over the efficacy of these instruments 
over conventional preparatory methods, another debate is in progress over the efficacy of 
purposely allowing slides to air dry and rehydrating them in saline as opposed to conventional 
wet fixation methods. The artifact produced by the air drying method is opposite to that of the 
liquid based systems which causes cells to shrink, in that cells are enlarged and exhibit better 
morphologic features. Proponents of both methods use such adjectives as “exquisite cytologic 
detail,” “superior cytomorphology,” “improved cytologic detail,” and “preferred by 
cytotechnologists.” These, and all methods of preparation, produce unique artifacts. Which 
method is used is usually a matter of personal preference and experience. We suggest that 
specimens be prepared by the same method within each laboratory so that a firm set of criteria 
can be established. We do not recommend one method over another; however, we do believe 
that when a procedure adds substantial costs, such as that associated with automated devices, 
continued unbiased investigation must be undertaken to justify their use over older and proven, 
much less expensive cytopreparatory procedures. For comments on processing of FNAs, see 
Chapter 28. It has been proposed that residual material collected by the ThinPrep method can 
be processed as cell blocks (Keyhani-Rofagha and Vesey-Shecket, 2002; Akpolat et al, 2004). 

PREPARATION OF CELL BLOCKS 

Cell block technique or paraffin embedding of sediments of fluids is among the oldest methods 
of preparing material for microscopic examination. The method uses histologic techniques for 
processing and thus offers one major advantage: multiple sections of the same material may be 
processed for routine stains, such as hematoxylin and eosin, and for special stains that may 
serve for immunocytochemistry and for identification of mucin, melanin, or other cell products, 
and identification of bacteria and fungi. 

With the development of excellent cell preparation techniques, described in the foregoing 
pages, the cell block technique has been abandoned by many laboratories. This neglect is not 
justified in our opinion. The cell block technique should be used for processing all residual 
material remaining after completion of cytologic preparations. This material often contains 
valuable diagnostic evidence and tissue fragments that cannot be processed by cytologic 
techniques. Richardson et al (1955) have shown that additional diagnoses of cancer can be 
obtained in 5% of fluid specimens if smear technique is supplemented by cell block sections of 
residual material. The additional benefit of cell block technique is the recognition of histologic 
patterns of disease that sometimes cannot be reliably identified in smears or filter preparations. 

Aspiration biopsy material (FNA), but also sputum, effusions, urine sediment, and material 
from the gastrointestinal tract, are suitable for cell block processing, as are all tissue fragments 
incidentally obtained during any other diagnostic cytologic procedure. 

In our experience, the best cellular details in cell blocks are obtained with Bouin's 
fixative or picric acid fixative. However, a more practical fixative is buffered formalin that 
allows a wide range of additional procedures. 

Methods 

Fixed Sediment Method 

1 . Mix sediment or tissue fragments in one of the fixatives recommended for cell blocks. If the 
sediment is bloody, the blood may be hemolyzed prior to the addition of fixative by one of the 
methods described above. Fibrin clots can be wrung out as described previously and placed 
in fixative. Steps 2 and 3 are not necessary for fibrin clots. 

2. Centrifuge this mixture for 10 minutes at the appropriate rpm (see above). 

3. Pour off supernatant and drain tube well by inverting the tube on a paper towel. 

4. Carefully remove the packed sediment or fibrin clot from the test tube by means of a spatula 
and wrap it in lens paper. Place wrapped sediment in a carefully labeled tissue cassette. 

5. Put tissue cassette into a jar of the same type of fixative used in step 1 . Process as tissue. 

Bacterial Agar Method (3% Agar) 

Steps 1 through 3 are the same as for the fixed sediment method. 

4. If sediment becomes hard and packs well, gently remove it from the test tube with a spatula 
and place it, conical side up, on a paper towel. 
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5. Slice the sediment in half from the top to the bottom of the conical clot with a scalpel. 

6. Place the cut side of the packed sediment in a small pool of melted agar that has been 
spread on a glass slide or in a Petri dish. Cover all exposed areas of the sediment with melted 
agar and let stand a few minutes to harden. Care must be exercised to avoid bubbles in the 
agar. 

7. Trim the excess agar from the sediment and place the agar button in a tissue cassette. 

8. Same as step 5 of the fixed sediment method. 

P.1591 

9. If sediment does not pack well or only a small amount is available after completion of steps 1 
through 3, a few drops of melted agar should be added to the test tube and mixed thoroughly 
with sediment. After the agar hardens, gently remove the agar button from the test tube and cut 
it in half as described in step 5 before placing it into fixative. 

Preparation of Agar 

The 3% agar is prepared by dissolving 3 g of bacterial agar in 100 ml of boiling water. The 
melted agar may be colored with a small amount of food coloring to ensure contrast with the 
paraffin. The dissolved agar should be poured into individual sterile glass tubes with a screw 
cap. Cap the tubes loosely until the agar cools and hardens. When the agar has cooled, tighten 
the caps and place the tubes in a refrigerator until ready for use. When it is needed, melt the 
agar in a 60°C water bath. Discard unused agar at the end of the day. 

Simplified Cell Block Technique 

In 1988, Krogerus and Anderson introduced a simple technique for the preparation of cell 
blocks from material obtained by fine-needle aspiration, brushings, and effusions. The 
technique is unique in that the procedure is carried out in the sample tube, ensuring minimal cell 
loss. No transfer of cells to a cassette is necessary, eliminating the need for wrapping paper, 
agar, or thrombin. The procedure is as follows: 

1 . In a 50-ml plastic, conical centrifuge tube, fix cell sample with 50% alcohol for 1 hour. 

2. Spin sample at 300 g for 7 minutes and pour off supernatant. 

3. Re-suspend cell pellet in 3 ml of acetone for 10 minutes. 

4. Spin sample at 300 g for 10 minutes. Pour off acetone. 

5. Place tubes for 1 hour on a warm plate (not more than 60°C). 

6. Add melted paraffin to the dry, warm pellet. 

7. After paraffin has solidified, tap the bottom of the tube to remove block. 

8. Cut and process the conical end of the paraffin block as you would any tissue section. 

Plasma-Thrombin Clot Method 

1 . Thoroughly mix a few drops of outdated blood plasma obtained from blood bank with the 
fresh unfixed sediment. Plasma may be colored with a small amount of food coloring to 
ensure contrast with the paraffin. If the sample was prefixed with alcohol, the sediment 
must be washed several times with a balanced salt solution, since alcohol inhibits the 
clotting action of plasma and thrombin. 

2. Add the same number of drops of thrombin solution as of the pooled plasma and mix well. 

(Thrombin, 5000 units, topical, 1 vial: Add 10 ml of distilled water.) 

3. This mixture will form a clot in 1 to 2 minutes if the reagents are fresh and not too cold. Place 
resulting clot in a cassette that has been lined with lens paper to prevent the clot from oozing 
through the holes. 

4. Same as step 5 of the Fixed Sediment Method. This clot is very soft and a spatula, instead of 
a forceps, is recommended for transfer to the embedding mold. 

Compact Cell Block Technique 

Yang et al (1998) described a technique that produces a compact cell block about 10% to 20% 
the size of conventional cell blocks. Cells are packed into a small area free of erythrocytes and 
extracellular protein, thereby reducing screening time, and often eliminating the need for deeper 
cuts. 

1 . Pour off the supernatant after centrifugation of 40 cc of a well mixed aliquot of the sample. 

2. Mix the sediment with an equal volume of CytoRich Red. 
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3. After 2 minutes, add 4 drops of plasma and 3 drops of thrombin (5,000 pl/1 0 ml). 

4. Gently agitate the mixture. When the clotting stops, slide the clot onto lens paper that has 
been placed on top of paper towels. 

5. Fold the lens paper over the clot and press and mold the clot flat and compact with a gloved 
fingertip. Wrap the compact clot tightly in lens paper and place in fixative of your choice. 

Processing of Tissue Fragments from Smears 

Papalioannou et al (1997) described a method for preparing cell blocks from tissue fragments 
obtained from fine needle aspirations using cigarette rolling paper. Smears are prepared 
as usual and wet fixed in 96% ethyl alcohol. The syringe and needle are rinsed with fixative and 
expelled into the fixative jar. Thick tissue fragments are scraped from the surface of the slide 
into the fixative. The fixative is filtered through a single sheet of commercially available cigarette 
rolling paper that has been placed in a funnel with filter paper used for support. The cigarette 
paper is folded, placed in a cassette, and submerged in a 9:1 mixture of 96% ethyl alcohol and 
4% buffered formalin. After one-half hour, it is transferred to 96% ethyl alcohol. It is then 
processed as any tissue. Sections are suitable for special and immunocytochemical stains. 

Verbeek et al (1996) described a method of removal of small tissue fragments from stained 
cytology smears for histology processing that leaves the cytology slide undamaged. The 
method can be used on gynecologic and nongynecologic material. Both immunocytochemistry 
and routine stains can be done on the paraffin processed histologic sections. 

Prior to removing the coverslip, the location of the microbiopsy is marked with a diamond pen 
on the underside of the slide. After the coverslip is removed, a thick layer of mounting medium 
is poured onto the slide and allowed to dry for 45 minutes. The mounting medium surrounding 
the targeted microbiopsy is cut with a scalpel and gently removed from the surface of the slide. 

The microbiopsy is not destained but placed in xylene for 30 minutes and then embedded in 
paraffin from which 2p sections are cut and stained as usual. The slide from which the 
microbiopsy was 
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removed is soaked in xylene to remove the excess mounting medium and then recoverslipped. 

An alternate method of analysis of thick tissue fragments is by the costly and timeconsuming 
method of confocal microscopy (see Chap. 2). 

Microwave Technique for Rapid Processing of Cell Blocks 

Since the early 1970s, microwaves have been used by histopathology laboratories to shorten 
fixation and processing times of tissue samples. In 1988, Kok et al described a method in which 
cell blocks from fresh sputum can be prepared in 35 minutes. The method can be adapted for 
use with other types of specimens. 

Best results were obtained with a fixative consisting of 500 ml 96% ethyl alcohol, 430 ml of 
distilled water, and 70 ml of polyethylene glycol. 

1 . Place sputum in 40 ml of fixative in a microwave-safe jar. 

2. Microwave sample at 450 watts with the temperature set at 70°C. This usually takes 5 
minutes. 

3. Place the sputum, which has become condensed and rubbery, into a tissue cassette. Put the 
cassette into 40 ml of absolute ethyl alcohol and microwave at 450 watts and 70°C. This 
usually takes 3 minutes; however, let the cassette sit in the microwave for another 2 minutes. 

4. Transfer cassette to 40 ml of Histodear (www.ralamb. net, Cat. #C-78G). Microwave at 450 
watts or 80°C for 7 minutes. 

5. Embed the material, cool blocks, cut and mount sections. 

6. Sections can be de-paraffinized by placing them in Histodear and microwaving them for 5 
minutes at 700 watts and then stained by the method of choice. 

Cell Blocks From Miiiipore Filters 

Baloch et al (1999) described a technique for specimens of limited cellularity in which a portion 
of a Papanicolaoustained Miiiipore Filter (Miiiipore Corporation) can be converted into a cell 
block if other stains or immunocytochemical analysis are desired. In their hands, the technique 
produced H&E preparations with superb morphologic detail and excellent results for all 
antibodies tested. The background staining often seen in routine cell blocks was not seen in 
most cases. Since only half of the filter is used, the original cytologic preparation is preserved. 

1 . Remove filter after soaking slide in xylene to remove coverslip. 
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2. Rinse filter in a 1:1 solution of propanol and xylene for 5 minutes to remove all traces of 
mounting medium. 

3. Roll the filter into a tube, cut in half and place into a cassette, fix in 10% neutral-buffered 
formalin. Embed and process as you would any tissue. 

4. Remount the remaining half of the filter and return to cytology file. 

Dehydration of Cell Blocks after Fixation. 

Regardless of which method is used, the dehydrated paraffin-infiltrated cell block may be 
processed just as any other tissue. Histology laboratories usually process the cell blocks. 
However, if this service is not available, the following dehydration and embedding procedures 
may be used. 

Dehydration after fixation by placing the cassettes in the following solutions: 



1 . 


70% Alcohol (ethyl) 


1 hour 


2. 


95% Alcohol (ethyl) 


1 hour 


3. 


95% Alcohol (ethyl) 


30 minutes 


4. 


95% Alcohol (ethyl) 


30 minutes 


5. 


Absolute alcohol 


1 hour 


6. 


Absolute alcohol 


1 hour 


7. 


Absolute alcohol 


1 hour 


8. 


Xylol 


1 hour 


9. 


Xylol 


1 hour 


10. 


Paraffin 


2 hours 


11. 


Paraffin 


at least 2 hours 



Embed in clean paraffin, trim blocks, cut sections at 4 to 6 pm, and mount on slides according to 
standard histologic techniques. 

STAINING TECHNIQUES 

Numerous staining techniques are available today for routine and for cytochemical and 
immunocytochemical purposes. Only those techniques that have practical value in diagnostic 
cytology, or that are mentioned in the text, are reported here. Numerous special books, listed in 
the appended bibliography, are available and may be consulted if additional staining techniques 
are desirable. See also Chapter 45. 

The Papanicolaou Stain 

For routine diagnostic cytology, the Papanicolaou stain is recommended (two films are available 
from the American Society of Cytopathology, www.cytopathology.org/teach): “The Papanicolaou 
Stain: Principles" and “The Papanicolaou Stain: Materials & Methods”). The use of the 
Papanicolaou stain results in well-stained nuclear chromatin, differential cytoplasmic 
counterstaining, and cytoplasmic transparency. A modification of the original Papanicolaou stain 
(1942) was published by Dr. Papanicolaou in 1954. Aset-up for the Papanicolaou stain is 
shown in Figure 44-11 . Many modifications have been published by others. The intensity of 
nuclear stain and the depth and color of cytoplasmic staining are largely a matter of personal 
preference. Seven somewhat different modifications are described in Table 44-5. Staining times 
may be adjusted to produce results optimal for each laboratory. 

Principal Characteristics of the Various Modifications of the Papanicolaou 
Stain 

Hematoxylin 

Papanicolaou Technique I uses Harris hematoxylin regressively. The cells are intentionally 
overstained and excess hematoxylin is removed by differential extraction in HCI. 

P.1593 
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20 
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73 


72 
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XYLOL 




XYLOL 
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*FOR URINES ONLY 



* USE EA3« FOR GYNECOLOGIC SMEARS 
USE EA SS FOR ALL OTHER SPECIMENS 



Figure 44-11 Diagrammatic representation of a set-up for Papanicolaou stain. For 

modifications see Table 44-5. 



Papanicolaou Technique II, originally described for urinary and gastric preparations, uses 
hematoxylin progressively. Differential extraction in HCI is not necessary, since the reduction in 
staining time prevents overstaining of the cytoplasm. Mayer hematoxylin and Gill hematoxylin 
rarely overstain nuclei, regardless of staining time, and are always used progressively. 
Progressive staining is usually recommended for cell samples that do not adhere well to glass 
slides, since the running water bath can be eliminated. 



Eosin-Alcohol Stain 

EA-36 and the commercial preparation, EA-50, have a similar formula. Each contains twice the 
amount of light green used in EA-65. This increased amount of light green in EA-50 and EA-36 
tends to stain the background of thick nongynecologic smears too intensely, and for such 
smears EA-65 is preferred. EA-65 is also recommended by some authors for gynecologic 
smears, since the cytoplasmic staining reaction can help differentiate adenocarcinomas of the 
endocervix (pink) from those of the endometrium (blue). However, all of the EA formulas may be 
used for every type of sample stained. 



Bluing 

The substitution of bluing solutions for running water may be used for slides that frequently 
shed cells. The formulas for several such solutions are given below. 

Hydration 

The use of a series of graded alcohols (50%, 70%, 80%, and 95%) for hydration and 
dehydration was thought to minimize cell distortion. Gill replaced this series with one-step 
hydration and dehydration, which reportedly does not increase shrinkage. 

P.1594 

P.1595 



TABLE 44-5 PAPANICOLAOU STAINS* 



For 



Technique 1 


Technique II 


For Slides 


For 


Carbowax 


For Carbowax 


For Urine 


Regressive 


Progressive 


and 


Millipore 


Fixed 


Fixed 


Sediment 


(Papanicolaou 


(Papanicolaou 


Nuclepores 


and Gelman 


Smears 


Sputums 


Smears 
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1954) 


1960) 


(Gill) 


Filters (Gill) 


(Miller) 


(Saccomanno) 


(Durfee) 


Hydration 


80%, 70%, 


Same as 


2 water 


2 water 


3 rinses 


Tap wateT 


80%, 70%, 




50% EtOH 


Tech. 1 


rinses 10 


rinses 10 


water 10-15 


Several 


50% and 




and water 10 
dips each 




dips each 


dips each 


dips each"!" 


changes 


water 5 dips 
each 


Nuclear 


Harris 


Harris 


Gill 


Gill 


Hematoxylin 


Lillie-Mayer 


Harris 


Stain 


hematoxylin 


Hematoxylin 


hematoxylin 


hematoxylin 


30-45 sec. 


hematoxylin 


hematoxylin 




half strength 


full strength 


2 min. 


2 min. 




modified-!- -| 


without 




without acetic 


with 4% 








min. 


acetic acid 6 




acid 6 min. 


acetic acid 45 










min. 






sec. 












Rinse 


2 water 


2 water + 1 


Same as 


Same as 


3 water 


Running tap 


Distilled 




rinses 10 dips 


50% EtOH 


Tech. 1 


Tech. 1 


rinses 10 


water until 


water 5 dips 




each 


rinses 10 dips 
each 






dips each 


clear 




Differential 


0.25% HCI 6 


Not 


Not 


0.05% HCI 


0.25% HCI 


Not 


0.5% HCI in 


Extraction 


dips 


necessary 


necessary 


up to 30 


1 quick dip 


necessary 


70% alcohol 










dips 
Filter 
should 
appear 
pale yellow 






3-5 dips 


Bluing 


Running tap 


1.5% NH4 


Scott's tap 


Scott's tap 


3 water 




Water 




water 6 min. 


OH in 70% 


water 


water 


rinses and 




5 dips 






EtOH 


substitute 


substitute 


4 dips 




50% EtOH 5 






1 min. 


1 min. 


1 min. 


in 1.5% 




dips 1.5% 












NH 4 OH 




NH 4 OH in 












in 70% 




70% alcohol 












EtOH 




1 min. 


Rinse and 


50%, 70%, 


Same as 


2 water + 2 


2 water + 2 


3 water + 2 


2 rinses 95% 


70%, 80% 


Hydration 


80%, and 


Tech. 1 


95% EtOH 


95% EtOH 


95% EtOH 


EtOH 1 min. 


and 95% 




95% EtOH 




rinses 


10 dips 


rinses 


each 


EtOH 5 dips 




10 dips each 




10 dips 


each 


10-15 dips 




each 








each 




each 






Cytoplasmic 


OG -6 


OG -6 


Modified 


Modified 


OG -6 


OG -6 


OG -6 


Stain 


VA> min. 


1 %> min. 


OG -6 


OG -6 


1!4> min. 


2A min. 


VA> min. 








VA> min. 


2 min. 








Rinse 


3 rinses 95% 


Same as 


Same as 


3 rinses 


2 rinses 


3 rinses 95% 


2 rinses 




EtOH 


Tech. 1 


Tech. 1 


95% EtOH 


95% EtOH 


EtOH 


95% EtOH 




10 dips each 






1 min. each 


10 dips 


1 min. each 


5 dips each 












each 


(Agitate) 




Cytoplasmic 


EA36, 50, 65 


EA-65 


Modified 


Modified 


EA-65 


EA modified 


EA-36 


Stain 


VA> min. 


3 min. 


EA 


EAfor 


2 min. 


for Carbowax 


VA> min. 








6-10 min. 


filters 
















8 min. 








Rinse 


3 rinses 95% 


Same as 


Same as 


3 rinses 


Same as 


VA> min. 


Same as 




EtOH 10 dips 


Tech. 1 


Tech. 1 


95% EtOH 


Tech. 1 


3 rinses 95% 


Tech. 1 




each 






(4, 2, and 1 




EtOH 












minute) 




1 min. each 












No dips! 




(Agitate) 




Dehydration 


3 rinses abs. 


Same as 


Same as 


3 rinses 


3 rinses 


2 rinses abs. 


2 rinses 
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EtOH 

10 dips each 


Tech. 1 


Tech. 1 


abs. 

isopropyl 
alcohol 1 
min, each 


abs. EtOH 
and 1 rinse 
abs. EtOH 
and xylene 
1 : 1 

15-20 dips 
each 


EtOH 

1 min. each 


abs. 

EtOH and 1 
rinses abs. 
EtOH: 
xylene 1 : 1 
5 dips each 


Clearing 


80%, 70%, 


Same as 


Same as 


Same as 


Same as 


Same as 


7 rinses in 




50% 3 rinses 
in xylene 10 
dips each 
until 

coverslipped 


Tech. 1 


Tech. 1 
Nuclepore 
limit 1 hour 


Tech. 1 


Tech. 1 


Tech. 1 
Minimum 5 
min. 


xylene 5 
dips each 
until 

coverslipped 



Use all solutions in the order indicated. 



Slide should be rinsed in 95% EtOH prior to hydration for 10-15 min. 

* See Table 44-8. 

Comments: EtOH indicates ethyl alcohol. Substitutions with other alcohols are possible. Concentrations listed in Table 44-1 may be 
used for guidance, but experimentation is required for optimal results. 

Hematoxylins — see Table 44-8 for formulas. 

OG stains — see Table 44-10 for formulas. 
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Materials Required 
Staining Dishes 

The type of staining dishes and slide carriers to be used depends on the number of cytologic 
specimens processed in any given laboratory. If the number of specimens is small, glass 
staining dishes (250 ml), with removable glass or metal carriers holding 10 slides, are adequate. 
Large numbers of slides are handled more quickly and easily if staining dishes of 1 ,000-ml 
capacity, accommodating a carrier for 60 slides, are utilized. Glass dishes are preferred for the 
stains and acid and alkaline solutions. Stainless steel dishes may be used for all other 
solutions. The stainless steel dishes are more expensive than glass dishes but more practical in 
the long run. 

Stains 

The Papanicolaou stains (EA-50, EA-65, and OG6) may be obtained commercially. Most of the 
companies making these stains also manufacture hematoxylin. 

The commercially prepared stains are time-saving and usually very satisfactory. There are also 
complete Papanicolaou staining systems available such as that produced by Richard-Allan 
Scientific (www.rallansci.com) in which all of the reagents are designed to be used together. It 
is, therefore, prudent to start out by following the manufacturer's recommendations, and then 
making minor adjustments to suit individual preferences. 

The stains may be prepared in the laboratory at a substantial saving. The formulas and 
methods of preparing stains and solutions used in the Papanicolaou staining method are given 
below. 

Preparation of Stains and Solutions Used in the Papanicolaou Stain 

The preparation of the essential solutions used in the Papanicolaou staining method is shown 
below. The formulas indicated may be used for the variants of Papanicolaou stain as shown in 
Table 44-5. A detailed discussion of general properties of dyes and chemicals may be found in 
the section on other stains. 

Graded Alcohols 

The formulas are listed in Table 44-6. 

Solutions of Hydrochloric Acid 
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The formulas are listed in Table 44-7. 

Bluing Solutions 

There are several formulas for the bluing solutions of approximately equal value. 

TABLE 44-6 PREPARATION OF GRADED ALCOHOLS (1,000 ML) 



Desired Concentration (%) 


Volume of 
Water (ml) 


Volume of 95% 
Alcohol (ml) 


50 


474 


526 


70 


263 


737 


80 


160 


840 



1 . Ammonium hydroxide in 70% alcohol: Add 1 5 ml of NH 4OH (28% to 30% weight/volume 
concentration) to 985 ml of 70% ethanol. 

2. Lithium carbonate: stock solution: 1 .5 g of UCO3 in 1 00 ml of water; working solution: Add 
30 drops of stock solution to 1 ,000 ml of water. 

3. Scott's tap water substitute: Dissolve in 1 ,000 ml of water 2 g of sodium bicarbonate and 
either 10 g magnesium sulfate, anhydrous (MgSOq), or 20 g magnesium sulfate, crystalline 
(epsom salt). 

4. Tap water can be used as a bluing agent if pH is higher than 8. 

Alum Hematoxylin 

The formulas for several variants are listed in Table 44-8. A list of hematoxylins certified by the 
Biological Stain Commission is shown in Table 44-9. 

Harris Hematoxylin 

1. Dissolve hematoxylin in alcohol. 

2. Dissolve alum in water and bring to a boil. 

3. Add dissolved hematoxylin to alum and water and bring again to a boil. 

4. Remove flask from heat. 

5. Immediately add mercuric oxide. 

6. Stir this solution until a dark purple color appears. 

7. Plunge flask into water bath to cool. 

8. Filter and store in a dark bottle. 



TABLE 44-7 PREPARATION OF SOLUTIONS OF HYDROCHLORIC ACID (1,000 ML)* 



Desired Concentration (%) 


IN HCI 
(ml) 




Concentrated HCI 
(Approx. 12N) (ml) 


0.5 


60 


or 


5 


0.25 


30 


or 


2.5 


0.05 


6 


or 


0.5 



To a 1 ,000-ml graduated cylinder containing 700 ml water, add the volume of acid 
required for desired concentration. Let cool and add additional water to bring total 
volume to 1,000 ml. 
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TABLE 44-8 FORMULAS FOR ALUM HEMATOXYLIN (1 LITER) 



Gill (Half) 



Ingredients 


Harris 


Mayer 


Lillie-Mayer 


Oxidized 


Hematoxylin C.l. 
75290 


5g 


ig 


5g 


2g* 


Absolute 

methanol 


50 ml 


- 


- 


- 


Water 


1 ,000 ml 


1,000 ml 


700 ml 


730 ml 


Glycerol 


- 


- 


300 ml 


- 


Ethylene glycol 


- 


- 


- 


250 ml 


Chemical 
ripening agent 


Mercuric 
oxide (HgO) 
2.5 g 


Sodium 
iodate 
(Nal03) 0.2 

g 


Sodium iodate 
(Nal03) 0.2- 
0.4 g 


Sodium 
iodate^ 
(Nal0 3 ) 0.2 g 


Aluminum 
ammonium 
sulfate (alum) 


100 g 


50 g 


50 g 


23.5 g or 17.6 

g 

Aluminum 

sulfate 


Glacial acetic 
acid 


Nonet or 
40 ml§ 


None, 40 ml 
or 1 g citric 
acid 


20 ml|| 


20 ml or 1 g 
citric acid 


Preservative 


- 


50 g Chloral 
hydrate 


- 


- 


Stated Life 


Months to 
years 


2-3 months 


Months to 
years 


Over 1 year 



2.0 g anhydrous hematoxylin should be used. If the crystalline form is used, 2.36 g is 
required. Catalogs do not always describe whether anhydrous or the crystalline form is 
available. The anhydrous form is a fine powder that tends to cake. The crystalline form 
consists of small crystals that shift readily when the bottle is rotated while tilted. 

The sodium iodate should be weighed accurately to ± 0.01 g. 

This formula is diluted with an equal volume of water for the Papanicolaou stain - 
Technique I. 

This formula is full strength for Papanicolaou stain - Technique II. 

Saccomanno's technique substitutes 20 ml of normal acetic acid (16 ml of glacial 
acetic per 100 ml of water). 



Mayer, Mayer-Lillie, and Gill (Half Oxidized) Hematoxylin 

Combine the ingredients in the order listed in Table 44-8 and stir on a magnetic mix for 
approximately 1 hour at room temperature. 

Cytoplasmic Counterstains (Orange G [OG] and Eosin-alcohol [EA]) 
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The formulas for OG stains are listed in Table 44-10 and for EA stains in Table 44-11. The dyes 
are listed according to Color Index Number (Cl. No.). The ingredients should be mixed as 
listed vertically and stored in well-stoppered dark bottles. Filter before using. 



TABLE 44-9 HEMATOXYLIN CERTIFIED BY THE BIOLOGIC STAIN COMMISSION 



Company Code 


Prior to 1973 Numbers 


Since 1973 Numbers 


EH 


1 through 30 


33 and greater 


CH 


1 through 43 


44 and greater 


LH 


1 through 38 


39 and greater 


PH 


1 through 3 




NH 


1 through 36 




AcH 




1 and greater 


BaH 




1 and greater 


BcH 




1 and greater 


TH 




1 and greater 


ZH 




3 and greater 


LeH 




1 and greater 



Aqueous Stock Solutions for EA 

A. 2% Light green SF yellow Cl. No. 42095 

B. 10% Bismarck brown Cl. No. 21000 

C. 3% TDC (total dye content) light green SF yellow Cl. No. 42095 

D. 20% TDC Eosin Y Cl. No. 45380 

E. 3% TDC fast green FCF Cl. No. 42053 

Alcoholic Stock Solutions Made From the Aqueous Stock Solutions 

F. 0.1% Light green: 50 ml of solution A+ 950 ml of 95% ethyl alcohol 



TABLE 44-10 PREPARATION OF ORANGE G (OG) STAINS* 



Ingredients 


OG-6 


OG Modified 


Orange G-C.l. 


1 0% Aqueous 


1 0% Aqueous 


No. 16230 


50 ml 


(TDC): 20 ml 


95% Ethyl alcohol 


950 ml 


980 ml 


Phosphotungstic acid 


0.15 g 


0.15 g 



Mix ingredients and store in a well-stoppered, dark bottle. Filter before using. 
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TABLE 44-11 PREPARATION OF EOSIN-ALCOHOL (EA) STAINS 



Ingredients 


EA-36 


EA-65 


EA- 

Modified 
for Slides 


EA- 

Modified 
for Filters* 


EA - For 
Saccomanno 
Prep. 


Light green 


Solution 

F 


Solution 

F 


Solution 

G 


Solution C 


Solution F 




450 ml 


225 ml 


10 ml 


5 ml 


325 ml 


Fast green 


- 


- 


- 


Solution E 


- 










5 ml 




Bismarck brown 


Solution 

G 


Solution 

G 


- 


- 


Solution G 




100 ml 


100 ml 






100 ml 


Phosphotungstic 


2g 


6g 


2g 


2g 


_ 



acid 



Lithium 

carbonate 

saturated 


10 

drops 










Eosin 


Solution 

H 


Solution 

H 


Solution 

D 


Solution D 


Solution H 




450 ml 


450 ml 


20 ml 


20 ml 


450 ml 


95% Ethyl 
alcohol 


- 


225 ml 


700 ml 


700 ml 


125 ml 


Absolute 

methanol 


- 


- 


250 ml 


250 ml 


- 


Glacial acetic 
acid 


- 


- 


20 ml 


20 ml 


- 


For Gelman or Millipore only: Nuclepores may be stained with slides. 



G. 0.5% Bismarck brown: 5 ml of solution B + 95 ml of 95% ethyl alcohol 

H. 0.5% eosin: 5 g Eosin + 1 ,000 ml of 95% ethyl alcohol 

Preparation of Solutions by Weight per Volume 

Weight per volume solutions are used in making the stock aqueous and alcohol solutions for 
the counterstains used in the Papanicolaou staining techniques. For example, a 10% aqueous 
solution of OG would consist of 10 g of OG dye dissolved in 100 ml of water. 

Modified EAand OG are based on TDC. The original formulas for EAand OG did not take into 
consideration the variability of the percentage of dye content from one batch of dye to another. 
For this reason, the use of TDC is being used to standardize the concentration of dyes in the 
EAand OG staining solution. The percentage dye concentration is printed on the label of 
certified dyes. To determine the weight of dye needed, divide number of grams of dye required 
by the percentage dye concentration. For example, if a 10% aqueous solution of OG was 
required and the dye content of the OG was 80%, 10 g/.80 = 12.5 g of that particular dye batch 
is needed. Alternately, if a 10% aqueous solution of Bismarck brown Y was needed and the dye 
content of the batch was 52%, 10 g/.52 = 19.23 g in 100 ml of water is needed to equal a TDC 
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of 10 %. 

Important Factors Influencing Staining Results 
Maintenance of Solutions and Stains 

Solutions may be used over a longer period of time if the slide carrier is rested on several 
thicknesses of paper toweling for a few seconds between staining steps. The life expectancy of 
stains may be increased by storing them in dark bottles when not in use and in keeping staining 
dishes covered. 

The frequency of replacement of solutions required to ensure crisp, well-stained slides 
depends on the volume of slides processed daily. Daily microscopic checks are recommended. 

The following schedule may be adjusted depending on the volume and nature of material 
processed. 

■ Hematoxylin remains relatively constant in staining characteristics and seldom requires 
discarding if small amounts of fresh stain are added daily to replace stain loss due to 
evaporation. However, the use of coating or Carbowax fixatives may result in contamination, 
making frequent changes necessary. 

■ OG-EA loses strength more rapidly than hematoxylin and should be replaced each week or 
as soon as the cells appear gray, dull, or without crisp contrasting colors. 

■ Bluing solutions and HCI should be replaced at least once daily. 

■ Water rinses should be changed after each use. 

■ Alcohols used during the rehydrating and dehydrating process, prior to the cytoplasmic 
stains, should be checked occasionally with a hydrometer and should be replaced weekly or 
may be discarded each day to avoid the necessity of filtering these solutions. The alcohol 
rinses following the cytoplasmic stains are usually changed on a rotating basis after each 
use. The alcohol rinse immediately following the stain is discarded and the other two rinses 
are moved into the first and second position, and the fresh, unused dish of alcohol is placed 
in the third position. This rotation continues after each staining run. The absolute alcohols 
should be changed weekly and can be kept water-free with the addition of Silica Gel pellets 
Type II (www.sigmaaldrich.com; catalog no. S7500). 
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■ Xylene should be changed as soon as it appears tinted with any of the cytoplasmic stains. 

Water in the xylene will make the solution appear slightly milky. The clearing process may be 
disturbed, and tiny drops of water can be seen microscopically on a plane above the cell on 
a slide. The addition of Silica-Gel pellets to the absolute alcohols will minimize the possibility 
of water contamination of xylene. They can also be added to the xylene to absorb any water 
that may be present. 

Dipping Slides 

Agitation of the slides by dipping is necessary to remove excess dye. If slides are not rinsed 
properly, a dull rather than sharp, crisp picture results. Slides should be dipped gently to avoid 
cell loss and the slide carrier should not hit the bottom of the staining dish. Each dip should last 
approximately one second. Dipping too slowly will result in too much decolorization. However, 
one or two dips more or less will not affect results. 

Intensity of Staining Reaction 

The desired intensity of nuclear and cytoplasmic stains is one of personal preference and 
varies with different cell samples. Individual experimentation is necessary. The quality of the 
stained slides is also dependent on the solubility, percentage of dye concentration, etc., of the 
dyes used in making EA OG, hematoxylin, as discussed in the section of this chapter devoted 
to stain preparation. 

Factors other than timing, however, may influence the nuclear and cytoplasmic staining 
intensity. 

Trouble-Shooting With Papanicolaou Stain 
Nuclear Stain Too Pale 

Understaining of the nucleus may occur for one or more of the following reasons: 

1 . Contamination of hematoxylin with Carbowax or coating fixatives, which reduce its ability to 
penetrate the nucleus. 
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2. Time in hematoxylin is not increased for Carbowaxfixed specimens wherein the nuclei tend to 
resist hematoxylin penetration. 

3. Decolorizing action of HCI continues if it is not removed carefully with running tap water. 

4. Smears may have been permitted to air-dry prior to fixation. 

5. Excessive time in chlorinated tap water will bleach the nuclear stain. 

6. Carnoy's fixative results in loss of nuclear material if the smears are left in it for too long a 
time (see below). 

7. The pH of the tap water or bluing agent is not sufficiently alkaline to blue properly. 

8. Single cells may appear understained if thick areas of the smears are correctly stained. 

9. Stain may become diluted if water is not drained from racks prior to immersion in hematoxylin. 

1 0. If the timing of staining in hematoxylin is based on material collected in fixatives, unfixed 
material may have to be stained longer to achieve the same intensity of staining. 

11. Concentration of HCI is greater than recommended or there were too many dips in HCI. 

12. Expiration date of commercially prepared stain may have been overlooked. 

13. Hematoxylin may be too old and should be replaced. 

14. Inadequate mixing of the contents of aerosol and spray can fixatives result in poorly 
distributed fixation. Staining may be uneven and muddy in appearance. Shake all fixatives 
well prior to use. 

15. Slides sprayed with aerosol fixatives at too close or too far a range result in pale, poorly 
stained slides (see above and Appendix to Chap. 8). 

16. Waxes and oils from fixatives alter staining reactions if not adequately removed. Some 
brands may require the soaking of slides overnight in 95% alcohol, rather than merely rinsing 
them in alcohol prior to staining. 

Nuclear Stain Too Dark 

Overstaining of the nucleus may occur for one or more of the following reasons: 

1 . Cells fixed for a few minutes in modified Carnoy's shrink, causing some chromatin 
condensation. Therefore, staining time in hematoxylin must be decreased. 

2. If timing of hematoxylin is based on staining slides prepared from fresh material, the time 
must be reduced for pre-fixed material. 

3. Too few dips in HCI or acid concentrations is lower than recommended. 

4. If single cells are well stained, thick areas of the slide may appear overstained. 

5. Nuclepore filters that are dissolved prior to staining sometimes require less staining time in 
hematoxylin (see below). 

6. The smears may have been prepared directly from very bloody or high-protein fluids. The 
sediments from these fluids should be washed with a balanced salt solution prior to slide 
preparation. 

7. Slides were fixed in higher concentration of alcohol than is normally used. 

Cytoplasmic Stains Unsatisfactory 

The cytoplasmic stain may be unsatisfactory for the following reasons: 

1 . If the cytoplasmic stain is too pale, the slides may have been dipped excessively or remained 
too long in the alcohol rinses, which removes cytoplasmic color. 

2. If there is no differential cytoplasmic staining (all cells appear pink), the slide may have been 
permitted to air-dry prior to fixation, or the slide may contain coccoid bacteria that alter 
staining reaction, or the stain may need replacement. If the slides were fixed with coating 
fixatives containing concentrations of alcohol greater than normally used, increased shrinking 
of the cells will 

P.1600 

occur. Increased timing is required in the EAfor the dye to penetrate the dense cell wall. 

3. Cytoplasm that appears somewhat gray or purple may result from excessive time in the 
hematoxylin or failure to remove excess hematoxylin from the cytoplasm with HCI. 

4. When there is improper stain distribution, the margins of the cell clusters may stain blue or 
green, and the central thick portion of the smear may stain red or orange. This is the 
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consequence of insufficient staining time or the lack of agitation during staining and rinsing. 

The slides should be gently dipped to distribute dye throughout the thick portions of the 
smear and to remove excess dye trapped in the background. 

5. If cytoplasm stains well but the colors appear too blue, green, or pink, the EA formula may 
have to be changed. EA50 and 36 contain twice as much light green as EA65. EA50, the 
commercial form of EA36, varies somewhat from manufacturer to manufacturer. 

Experimentation with different brands of EA50 and laboratory EA36 and 65 is necessary to 
obtain an acceptable cytoplasmic stain. 

6. Inadequate mixing of the contents of aerosol and spray can fixatives can result in poorly 
distributed fixation. Staining may be uneven and muddy in appearance. Shake all fixatives 
well prior to use. 

7. Slides sprayed with aerosol fixatives at too close or too far a range result in pale, poorly 
stained slides. 

8. Waxes and oils from hairspray fixatives alter staining reactions if not adequately removed. 

Some brands may require the soaking of slides overnight in 95% alcohol rather than merely 
rinsing them in alcohol prior to staining. 

9. Controlling the pH of the EA by the addition of 2 ml of glacial acetic acid per 1 00 ml of stain 
may give better and more consistent results. 

Contamination Control 

Hematoxylin, EA, OG-6 should be filtered at least once daily, particularly after staining slides 
containing cancer cells. A good-quality, medium-speed filter paper, such as Whatman No.1 , 
removes most cells. In the Cytotechnologist Bulletin (vol. 12, 1975), Gill describes a stain 
filtration and storage system using a membrane filter to remove all cells. The alcohols used for 
rehydration and dehydration, the absolute alcohols, and xylenes must also be filtered or 
replaced daily. Regulatory agencies require that gynecologic and nongynecologic material be 
stained separately. Nongynecologic material may be stained together; however, to avoid cross- 
contamination from one slide to another in the same staining rack, it is recommended that those 
specimens notorious for shedding cells be stained in different staining dishes or at different 
times. Effusions containing numerous cancer cells are a common source of “floaters” that may 
attach to other slides. To screen out malignant effusions, rapidly mix a drop of sediment with 
toluidine blue or other suitable dye (see below). Such positive effusions should be stained 
separately and all stains and solutions filtered or discarded after use. 

Regardless of the care used in staining, cross-contamination of slides may occur, and the 
occurrence of “malignant floaters” is particularly disturbing. If this happens, all solutions and 
stains should be immediately filtered or discarded. It is also wise to make a microscopic check 
of the mounting medium at this time to eliminate the possibility of being a source of 
contamination. 

important Factors Influencing the Staining Results of Filters 

Millipore and Gelman filters should not be attached to a glass slide for staining. Clipping these 
filters to glass slides traps the stains and results in stain-streaked preparations. Clamp-style 
paper clips (Fig. 44-12) that allow filters to hang freely during the staining process may be 
used. Nudepore filters may be clipped to a glass slide for staining. 

Nuclepore filters differ in that prominent outlines of the filter pores remain after staining. Since 
the filter is birefringent, these pores cannot be made invisible by mounting in a medium of 
matching refractive index. A number of techniques have been developed to eliminate the pore 
outline including a process for dissolving the Nuclepore prior to staining (see below). This 
method, which has been modified, allows the slide to be placed in a staining rack and be 
stained in the usual manner. 

Other methods include dissolving the filter after staining, transferring the cells from the filter to a 
glass slide (see above Methods of Transferring Cells From Filters to Glass Slides), or using a 
polarized light with a mounting medium with a refractive index that matches one of the two 
indices of the filter. Details of these procedures are discussed below. 

1 . During the staining sequences, Nuclepore filters behave similarly to glass slides with the 
exception of clearing in xylene. The time in xylene should be limited to 10 
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to 15 minutes to prevent the filters from curling and rolling up tightly. 

2. The background of Millipore and Gelman filters will stain with hematoxylin and the 
cytoplasmic stains. If the background is too heavily stained, cytologic detail and cellular 
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contrast are obscured. For this reason, Gill suggests the use of Mayer's or Gill's hematoxylin 
over Harris', which may stain the filter too intensely. After the water rinse following 
hematoxylin, the filter is slowly dipped approximately 30 times in a 0.025% or 0.05% solution 
of hydrochloric acid (HCI). The filter should appear pale yellow at this point. Apparently, the 
very low concentration of HCI does not decolorize the cells but is sufficient to partially 
decolorize the background of the filter. 

3. As with hematoxylin, the background of the Millipore and Gelman filters is stained by EAand 
OG. To minimize stain retention, the filters should be rinsed for a longer period. Following 
OG, the slides must remain in three sequential 95% alcohol rinses, 1 minute each, with 
minimal dipping. The filters are stained for a long period in EAand are rinsed for 4 minutes, 2 
minutes, and 1 minute, respectively, in three sequential 95% alcohol rinses. It is important 
that no dipping should occur during this sequence. Dipping will cause the stain to be 
removed from the cells as well as the filter background. 

4. Absolute isopropyl alcohol must be substituted for the three final absolute ethanol rinses 
when staining Millipore filters. Absolute ethyl alcohol can soften and dissolve these filters. 



Figure 44-12 Clamp for use with Millipore and Gelman filters. 



Dissolving Nude pore Filters Prior to Staining 

1 . Place Nuclepore filter (Fig. 44-1 3), cell side down, on a dean glass slide. Do not allow 
filter to dry. 

2. Quickly blot the Nuclepore with Whatman No. 1 filter paper, folded in half, to make a double 
thickness. Roll a glass rod, print roller, or use finger pressure, once over and back, along the 
length of the filter. 

3. Alcohol should remain under the filter. Quickly flood the filter with chloroform from a Pasteur 
pipette. 

4. Place slide, still covered with chloroform, in a Coplin jar filled with chloroform for 20 to 30 
minutes. Transfer slide to 95% alcohol. If a cloudy film appears, return slide to chloroform for 
15 to 20 more minutes and then return again to alcohol. The slide may be placed in a rack for 
routine staining. Never permit the slide to air-dry. 

* 

Dissolving Nuclepore Filter After Staining 

1 . Remove filter from xylene (see Fig. 44-1 3). 

2. Place filter cell side down on dry glass slide or coverslip. 

3. Blot filter with absorbent towel or filter paper. Roll a glass rod across, or press finger across, 
the surface to flatten filter at the same time. 

4. Tilt slide or coverslip over a4*4 gauze pad in a glass Petri dish. Start at center, working 
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5. Immediately place the slide or coverslip on the gauze and flood again with chloroform. 

6. Place cover on Petri dish and allow chloroform to evaporate. High relative humidity and rapid 
evaporation will cause the filter to become cloudy. 

7. After evaporation is complete, dip slide or coverslip in xylene and mount with Histoclad. 

Ultrafast Papanicolaou Stain 

Yang and Alvarez (1995) and Young (1995) developed a 90-second Papanicolaou stain for 
rapid assessment of fine needle aspirations (FNA). They report that the stain yields a 
transparent preparation with polychromatic stain and crisp nuclear details in a clear 
background. Several subsequent reports suggested that this stain offers excellent cytologic 
detail, particularly with malignant lymphomas and thyroid tumors. 



Procedure: 




1 . Air dry FNA smears. 




2. Rehydrate in normal saline 


30 seconds 


3. Alcoholic formalin (see below for formula) 


1 0 seconds 


4. Water 


6 slow dips 


5. Richard-Allan Hematoxylin 2 


2 very slow dips 


6. Water 


6 slow dips 


7. 95% ethanol 


6 slow dips 


8. Richard-Allan Cytostain 


4 very slow dips 


9. 95% ethanol 


6 slow dips 


1 0. 1 00% ethanol 


6 slow dips 


11. Xylene 


10 slow dips 


12. Mount and coverslip 





Alcoholic Formalin: 65% Ethanol and 4% Formaldehyde 

To prepare, combine 300 ml of 37% to 40% formaldehyde, 2,053 ml 95% ethanol and 647 ml of 
distilled water. 

Destaining Slides 

It is occasionally desirable to restain poorly stained slides, slides that have faded because of 
age, or when special stains are needed. It has been this author's experience that it is not 
necessary to destain Papanicolaou-stained slides prior to routine special stains, such as PAS, 
mucin and GMS. Simply removing the coverslip and mounting medium and rehydrating the slide 
as described below in steps 1-3 and then applying the new stain produces satisfactory results. 

Some immunological staining can also be done on previously Papanicolaou-stained 
smears without the necessity of destaining. Abendroth and Dabbs (1995) used antibodies to 
keratin (CAM 5.2, AE1/AE3, and K903), epithelial membrane antigen, monoclonal 
carcinoembyonic antigen, desmin, muscle-specific actin (HHF-35), vimentin, leukocyte common 
antigen, B and T cell markers L26 and 

P.1602 

UCHL-1, and prostate-specific antigen to stain unstained, alcohol-fixed or air-dried smear and 
compared them to previously Papanicolaou-stained smears that were either not decolorized or 
decolorized. All methods produced comparable results. However, Chen et al (1996) found that 
the Papanicolaou stain inhibited the polymerase chain reaction (PCR) when using primers to 
human p-globin and that decolorizing the smear removed the inhibitors. It is, therefore, 
recommended that parallel studies be performed using the antibodies unique to one's laboratory 
before deciding whether it is necessary to destain slides before application of new staining 
procedures. When destaining is necessary, the following procedure is useful: 
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METHOD OF DISSOLVING NUCLEPORE FILTER 
BTfORF STAINING 





Figure 44-13 Dissolving Nuclepore filters prior to (top) and after staining (bottom). 



1 . To remove the coverslip: 



A. Soak in xylene until coverslip falls off, or 

B. Heat slides on a warming plate at 60°C for 3 to 4 hours. 

C. Place slides in freezer with coverslip down for a few minutes to half an hour (the older the 
slide, the less time is required). The coverslip should separate from the slide around the 
edges and should appear frosty. A razor blade should be slipped around the edges where 
the separation occurs, and the coverslip will come off easily. 

2. Soak slide in xylene to remove old mounting medium. 

3. Rinse slides well in two to three rinses each of absolute ethanol, 95% ethanol, and water. 

One minute in each of the alcohols and water is usually sufficient to remove all counterstains. 

4. Place slides in aqueous 0.2% to 0.5% solution of HCI 
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or 1% HCI in 70% alcohol for 5 minutes to 1 hour to remove hematoxylin. Slides should be 
checked under the microscope to see when decolorization has occurred. 

5. Remove acid by rinsing in running tap water for 10 to 15 minutes. To ensure complete 
removal of the acid, slides should be placed in Scott's tap water substitute with a pH of 
approximately 8.2 and rinsed again in tap water. 

6. Slides are now ready for restaining. If only the removal of cytoplasmic stains is desired, steps 
1 through 3 may be used. Slides are then ready for restaining in OG and EA. 



Mounting the Cell Sample 
Mounting Media 

Amounting medium creates a permanent bond between the slide and the coverslip. This 
permanent bond protects the cell film from mechanical damage, air-drying effect, and stain 
fading. To properly visualize cellular morphology, the refractive index of the glass, cellular 
material, coverslip, and mounting medium should closely match one another. Table 44-12 lists 
the refractive indices of various material used in cytology. 



Regardless of the mounting medium used, it is important to maintain its pH as close to neutral 
as possible to prevent the fading of stains. One gram of 2, 6-di-tert-butyl-p-cresol (Butylated 
Hydroxytoluene) (www.sciencelab.com, Cat. #SLB 3511) can be added to 100 ml of any 
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mounting medium to inhibit the fading of stains. The mounting medium will thicken as the 
solvent evaporates. To maintain consistency, each new bottle of mounting medium should be 
checked by counting the number of drops that fall from a pipette filled with the fresh medium for 
5 seconds. The number of drops should be noted on the label for future reference. Each week, 
the medium should be checked in a similar manner to determine if the addition of a solvent is 
necessary. 

As shown in Table 44-12, Eukitt and Pro-Texx are best suited for Gelman and Millipore filters. 
Permount and Kleermount can also be used with good results. Histoclad is suitable for 
Nuclepore filters. However, because of the two refractive indices of this filter, the mounting 
medium cannot make the pores invisible. Some microscopists find these pores distracting and 
prefer to dissolve the filter to eliminate the pores. The filters may be dissolved prior to or after 
staining, as described below. Permount or Harleco HSR may be used with plain or frosted glass 
slides. 



TABLE 44-12 REFRACTIVE INDICES OF VARIOUS MATERIALS USED IN CYTOLOGY 



Slides, Filters, 
Coverslips 


Index 

Refractive 


Mounting 

Media 


Refractive Index 


Glass slide 


1.515 


Eukitt 


1.4948 


Glass slides, frosted 


1.515 


Harleco, HSR 


1.5202 


Coverslip #1 thinness 


1.523 


Histoclad 


1.586 


Coverslip #1 thinness 


1.523 


Permaslip 


1.5 


Gelman filter 


1.47 


Permount 


1.5144 


Millipore filter 


1.495 


Pro-Texx 


1.495 


Nuclepore filter 


1.584 and 1.616 


Coverbond 


1.54 



Eliminating Pores in Nuclepore Filters 

Nuclepore filters have two refractive indices (1 .584 and 1 .616). It is, therefore, not possible to 
eliminate the outline of the pores by using a mounting medium with a similar refractive index. 

Ocklind (1987) developed a method whereby the pores can be visually eliminated by using a 
specially prepared mounting medium with a refractive index of 1 .584 in combination with 
polarized light. Details of the method and mounting medium preparation are available in the 
cited reference. 

Coverslipping 
Selection of Coverslips 

No. 1 glass coverslips in size 24 x 50 to 60 mm are recommended. The objectives of most 
microscopes are corrected for use with 0.170- and 0.180-mm coverslips, implying that a No. 1.5 
coverslip would do well. However, this correction is based on tissue sections that are thinner 
than cytologic preparations. The thinner No. 1 coverslip will usually compensate better for this 
difference in thickness between tissue sections and smears. 

Co vers lip Application 

Practice is necessary to achieve well-mounted slides, free of air bubbles and artifacts. A 
minimum of mounting medium should be used. Too much mounting medium interferes with 
microscopic detail, making the cell film appear hazy or milky when examined with the high dry 
objective. If the mounting medium and coverslip are applied too slowly, a common artifact 
appears as a brown, retractile pigment-like 
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substance on the surface of the cells (Fig. 44-14). This artifact, sometimes referred to as 
“cornflakes” is caused by air trapped on the surface of the cell when xylene is allowed to 
evaporate. If this artifact occurs, the slide may be soaked in xylene, absolute alcohol, and 95% 
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alcohol, rinsed in running tap water, and restained in OG and EA. In stubborn cases, after the 
running water rinse, the slide may be placed in glycerine for one-half hour and rinsed well in tap 
water prior to reapplication of the counterstains. 



* 




Figure 44-14 Common coverslipping artifact — the appearance of a brown pigment-like 
substance on the surface of squamous cells, also known as “cornflakes.” (x560.) 



Method of Coverslipping Glass Slides 

1 . Remove slide from xylene (Fig. 44-1 5). 

2. Place one or two drops of mounting medium on the glass slide or coverslip. 

3. Lower the coverslip over the glass slide to which mounting medium has been applied. 

Bubbles should be avoided at this point. Alternately, if the mounting medium is applied to the 
coverslip, lower the glass slide over the coverslip and then turn slide right side up. To prevent 
the possibility of contaminating the dropper and mounting medium with cells, the dropper 
should never touch the surface of the slide. 

4. Gently tease bubbles from under the coverslip with an applicator stick and wipe excess 
xylene and mounting medium. 




GENTLY LOWER COVERSLIP ONTO SLIDE 




PLACE 2-3 DROPS OF COURTING 
MEDIUM ON SLIOC 




TEASE AIR BUBBLES FROM SLIDE 
DRY ON FLAT SURFACE 



Figure 44-15 Method of coverslipping. 



Coverslipping Millipore and Geiman Filters 

Prior to mounting, 47-mm filters should be cut in half and the excess margin trimmed from all 
filters. This may be performed with scissors or a scalpel. The filters should be kept wet with 
xylene during cutting. 

1 . Dip a clean glass slide in xylene and drain off excess. 
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2. Place three to four drops of mounting medium on the glass slide and spread over the surface 
of the slide with the dropper or applicator sticks. 

3. Remove filter from xylene and place filter cell side up on paper toweling to drain excess 
xylene. Do not allow filter to dry. 

4. Place the filter cell side up on the glass slide, flatten the filter, and remove air bubbles by 
rolling an applicator stick or glass rod from the center out to each side of the filter. 

5. Place four drops of mounting medium on the filter and gently lower a coverslip over the 
surface of the slide. Do not drain excessive mounting medium. 

6. After carefully wiping the excess mounting medium from the bottom of the slide, allow slide to 
dry on a flat surface. 

An alternate method of mounting Millipore and Gelman filters is as follows: 

1 . Remove filter from xylene. 

2. Soak filter in undiluted mounting medium for 5 minutes. 

P.1605 

Aseparate dish should be used for each filter to avoid contamination. Plowden and Gill 
(1975) suggested the use of disposable 70 * 17 mm aluminum foil weighing dishes and 
recycling of the mounting medium by filtering it through a 7-pm pore size Millipore Duralon 
filter (Millipore Corporation; catalog no. NSG04700). 

3. Remove the filter from the mounting medium and suspend the filter to allow the excess 
mounting medium to drain from the filter surface. The drops should stop falling. Excess 
mounting medium will make focusing difficult and the cells will appear milky or cloudy. 

4. Lay the filter on a clean glass slide, cell side up, and gently lower the coverslip. Expel air 
bubbles that have been trapped by gentle pressure of an applicator stick. 

5. Allow slide to dry on a flat surface. 

Each of these two methods minimizes the risk of xylene evaporation and the drying of the filter, 
which can produce fern-like opacities. 

Filters should be allowed to dry thoroughly on a flat surface before being permanently filed. 

Cooking Slides for Rapid Screening 

Graham's method of “cooking” slides allows them to be immediately screened. This procedure 
is not suitable for filters. 

1 . Remove slide from xylene. 

2. Place three to four drops of mounting medium on glass slide and invert coverslip on top of 
glass slide. 

3. Place slide on an electric hot plate set at medium temperature and covered with aluminum 
foil. 

4. Leave the slide on the hot plate until the mounting medium bubbles evenly over the entire 
slide. 

5. Remove the slide from the hot plate with forceps and press the surface of the coverslip to 
expel bubbles and excess mounting medium. Alow the slide to cool for a few minutes. 

6. Clean the slide of excess mounting medium by rinsing in xylene or by removal with a razor 
blade. 

Other Stains Useful in Diagnostic Cytology 

The use of stains other than the Papanicolaou stain in routine diagnostic cytology has been 
limited. However, the ease with which cells can be obtained with the aid of a fine needle from 
organs that are not accessible to exfoliative cytology and advances in the understanding of the 
histochemical properties of cells has resulted in the greater application of immunocytochemical 
stains to cytologic material. Immunocytologic procedures and stains are discussed in Chapter 
45. The stains listed in this text are not as routinely performed as they once were but still may 
be helpful at times. The principal staining procedures and their purposes are listed in Table 44- 
13. 

Al the staining procedures listed in this text may be used for cell blocks or smears unless 
otherwise indicated. Since there is a marked variation in the thickness of the paraffin sections 
and smears, it will be necessary to vary the times of staining in the different dyes to obtain good 
results. Individual experimentation is required. 
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Dyes 

Dye powders should be obtained from reputable manufacturers and certified by the Biological 
Stain Commission. Certification ensures that minimum dye content levels are met and that the 
dye has been tested in staining procedures to see that it produces the classically described 
results. Dyes should be stored in a cool, dark place. 

All dyes used in the procedures listed in this text can be obtained from Bio-Medical Specialists, 

Santa Monica, CAand E. Gurr Ltd, SW 14 London, UK. 

Color Index Numbers (Cl. No.) 

Names of dyes vary from region to region and country to country. For this reason, dyes have 
been cataloged by a five-digit number that unequivocally identifies the dye. The color index 
number should be specified when purchasing all dyes. For each dye listed in this text, the Cl. 
no. (Lillie and Fullmer, 1976) is provided, if available. 

Dye Solubility and Impurities 

The solvent for most dyes is either alcohol or water, or both. The methods described for 
preparation of the stains should be carefully adhered to in order to ensure maximum solubility. 

Most of the dyes currently available are purer than those produced in the past. However, all 
dyes with a dye content of less than 100% contain impurities that may help or hinder the 
staining reaction. It is, therefore, necessary to compare the results obtained from the dyes of 
different manufacturers and between two batches from the same manufacturer. 

Total Dye Content 

Dyes certified by the Biological Stain Commission must meet minimum dye content levels. 

However, there is still a marked variation in percentage dye concentration from one batch of 
dye to another. For example, the minimum percentage dye concentration of Bismarck Brown Y 
for certification is 45% and the percentage concentration of a recent batch submitted for 
certification was 52%. Unfortunately, very few published methods include the percentage dye 
content. Greater precision and accuracy will result if the amount of actual dye used is 
calculated. The percentage dye content of certified dyes is printed on the label. For example, if 
good results were obtained with 5 g of 93% basic fuchsin, the weight of the actual dye used 
was 4.65 g (5 g x 0.93). The amount of basic fuchsin required to yield similar results can then 
be calculated for different batches of dye. For example, the number of grams of dye needed to 
yield 4.65 g of actual dye from an 88% dye concentration of basic fuchsin would be: 

Number of grams of new batch required = Total actual dye required/Concentration (new batch) 
or xg = 4.65 g/,88 = 5.28 g. In other words, 5.28 g of that particular batch of basic fuchsin is 
needed to obtain 4.65 g of actual dye. 
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TABLE 44-13 STAINS WITH SPECIAL PURPOSE 



Category 


Use 


Stain 


Fixative 


Histologic 
Sections or 
Aspiration 
Smears 


Routine stain for paraffin 
sections and cell blocks 


1. Hematoxylin 
and eosin 

2. Hematoxylin 
- orange 
eosin 


*A. 95% ethyl 
alcohol or 
equivalent 








1"B. All fixatives 

listed 

previously 


Hormonal 
Evaluation 
(Smears Only) 


A single stain to 
differentiate superficial 
and intermediate cells 


Shorr 


A. 95% ethyl 
alcohol or 
equivalent 




Rapid wet method to 
differentiate superficial 
and intermediate cells 


Rakoff 


None 
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Barr's Body 


Sharply differentiate sex 


1. Blebrich- 


A. 95% ethyl 




chromatin from nuclear 


Scarlet 


alcohol or 




chromatin 


(Guard stain) 

2. Acetic- 
Orcein 

3. Cresyl-Violet 
(Moore and 
Barr) 

4. Feulgen 
reaction 


equivalent 


Pigments 


Bile 


Fouchets 

method 


A 95% ethyl 
alcohol or 
equivalent 

B. All fixatives 

listed 

previously 




Melanin-t 


Ferous ion 
uptake 


Same as 
above 




Hemosiderin (Iron) 


Prussian blue 
(Peris's) 


A 95% ethyl 
alcohol or 
equivalent 

B. 10% 

buffered 

formalin 


Microorganisms 


Sharply delineates fungi 


Grocotts's 


A 95% ethyl 


and Parasites 


and Pneumocystis carinii 


methenamine 

silver 

(Churukian and 
Schenk) 


alcohol or 
equivalent 

B. 10% 

buffered 

formalin 




Stains fungi and cyst wall 


Gram-Weigert 


A 95% ethyl 




of Pneumocystis carinii 


(Krajian) 


alcohol or 
equivalent, or 
air-dry 

B. 10% 

buffered 

formalin 




Stains most fungi 


Periodic acid 
Schiff 


A 95% ethyl 
alcohol 

B. 10% 

buffered 

formalin 




Capsule of cryptococcus 


Muci carmine 
(Mayer's) 


A Absolute 
ethanol or 
propanol 

B. 10% 

buffered 

formalin 
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Stains most 
microorganisms and 
parasites 


Giemsa 

Gram 


A 95% ethyl 
alcohol or 
equivalent or 
air-dried 
smears 








B. Al fixatives 

listed 

previously 


Carbohydrates 


Stains all carbohydrates 
to identify colloid, fungi, 
glycogen, mucin, and so 
on 


Periodic acid 
Schiff 


A 95% ethyl 
alcohol 

B. 10% 

buffered 

formalin 




Same as above except 
glycogen is eliminated 


Periodic acid 
Schiff with 
diastase 
digestion 


Same as 
above 




Specific for epithelial 
mucins 


Mucicarmine 

(Mayer's) 


A Absolute 
ethanol or 
propanol 








B. 10% 

buffered 

formalin 


Lipids 


Stains all lipids 


Sudan Black B 


A. 37%-40% 
formalin vapors 








B. 10% 

buffered 

formalin 




Stains neutral fats to 
determine if histiocytes 
have phagocytized fat in 
lipid pneumonia 


Oil Red 0 


Same as 
above 




Determination of fetal 
maturity 


Nile blue 
sulfate 


None 


Nucleic Acids 


Specific for DNA 


Feulgen 

reaction 


A 95% ethyl 
alcohol or 
equivalent 








B. 10% 

buffered 

formalin 




Specifically differentiates 
RNAand DNA 


Methyl green- 
pyronin 
(Kurnick's 
variant) 


Same as 
above 


Hematologic or 

Air-Dried 

Smears 


Blood and bone marrow 
smears. Preferred by 
some for all cytologic 


1 . Wright stain 

2. Giemsa stain 

3. Wright- 


A Air-dried or 
95% methyl 
alcohol 
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material 


Giemsa 
4. May- 
Grunwald 
Giemsa 




Wet Cell 


Determination of fetal 


Nile blue 


None 


Samples 


maturity 


sulfate 






Hormonal evaluation 


Rakoff 


None 




Differentiates histiocytes 
and leukocytes from 
neoplastic and 
mesothelial cells 


Neutral red- 
Janus green 
(Foot and 
Holmquist) 


None 




Rapid method for 
examining wet sediment 


1. Thionine 
blue 

2. Methylene 
blue 

3. Toluidine 
blue 


None 



A= Fixative recommended for use with smears. 

B = Fixative recommended for histologic sections. 

! Several immunostains such as HMB45 and Melan A103 are now available to 
document the presence of melanin. 
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Preparation of Dyes and Solutions 

Most staining solutions do not need to be prepared fresh whenever they are used. Flowever, in 
some cases, two or more stock solutions are mixed immediately prior to use. Some of the 
methods presented in this text will list both stock and working solutions. When this is the case, it 
is always the working solution that is to be used in the staining procedure itself. 

Table 44-1 3 lists the special stains contained in this text. Fixative A refers to the fixative 
recommended for smears and B refers to the fixative recommended for cell blocks. The use of 
improper fixatives will render staining results invalid in some procedures. Thus, close attention 
to the recommended fixative is suggested. 

Routine Stain for Histologic Sections: Hematoxylin-Eosin 



Preparation of Stains 




Modified Harris' Hematoxylin 




Hematoxylin Cl. No. 75290 


5g 


Absolute alcohol (ethyl) 


50 ml 


Alum (ammonium or potassium) 


100 g 


Distilled water 


1,000 ml 


Mercuric oxide 


2.5 g 



1. Dissolve hematoxylin in alcohol. 

2. Dissolve alum in water by aid of heat. Remove from heat and mix the two solutions. 

3. Heat mixture to boiling point. Remove from heat and add mercuric oxide. 

4. As soon as mixture turns a dark purple, cool quickly by plunging the vessel into cold water. 

5. When cool, add 8 ml of glacial acetic acid to enhance nuclear stain. 
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Eosin 

Eosin, Y Cl. No. 45380 16 g 

Potassium dichromate 8 g 

Picric acid (saturated aqueous) 160 ml 
95% Alcohol (ethyl) 160 ml 

Distilled water 1 ,280 ml 

Dissolve eosin and potassium dichromate water; warm slightly if required. Add picric acid and 
alcohol. 

Staining Procedure 

Begin with step 1 for paraffin sections and step 8 for smears. 



. Xylol 


5 minutes 


. Xylol 


5 minutes 


Absolute ethyl alcohol 


15 dips 


Absolute ethyl alcohol 


25 dips 


95% Ethyl alcohol 


15 dips 


80% Ethyl alcohol 


15 dips 


. 70% Ethyl alcohol 


15 dips 


Wash in distilled water 


15 dips 


Harris's hematoxylin (modified — 2 minutes or according to preference) 




Wash in running tap water until excess stain is removed (approximately 1 minute) 


Acid alcohol (1 .5 ml of concentrated HCI in 650 ml of 70% ethyl alcohol) — two to three 
dips or until specimen is red in color 


Wash in running tap water 


30 seconds 


Lithium carbonate solution (1 .5 ml saturated lithium carbonate 
solution, 650 ml of 70% ethyl alcohol 


1 minute 


Wash in tap water 


15 dips 


. 50% Ethyl alcohol 


15 dips 


Eosin 


approximately 20 
seconds 


Wash in running tap water until excess stain is removed (approximately 1 minute) 


95% Ethyl alcohol 


15 dips 


95% Ethyl alcohol 


15 dips 


Absolute ethyl alcohol 


15 dips 


Absolute ethyl alcohol 


1 minute 


. Xylol 


15 dips 


. Xylol 


15 dips 


. Xylol 


5 to 10 minutes 


Mount 
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Stains Used in Hormonal Evaluation 
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Shorr's Stain (1941) 

A single differential stain for hormonal evaluation of squamous cells in vaginal smears. 



Components 



Ethyl alcohol (50%) 


100 ml 


Biebrich scarlet Cl. No. 26905 


0.5 g 


Orange G Cl. No. 16230 


0.25 g 


Fast-green FCF Cl. No. 42053 


0.075 g 


Phosphotungstic acid 


0.5 g 


Phosphomolybdic acid 


0.5 g 


Glacial acetic acid 


1.0 ml 



Procedure 

The solution should not be used until all the ingredients have dissolved completely. 

1 . Aspirate the vaginal secretion by means of a dry pipette with rubber bulb attached. Expel and 
smear on a glass slide. Alternately use scrape smears of lateral vaginal wall. 

2. Fix, while wet, in 95% ethyl alcohol. Fixation for 1 or 2 minutes is adequate. 

3. Stain for approximately 1 minute. 

4. Carry through 70%, 95%, and absolute alcohol, dipping slide 10 times in each solution. 

5. Clear in xylol and mount. 

Results 

The stain provides a sharp differentiation between cornified (fully keratinized) and noncornified 
squamous cells. The former stain a brilliant orange-red; the latter take on a green stain that is 
deeper in the younger cells and paler in the more mature ones. Other constituents, such as 
leukocytes, erythrocytes, bacteria, and spermatozoa, can be recognized. 

Rakoffs Method 

Rapid method of hormonal evaluation using wet smears. 

Components 

Light green Cl. No. 42095 5% Aqueous solution 83 ml 

Eosin Cl. No. 45380 1% Aqueous solution 17 ml 

Mix these two solutions. 

Procedure 

1 . Moisten cotton-tipped applicator with saline solution or a scraper and make several vertical 
strokes along the lateral middle third of the vagina. 

2. Drop swab into a test tube containing 1 to 2 ml of saline solution. 

3. Place three drops of the Rakoff stain into the test tube and gently stir the solution with swab. 

4. Transfer one to two drops of this mixture to a glass slide and coverslip. 

Results 

Cytoplasm stains brightly eosinophilic and basophilic. Vesicular nuclei are distinctly stained, 
while pyknotic nuclei have sharply stained margins but are pale. 

Stains Used in the Identification of Sex Chromatin 

Although vaginal smears may be used for the purpose of sex chromatin identification, buccal 
smears are preferable (see Chaps. 9 and 21 ). Obtain scrapings of buccal mucosa by drawing 
edge of metal spatula firmly over an area. Discard the first material and gently scrape the same 
area a second time to obtain deeper and better preserved cells. Smears taken from the soft 
palate also yield an abundance of well-preserved intermediate cells with vesicular nuclei. Make 
smear and immediately fix in 95% ethyl alcohol. It is always a good procedure to run a control 
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One hundred single cells are counted. Count only those cells with unwrinkled, well-preserved, 
open vesicular nuclei. If only unequivocal sex chromatin bodies are counted, the count for 
males should be 0, and the count for females 20% to 40%. 

Bierbrich Scarlet-Fast Green (H.R. Guard, 1959) 

Components 
Biebrich Scarlet Stain. 

Biebrich scarlet-water soluble Cl. No. 26905 (Harleco) 1 .0 g 



Phosphotungstic acid 0.3 g 

Glacial acetic acid 5.0 ml 

50% Ethyl alcohol 1 00 ml 

Fast-Green Stain. 

Fast-green FCF (Flarleco) Cl. No. 42053 0.5 g 

Phosphomolybdic acid 0.3 g 

Phosphotungstic acid 0.3 g 

Glacial acetic acid 5.0 ml 

50% Ethyl alcohol 100 ml 

Staining Procedure 



Our laboratory has found the following procedure to be satisfactory. 

1 . From fixative, transfer smear to 70% alcohol for 2 minutes. 

2. Stain in Biebrich scarlet for 5 minutes. 

3. Rinse in 50% alcohol. 

4. Differentiate in fast-green FCF from 2 to 5 hours. During 
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this step, check the differentiation under a microscope at hourly intervals. When all the cells 
reveal green cytoplasm and all the vesicular nuclei are also green, the reaction is complete, 
usually in approximately 4 hours. Flowever, the pyknotic nuclei will not be differentiated and 
will be bright red. 

5. Rinse in 50% alcohol and let remain in the alcohol for 5 minutes. 

6. Dehydrate in 70%, 95%, and absolute alcohols for 2 minutes each. 

7. Clear in 3 changes of xylol for 2 minutes each. 

8. Mount with a permanent mounting medium. 

Results 

The nuclei stain pale green; the sex chromatin stains pink to red and is seen as a V-shaped or 
triangular condensation with the base attached to the nuclear membrane. A narrow halo is 
usually noted around the unattached side. Athin, single or multiple strand of chromatin material 
is often observed running from the sex chromatin body toward the center of the nucleus. For 
further details, see Chapters 4 and 29. 

Acetic Orcein and Fast-Green Stain 

Orcein (natural) 1 g 

Hot glacial acetic acid 45 ml 
Distilled water 55 ml 

Heat acid to 80° to 85°C in flask placed in beaker containing water. Add orcein while shaking or 
stirring rapidly. Add distilled water while continuing to stir or shake flask. Stopper flask and 
place under cold running water. When the stain has cooled, filter and store in a brown bottle. 

The stain keeps very well. 
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Fast green Cl. No. 42053 0.03 g 

95% Ethyl alcohol 100 ml 

Add fast green to the alcohol, and stir or shake to dissolve. 

Staining Procedure 

1 . Fix smears in 95% ethyl alcohol for 30 to 60 minutes. 

2. Hydrate slides through 80%, 70%, and 50% ethyl alcohol and distilled water — 5 dips each. 

3. Stain in acetic orcein stain for 5 minutes (a control slide should be used, as staining time in 
acetic orcein may vary according to the age of stain). 

4. Wash for 10 seconds in distilled water. 

5. Dehydrate in 50%, 70%, 80%, 95% ethyl alcohol — 5 dips each. 

6. Stain in fast green for 1 minute. 

7. Wash in 95% ethyl alcohol, absolute ethyl alcohol, absolute ethyl alcohol, and equal parts of 
xylol — 5 dips each. Clear in xylol for 5 minutes. 

8. Coverslip preparation, using Permount. 

Results 

The sex chromatin body stains red, and the cytoplasm stains pale green. This stain also may be 
used for metaphase chromosomal preparations. 

Cresyl Violet (Moore and Barr) 



Components 




Cresyl violet 1 g 




Distilled water 100 ml 




Staining Procedure 




1 . Water 


5 minutes 


2. Cresyl violet 


7 minutes 


3. 95% alcohol 


3 minutes 


4. 95% alcohol 


2 minutes 


5. Absolute alcohol 


5 minutes 


6. Xylene 


15 dips 


7. Mount with permanent mounting medium. 



Results 

The nuclei stain pale pink, and the sex chromatin stains deep pink to violet. 

Stains for Pigments 
Fouchet's Method for Bile 
Components 

Fouchet's Stock Solutions. 

A 25% Aqueous trichloroacetic acid 
B. 10% Aqueous ferric chloride 

Fouchet's Working Solutions. 

Solution A 100 ml 

Solution B 10 ml 
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Van Cie son's Picro-Fuchsin. 

1% Aqueous acid fuchsin Cl. No. 42685 10 ml 

Saturated aqueous picric acid 100 ml 

Staining Procedure 



Begin with step 1 for paraffin section and step 8 for smears. 


1 . Xylol 


5 minutes 


2. Xylol 


5 minutes 


3. Absolute ethyl alcohol 


15 dips 


4. Absolute ethyl alcohol 


15 dips 


5. 95% Ethyl alcohol 


15 dips 


6. 80% Ethyl alcohol 


15 dips 


7. 70% Ethyl alcohol 


15 dips 


8. Wash in distilled water 


15 dips 


9. Fouchet's working solution 


5 minutes 


10. Distilled water 


1 minute 


11. Distilled water 


1 minute 


12. Van Gieson's picro-fuchsin 


5 minutes 


13. 95% Alcohol 


15 dips 


14. 95% Alcohol 


15 dips 


15. Absolute alcohol 


15 dips 


16. Absolute alcohol 


15 dips 


1 7. Xylene 


15 dips 


18. Xylene 


15 dips 


19. Mount with permanent mounting medium. 


Results 

Bile pigments stain olive green, collagen stains red, and the background stains yellow. 



P.1610 

Ferrous Ion Uptake for Melanin 
Stain Components 

1 . Prepare a 2.5% aqueous solution of ferrous sulfate. 

2. Prepare a 1 .0% solution of potassium ferricyanide in 1 % acetic acid. 

3. Nuclear fast red Cl. No. 60760 (Kernechtrot): Heat to dissolve 0.1 g of nuclear fast red in a 
5% solution of aluminum sulfate. Let cool, filter, and add a grain of thymol. 

Staining Procedure 

Begin with step 1 for paraffin sections and step 8 for smears. 



Xylol 


5 minutes 


Xylol 


5 minutes 


Absolute ethyl alcohol 


15 dips 


Absolute ethyl alcohol 


15 dips 
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5. 


95% Ethyl alcohol 


15 dips 


6. 


80% Ethyl alcohol 


15 dips 


7. 


70% Ethyl alcohol 


15 dips 


8. 


Wash in distilled water 


15 dips 


9. 


Ferrous sulfate solution 


1 hour 


10. 


Distilled water 


1 minute 


11. 


Distilled water 


1 minute each 


12. 


Distilled water 


1 minute each 


13. 


Distilled water 


1 minute each 


14. 


Potassium ferricyanide 


30 minutes 


15. 


1 % Acetic acid 


15 dips 


16. 


Distilled water 


15 dips 


17. 


Nuclear fast red 


1-2 minutes 


18. 


Distilled water 


15 dips 


19. 


95% Ethyl alcohol 


15 dips 


20. 


Absolute ethyl alcohol 


15 dips 


21. 


Xylol 


15 dips 


22. 


Xylol 


15 dips 


23. 


Mount in permanent mounting medium. 



Results 

Melanin stains dark blue to dark green, and the background stains red to pink. Several other 
more specific immunostains for melanin are now available, such as HMB45 and Melan A103 
(see Chapter 45). 

Prussian Blue Reaction for Hemosiderin (iron) (Peris') 

Components 

A. Potassium ferrocyanide 2% aqueous 

B. Hydrochloric acid 2% 

C. Neutral red Cl. No. 50040 1% aqueous 

Staining Procedure 

Begin with step 1 for paraffin-embedded tissue sections and with step 8 for smears. 



1 . Xylol 


5 minutes 


2. Xylol 


5 minutes 


3. Absolute ethyl alcohol 


15 dips 


4. Absolute ethyl alcohol 


15 dips 


5. 95% Ethyl alcohol 


15 dips 


6. 80% Ethyl alcohol 


15 dips 


7. 70% Ethyl alcohol 


15 dips 


8. Wash in distilled water 


15 dips 


9. Equal parts solution A and B 


30 minutes 
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10. 


Distilled water 


15 dips 


11. 


Distilled water 


15 dips 


12. 


Distilled water 


15 dips 


13. 


Neutral red 


1 0 to 1 5 seconds 


14. 


Distilled water 


15 dips 


15. 


Distilled water 


15 dips 


16. 


Distilled water 


15 dips 


17. 


95% Alcohol 


15 dips 


18. 


95% Alcohol 


15 dips 


19. 


Absolute alcohol 


15 dips 


20. 


Absolute alcohol 


15 dips 


21. 


Xylene 


15 dips 


22. 


Xylene 


15 dips 


23. 


Mount 





Results 

Ferric iron-containing pigments (hemosiderin) stain blue; the nuclei stain red. 

Stains for Microorganisms and Parasites 

As a result of the AIDS epidemic, laboratories have been challenged by the dramatic increase 
of samples submitted for determination of the presence of organisms that cause opportunistic 
infections. Most notably, an increasing number of patients are presenting with respiratory 
infections. Pneumocystis carinii is high on the list of pathogens responsible for these 
infections. Gomori's and Grocott's methenamine silver stain have been the traditional methods 
of choice for demonstrating this organism. The silver stain has a greater individual sensitivity as 
compared to that of other methods since it gives good contrast between the background of the 
smear and the organism. An abundance of literature has sprung from modifications of the stain 
to make it easier and quicker to perform. A number of rapid methods have been reported that 
use hot plates, water baths, and microwave ovens to speed silver impregnation. 

With experience gained from seeing numerous positive cases, many have reported success 
with other rapid stains such as Diff-Quick, cresyl violet, and the routine Papanicolaou smear. In 
the routine Papanicolaou stain, organisms appear in foamy, honeycombed masses that stain 
eosinophilic or basophilic and are often two-toned. Ghali et al (1980) reported that 
Pneumocystis emits bright fluorescence in routine Papanicolaou-stained smears, examined 
under ultraviolet illumination. (For further comments, see Chap. 19.) 

Many of these alternatives have been used successfully in our laboratory. The sensitivity of 
each method in detecting Pneumocystis carinii ultimately depends on the experience of the 
observer rather than the specificity of the stain. 

P.1611 



MethenamineSHver Stain: Grocott's Method 

Demonstrates Pneumocystis carinii and fungi. 

Components 

1 . Methenamine silver nitrate 

Stock solution: Mix 100 ml of 3% methenamine (hexamethy-lenetramine) and 5 ml of 5% 
silver nitrate. Shake well. 

Working solution: Mix 25 ml of the stock solution with 25 ml of distilled water and 2 ml of 
5% borax (sodium borate). 



2. Fast Green FCF Cl. No. 42053 

Stock solution: Dissolve 0.2 g of fast green in 1 00 ml of 0.2% acetic acid. 
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Working solution: Mix 1 0 ml of stock solution with 40 ml of distilled water. 

3. Prepare 5% solution of chromium trioxide. 

4. Prepare 1% solution of sodium bisulfite. 

5. Prepare 0.2% solution of gold chloride. 

6. Prepare 2% solution of sodium thiosulfate. 

Staining Procedure 

Start with step 1 for paraffin-embedded histologic sections and with step 8 for smears. 



5 

1 . Xylol minutes 

5 

2. Xylol minutes 

3. Absolute ethyl alcohol 15 dips 

4. Absolute ethyl alcohol 15 dips 

5. 95% Ethyl alcohol 15 dips 

6. 80% Ethyl alcohol 15 dips 

7. 70% Ethyl alcohol 15 dips 

8. Wash in distilled water 15 dips 

9. 5% Chromium trioxide (place Coplin jar with solution and slides in a 43°C 2 

water bath) minutes 

10. Transfer Coplin jar to a 58°C water bath 15 

minutes 

11. Tap water 15 dips 

30 

12. 1% Sodium bisulfite seconds 

15 

13. Running tap water seconds 

14. Distilled water 15 dips 

15. Distilled water 15 dips 

16. Distilled water 15 dips 

17. Distilled water 15 dips 

18. Methenamine-silver (freshly mixed working solution). Place Coplin jar with 2 

solution and slides in 43° water bath minutes 

19. Transfer Coplin jar to a 58°C water bath 2-3 

minutes 

20. Distilled water 15 dips 

21. Distilled water 15 dips 

22. Distilled water 15 dips 

23. Distilled water 15 dips 

24. 0.2% Gold chloride (depends on freshness) 20 to 30 

dips 

25. Distilled water 15 dips 

15 dips 
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26. Distilled water 


each 


27. 2% Sodium thiosulfate 


1 

minute 




15 


28. Running tap water 


seconds 




30 


29. Fast green (working solution) 


seconds 




15 


30. Running tap water 


seconds 


31 . Distilled water 


15 dips 


32. Distilled water 


15 dips 


33. 95% Ethyl alcohol 


15 dips 


34. 95% Ethyl alcohol 


15 dips 


35. 95% Ethyl alcohol 


15 dips 


36. Absolute ethyl alcohol 


15 dips 


37. Absolute ethyl alcohol 


15 dips 


38. Xylol 


15 dips 


39. Mount with permanent mounting medium. 





Results 

Pneumocystis carinii and fungi stain black, sharply delineated; glycogen and mucin stain rose 
to gray; and the background stains pale green. 

Gram-Weigert Stain 

Demonstration of fungi and cyst wall of Pneumocystis carinii. 

Components 

Eosin. 



Eosin Y Cl. No. 45380 


ig 


Distilled water 


100 ml 


Gentian Violet (Sterling's). 




Crystal violet Cl. No. 42555 


5g 


95% Ethyl alcohol 


10 ml 


Aniline oil 


2 ml 


Distilled water 


88 ml 



Dissolve the crystal violet in the 95% ethyl alcohol and add this to the mixture of aniline oil and 
water that has been previously filtered. 

Iodine Solution (Gram's). 

Iodine 1 g 

Potassium iodide 2 g 

Distilled water 300 ml 

Dissolve the potassium iodide in water and then add the iodine. 



Staining Procedure 

Start with step 1 for paraffin sections and with step 8 for smears. 
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1 . Xylol 


5 minutes 


2. Xylol 


5 minutes 


3. Absolute ethyl alcohol 


15 dips 


4. Absolute ethyl alcohol 


15 dips 


5. 95% Ethyl alcohol 


15 dips 


6. 80% Ethyl alcohol 


15 dips 


7. 70% Ethyl alcohol 


15 dips 


8. Wash in distilled water 


15 dips 


9. Eosin 


5 minutes 


10. Water 


15 dips 


11. Gentian violet 


10 minutes (paraffin sections) 5 minutes 
(smears and frozen sections) 


12. Iodine: Flood slides to wash off gentian 
violet and then place in iodine 


3 minutes 


1 3. Blot with filter paper 




14. Aniline oil and xylol 1:1 


5 minutes (agitate slowly until no color 
rinses out) 


1 5. Blot with filter paper 




16. Xylol — 2 changes 


15 dips each 


17. Mount with permanent mounting medium. 





P.1612 

Results 

Pneumocystis carinii (cyst wall), gram-positive bacteria and fungi stain violet, Gram-negative 
organisms are not stained, and fibrin stains blue-black. 

Gram's Stain 

Distinguishes Gram-negative from Gram-positive bacteria. 

Components 
Lillie 's Crystal Violet. 

Crystal violet Cl. No. 42555 5 g 
95% Alcohol 50 ml 

Ammonium oxalate 2 g 

Distilled water 200 ml 

Dissolve the crystal violet in the alcohol and the ammonium oxalate in water. Combine the two 



mixtures and filter prior to using. 


Lugol's iodine. 




Iodine 


1 9 


Potassium iodide 


2g 


Distilled water 


100 ml 



In a mortar with a small volume of water, grind the iodine and potassium iodide. Pour off the 
supernatant, add another small volume of water, and grind again. Continue these steps until the 
crystals are completely dissolved. Add remaining water to this solution. 
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Neutral Red Cl. No. 50040. Prepare a 1 % aqueous solution. 

Staining Procedure 

Start with step 1 for paraffin sections, with step 8 for fixed smears, or step 9 for air-dried 
smears. 



1 . Xylol 


5 minutes 


2. Xylol 


5 minutes 


3. Absolute ethyl alcohol 


15 dips 


4. Absolute ethyl alcohol 


15 dips 


5. 95% Ethyl alcohol 


15 dips 


6. 80% Ethyl alcohol 


15 dips 


7. 70% Ethyl alcohol 


15 dips 


8. Wash in distilled water 


15 dips 


9. Crystal violet 


1 to 2 minutes 


10. Tap water 


10 dips 


11. Lugol's iodine 


30 seconds to 1 minute 


12. Tap water 


10 dips 


1 3. Acetone 


10 to 15 dips 


14. Running tap water 


5 to 10 minutes 


1 5. Neutral red 


30 seconds to 1 minute 


16. Tap water 


15 dips 


17. Tap water 


15 dips 


18. Tap water 


15 dips 


19. 95% Alcohol 


15 dips 


20. 95% Alcohol 


15 dips 


21 . Absolute alcohol 


15 dips 


22. Absolute alcohol 


15 dips 


23. Xylene 


15 dips each 



24. Mount in permanent mounting medium. 

Results 

Gram-positive organisms stain blue-black, gram-negative organisms stain red, and the 
background stains pink. 

Stains for Carbohydrates 
Periodic Acid -Sch iff Reaction (PAS) 

Components 

Periodic Acid. Prepare a 1% aqueous solution. 

Schiff Reagent. 

Distilled water 100 ml 

Basic fuchsin Cl. No. 42500 1 g 

Sodium or potassium metabisulfite 2 g 
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IN HCI 


20 ml 


Activated charcoal 


0.3 g 



Bring water to a boil and remove from heat. When solution cools to 60°C, add the basic fuchsin. 
Filter and then add the sodium or potassium metabisulfite and HCI. Pour this solution in a 
stoppered, dark bottle and keep at room temperature for 18 to 24 hours. Add the charcoal and 
vigorously shake mixture for 1 minute. Filter this solution and store at 0° to 5°C. Discard this 
reagent when a pink color develops. 

Sodium Metabisulfite Solution. 

Stock solution: Prepare a 10% aqueous solution. 

Working solution: 5 ml of stock mixed with 100 ml of distilled water. 

Pal's Bleach. 



Pal's Bleach. 






Oxalic acid 


0.5 g 




Potassium sulfite 


0.5 g 




Distilled water 


100 ml 




Fast Green. 






Fast green FCF Cl. 


No. 42053 


ig 


1 .0% Acetic acid 




100 ml 



Weigert's Iron Hematoxylin. 

Solution A. 

Hematoxylin 1 g 

Alcohol 95% 100 ml 

Solution B. 

Ferric chloride 29% aqueous 4 ml 
Distilled water 95 ml 

HCI, concentrated 1 ml 

Working solution: equal parts of solutions A and B. 
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Staining Procedure 

Start with step 1 for paraffin sections and step 8 for smears. 



Xylol 


5 minutes 


Xylol 


5 minutes 


Absolute ethyl alcohol 


15 dips 


Absolute ethyl alcohol 


15 dips 


95% Ethyl alcohol 


15 dips 


80% Ethyl alcohol 


15 dips 


70% Ethyl alcohol 


15 dips 


Wash in distilled water 


15 dips 


Periodic acid 


10 minutes 


Running tap water 


10 minutes 



2814/3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 44 - Laboratory Techniques 



11. Distilled water 


15 minutes 


12. Schiff reagent 


15 minutes 


13. Sodium metabisulfite 


2 minutes 


14. Sodium metabisulfite 


2 minutes 


15. Sodium metabisulfite 


2 minutes 


16. Running tap water 


10 minutes 


17. Weigert's hematoxylin 


4 minutes 


18. Running tap water 


5 to 10 minutes 


19. Pal's bleach 


1 dip 


20. Running tap water 


5 minutes 


21 . Distilled water 


15 dips 


22. Fast green 


1 dip 


23. Distilled water 


15 dips 


24. 95% Ethyl alcohol 


15 dips 


25. 95% Ethyl alcohol 


15 dips 


26. Absolute ethyl alcohol 


15 dips 


27. Absolute ethyl alcohol 


15 dips 


28. Xylol 


15 dips 


29. Xylol 


15 dips 



30. Mount with permanent mounting medium. 

Results 

All carbohydrates and fungi stain magenta, nuclei stain black, and the background stains green. 

Periodic Acid-Schiff (PAS) With Diastase Digestion 
Components 

The same solutions as used for the PAS without diastase digestion with the addition of the 
following: 

Diastase Solution. 

Diastase Solution. 

Diastase of malt, USP 0.5 g 
Distilled water 100 ml 

Staining Procedure 

The staining procedure is the same as that for PAS except that one of the slides is placed in the 
diastase solution for 20 minutes prior to step 9. 

Results 

All carbohydrates, including glycogen and fungi, will be PAS-positive (magenta red) in standard 
PAS-stained slide. Glycogen will be unstained in the diastase-treated slide. 

Mayer's Mucicarmine 
Components 

0.25% Metanii Yellow Solution. 

Metanil yellow Cl. No. 13065 0.25 g 
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Distilled water 100 ml 

Glacial acetic acid 0.25 ml 

Mucicarmine Solution. 

Stock solution: 

Carmine Cl. No. 75470 1 .0 g 

Aluminum chloride, anhydrous 0.5 g 

Ethyl alcohol (50%) 100 ml 

Aluminum hydroxide 1 .0 g 

Pour the alcohol in a 250-ml flask and add the carmine and aluminum hydroxide. In a mortar, 
grind the aluminum chloride and add it to the flask. Mix the solution well, rapidly bring it to a boil, 
and boil for 2.5 minutes. Shake the mixture frequently. Place the flask under running tap water 
to cool it rapidly. Filter and store. Shelf life is approximately 3 months. 

Working solution: 

Mucicarmine stock 25 ml 

Tap water 75 ml 

Pal's Bleach, (see above) 

Weigert's Iron Hematoxylin, (see above) 

Staining Procedure 

Start with step 1 for paraffin sections and with step 8 for smears. 



1 . 


Xylol 


5 minutes 


2. 


Xylol 


5 minutes 


3. 


Absolute ethyl alcohol 


15 dips 


4. 


Absolute ethyl alcohol 


15 dips 


5. 


95% Ethyl alcohol 


15 dips 


6. 


80% Ethyl alcohol 


15 dips 


7. 


70% Ethyl alcohol 


15 dips 


8. 


Wash in distilled water 


15 dips 


9. 


Weigert's hematoxylin 


4 minutes 


10. 


Running tap water 


4 minutes 


11. 


Pal's bleach 


1 dip 


12. 


Running tap water 


10 minutes 


13. 


Mucicarmine 


60 minutes 


14. 


Distilled water 


5 dips 


15. 


Metanil Yellow 


1 minute 


16. 


Distilled water 


5 dips 


17. 


95% Alcohol 


15 dips 


18. 


95% Alcohol 


15 dips 


19. 


Absolute alcohol 


15 dips 


20. 


Absolute alcohol 


15 dips 
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21. Xylene 15 dips 

22. Xylene 15 dips 

23. Mount in permanent mounting medium 

Results 

Mucin stains deep rose to red, capsule of Cryptococcus stains deep rose to red, nuclei stain 
black, and other tissue elements stain yellow. 

P.1614 

Stains for Lipids 
Sudan Black B for Smears 
Components 
Stock solution: 

Sudan Black B Cl. No. 26150 0.3 g 
Absolute ethyl alcohol 100 ml 

Shake the mixture vigorously and frequently for 1 or 2 days until the dye is dissolved. Then 
filter. 

Working solution: 

Sudan Black B Stock 30 ml 
Buffer 20 ml 

Filter, using suction through double-thickness No.1 filter paper. This solution will keep for 2 to 3 
weeks. 

Buffer 



Phenol crystals 


16 g 


Absolute ethyl alcohol 


30 ml 


Na 2 HPC> 4 * 


0. 1 1 9 gin 1 00 ml of water 


Mayer's Hematoxylin: MHS-1 Eosin Y Cl. No. 45380: 0.01% Aqueous Acetic Acid: 
Solution (Sigma-Aldrich Co.) 


Staining Procedure 




1 . Fix smear in formalin vapors (see above) 


10 minutes 


2. Air-dry 


10 minutes 


3. Sudan Black B 


30 minutes 


4. 70% Ethyl alcohol (2 changes) 


2 minutes each 


5. Distilled water 


15 dips 


6. Mayer's hematoxylin 


5 minutes 


7. Distilled water 


10 to 15 minutes 


8. 0.01% Eosin Y 


1 dip 


9. 0.5% Acetic acid 


1 dip 


10. Distilled water 


15 dips 


11. Blot and air-dry 





Results 

Phospholipids and granules of granulocytic series stain black, RBC stain pink, and nuclei stain 
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blue. 

Oil Red or Fat Stain 

Occasionally, it may be necessary to stain smears for fat. This may be the case with sputum or 
bronchial washings if there is a suspicion of lipoid pneumonia. When fat stain is required, 
smears should be prepared from fresh, unfixed material and fixed in formalin vapors. 

Preparation of Stains and Mounting Medium 



Oil red, O Cl. No. 


26125 1-2 g 


Alcohol, 70% 


50 ml 


Acetone 


50 ml 


Harris' hematoxylin is used as a counterstain. 
Glycerine jelly 


Gelatin 


lOg 


Distilled water 


60 ml 



Heat until gelatin is dissolved. 

Add: 

Glycerin 70 ml 

Phenol 1 ml 

Staining Procedure 

1. Dip in 70% alcohol for just a second. 

2. Place in a tightly closed container of oil red 0 for 5 minutes or longer (up to 1 hour). 

3. Wash very quickly in 70% alcohol. 

4. Wash in water. 

5. Counterstain in Harris's hematoxylin for a few minutes. 

6. Wash in water. 

7. Blue in ammonia water. If smears appear too dark when removed from hematoxylin, 
differentiate in 1% acetic acid in water solution for a few seconds and then blue in ammonia 
water. 

8. Wash in water. 

9. Mount in glycerin jelly. 

Results 

Fat stains orange to bright red, and nuclei stain blue. 

Stains for Nucleic Acid 
Feulgen Stain * 

This is for specific staining of double-stranded deoxyribonucleic acid. Commercially available 
Feulgen stain, especially provided for a DNA measuring instrument, the CAS 200 is available 
from TriPath Imaging, Inc (Burlington, NC), as the Quantitative DNA Staining Kit. ADNA 
standard calibration-control slide may also be ordered from the same company. 

Procedure 

1 . Bring paraffin sections through xylene and alcohol to water as usual, with the usual iodine 
thiosulfate sequence for removal of mercurial precipitates if required, or use alcohol-fixed 
smears. 

2. Place in normal hydrochloric acid (preheated) at 60°C for 10 minutes. 

3. Immerse in Schiffs reagent for 10 minutes (see above). 

4. Wash 2 minutes in each of three successive baths of 0.05 M metabisulfite. The sulfite baths 
should be discarded daily. 
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5. Wash 5 minutes in running water. 

6. Counterstain a few seconds in 0.01% fast-green FCF Cl. No. 42053 in 95% alcohol. The 
stain does not wash out in alcohol, but if it is too intense, it may be removed promptly in 
water. 

7. Complete the dehydration with 100% alcohol; clear through one change of alcohol and 
xylene (50:50) and two of xylene. Mount in polystyrene, ester gum, Permount, HSR, or other 
synthetic resin or in balsam. 

Results 

Nuclear chromatin is a deep red-purple. 
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Kurnick's Methyl Green-Pyronin Variant (after Lillie, 1965, p 154) 

For demonstration of ribonucleic acid. 

Procedure 

1 . Fix in any one of the following: Carnoy, cold 80% alcohol, cold acetone, neutral formalin; 
embed and section in paraffin as usual or use frozen dried material embedded in paraffin 
directly. Alcohol fixed smears may be used. Deparaffinize and hydrate as usual ( smears 
need only to be rinsed in distilled water prior to step 3). 

2. Stain 6 minutes in repurified 0.2% methyl green ( Methyl green Cl. No. 4258 ) in water or in 
pH 4.2 M/100 acetate buffer. (The solution should be extracted in a separate funnel by 
shaking with successive changes of chloroform until no more color is extracted. 

3. Blot dry and dehydrate with two changes n-butyl alcohol. 

4. Stain 30 to 90 seconds in acetone freshly saturated with pyronin ( Pyronin Cl. No. 45005). 
For more delicate staining, dilute one part of the saturated solution with nine parts of acetone 
and prolong the time somewhat. 

5. Clear directly in cedar oil, wash in xylene, and mount in terpene resin (Permount, HSR). 

Results 

Blue-green chromatin, red nucleoli, pink to red cytoplasm. 

Stains for Hematologic Material and Air-Dried Smears 

Wright's Stain 

For identification of blood cells. Used by some for routine diagnostic purposes in FNA 

Components 
Stock solution: 

Wright's stain 0.5 g 

Absolute methyl alcohol 100 ml 



Working solution: 

Wright's stain stock 25 ml 

Buffer 75 ml 

Buffer (pH 6.4): 

KH2PO4 6.63 g 

Na2HP04 2.56 g 

Distilled water 1 ,000 ml 

Staining Procedure 



1 . Remove slides from 95% methyl alcohol and air-dry. 

2. Flood slides with working solution of Wright's stain. Allow to stand until a metallic sheen 
appears (2-5 minutes). 
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3. Gently rinse slide with a stream of buffer from wash bottle to remove scum. 

4. Rinse the slide under a thin stream of running tap water until thinner parts of smear turn pale 
purple or pinkish red. 

5. Allow slide to dry. Dip dry slide in xylene and mount in gum damar in xylene or other suitable 
mounting medium. 

Giemsa Stain 
Components 
Stock solution: 

Azure II — eosin 2.0 g 
Azure II 1.0 g 

Azure B — eosin 1 .0 g 
Azure A — eosin 0.5 g 

1 . Mix 250 ml of glycerine with 250 ml of methyl alcohol. 

2. Dissolve all dyes in this solution. 

3. Let stand at room temperature overnight. 

4. Shake mixture well for 5 to 10 minutes. 

5. Pour, without filtering, into a dark screw cap bottle and store at room temperature. 

Working solution: 

1 . Mix 5 ml of Giemsa stock solution and 65 ml of water. 



Staining Procedure 

Start with step 1 for paraffin sections and with step 8 for smears. 



Xylol 


5 minutes 


Xylol 


5 minutes 


Absolute ethyl alcohol 


15 dips 


Absolute ethyl alcohol 


15 dips 


95% Ethyl alcohol 


15 dips 


80% Ethyl alcohol 


15 dips 


70% Ethyl alcohol 


15 dips 


Wash in distilled water 


15 dips 


Giemsa working stain 


2 hours 


1 % Acetic acid 


1 quick dip 



1 1 . Blot slide with bibulous paper 

12. 100% ethyl alcohol — until there is only a slight bluish tint to the alcohol that runs off the 
slide 



1 3. Xylene 

14. Xylene 

15. Mount with permanent mounting medium 

Wright-Giemsa Stain 



10 dips 
10 dips 



Components 

Wright's stain (see above). 
Giemsa stain (see above). 
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Phosphate buffer (pH 6.8): 

Potassium phosphate monobasic 7.32 g 

Sodium phosphate dibasic anhydrous 2.8 g 
Distilled water 100 ml 

Staining Procedure 

1 . Remove slide from methyl alcohol and drain off excess alcohol. 

2. Place slide horizontally on rack or flat surface. 

3. Flood slide with Wright stain — 3 minutes. 

4. Flood slide with buffer — 4 minutes. Mix the stain and 

PI 61 6 

buffer by blowing gently on the slide. A metallic sheen appears. 

5. Rinse slide well with tap water and drain off excess water. 

6. Mix one drop of Giemsa with 1 ml of buffer. This must be fresh and made daily. Flood slide 
with this mixture for 20 minutes. 

7. Rinse well with tap water. 

8. Dehydrate smear with 1 0 dips in each of two 95% alcohols: one absolute alcohol and two 
xylenes. 

9. Mount in permanent mounting medium. 

Modified May-Grunwald-Giemsa (MGG) Stain (Zajicek) 

Routine staining for air-dried cytologic preparations (aspiration biopsy smears). 

Components 
May-Grunwaid Reagent. 

Stock solution (keeps 2 weeks): 

Eosin-methylene blue 1 .0 g 

Absolute methanol 100 ml 

Working solution: 

May-Grunwald stock 40 ml 

Absolute methanol 20 ml 

Giemsa Stain. 

Stock solution: 



Azure II — eosin 0.6 g 

Azure II Incubate at 37°C, 3h 0.16 g 
Glycerin 50 ml 

Absolute methanol 100 ml 

Working solution: 

Giemsa stock 10 ml 

Distilled water 90 ml 

Staining Procedure 



1 . May-Grunwald solution 5 minutes 

2. Running water 1 minute 

3. Giemsa solution 15 minutes 
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4. Running water 1 to 2 minutes 

5. Air-dry. No mounting necessary 

Results 

Nuclei stain blue, cytoplasm stains pink to rose, and bacteria stain blue. 

Stock solutions of May-Grunwald and Giemsa reagents are also commercially available from 
several manufacturers. Follow manufacturers' instructions to prepare working solutions. The 
staining procedure may vary somewhat and testing is recommended for optimal results. 

Rapid Stains for Wet Sediment and Preliminary Examination of Aspiration Biopsies 

As discussed at length in Chapter 28, these stains are used for rapid examination of aspiration 
smears at bedside. Some of these stains may also be used for final diagnosis. As suggested by 
Harris and Keebler (1976), these stains may also be used as: (1) a control when setting up 
new cytopreparatory procedures; (2) a check on the cellular preservation of a sample; (3) 
a method of identifying highly positive samples so they may be stained separately; and (4) a 
check on existing cytopreparatory methods. 

Some observers recommend the use of these stains for diagnosis of fluid specimens, such as 
urine, effusions and spinal fluid. We have no experience with this application of rapid stains. 

Three different stains are listed below. Any of them can be used, depending on individual 
preference. 

Thionin Blue 

Thionin blue Cl. No. 52000 1 g 

25% Ethyl alcohol 100 ml 

Glacial acetic acid 2 drops 

Dissolve, let stand 30 minutes, filter, and store in a dark bottle. Frequent filtration and 
refrigeration are required. 

Methylene Blue 

Methylene blue-NF. Cl. No. 52015 1.5 g 
95% Ethyl alcohol 30 ml 

0.1 N potassium hydroxide 2 ml 

Dissolve dye in the alcohol and add the potassium hydroxide. Store in dark bottles and 
refrigerate. 

Toluidine Blue 



Toluidine blue Cl. No. 52040 


0.5 g 


95% Ethyl alcohol 


20 ml 


Distilled water 


80 ml 



Dissolve dye in alcohol and add water. Filter and store in a dark bottle in the refrigerator. 

For use with aspirated sample: 

1 . Fix the smear for at least 1 5 seconds in 70% to 95% ethanol or methanol. 

2. Remove the slide from the fixative and place it on a paper towel. 

3. Apply 1 or 2 drops of toluidine blue or one of the other two stains to the smear. 

4. Cover the slide with a coverslip. After 10 to 15 seconds, blot out the excess stain by turning 
the coverslipped slide over on paper towels and pressing gently. 

5. Examine the slide for adequacy of the specimen while it is still wet and, before it dries, return 
it to the fixative. The coverslip will easily fall off and the smear can be submitted without 
further preparation for Papanicolaou or hematoxylin-eosin stain. 

For use with fluid specimens: 

1 . Place a drop of centrifuged specimen in the center of a glass slide and mix with an applicator 
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2. Coverslip, making sure that the stained specimen is evenly spread on the slide. 

3. Examine 2 to 5 minutes later. 

If, for whatever reason, the slide is to be preserved, the coverslip can be sealed with petroleum 
jelly or, for permanent storage, with nail polish. 

P.1617 



Results 

Methylene blue and toluidine blue stain all cells blue-purple, but distinct differences should be 
observed in the staining of the cytoplasm and the nucleus. In a well-differentiated preparation, 
the nucleoli are visible as more purple structures within the nucleus. Thionin blue gives similar 
results except that erythrocytes remain unstained. 



Diff-Quik Stain 

The Diff-Quik staining procedure is a rapid modification of Wright's stain (see above). The 
fixative and the two staining solutions are purchased in gallon (3.78 liters) containers 
(www.Fishersci.com). The staining procedure involves the following steps: 



1 . Fixative 



20 seconds 



2. Staining solution I 

3. Staining solution II 

4. Distilled water 

5. Ethanol 95% 

6. Absolute ethanol 

7. Xylene 

8 . 



20 seconds 
20 seconds 
1 0 seconds 
1 0 seconds 
1 5 seconds 
1 5 to 20 seconds 



Mount in Coverbond (American Scientific Products) 

The results produced with Diff-Quik are similar to those obtained with Wright-Giemsa (see 
above) and can be used as either rapid or permanent stain. The smears stained with Diff-Quik 
are readily restained with Papanicolaou stain. No destaining is necessary. The Diff-Quik- 
stained smear is processed using one-half the timing for the routine Papanicolaou stain. 



Stains for Flow Cytometry 

As discussed in detail in Chapter 47, fluorescent stains (fluorochromes) have extensive 
application in flow cytometry. Such techniques may also be used for visual assessment of cells. 
There are numerous fluorochromes available for such studies. The two common ones are 
acridine orange (AO) and propidium iodide. Only dyes of the highest degree of purity should be 
used. 

Acridine orange (Polyscience, Inc, Paul Valley Industrial Park, Warrington, PA) is a fluorochrome 
that changes color according to the state of nucleic acids. It fluoresces in green spectrum with 
double-stranded DNAand in red spectrum with single-stranded DNAorwith RNA. The dye is 
finicky to use but has been applied in a number of investigative projects, discussed in Chapter 
47. 



Acridine Orange (AO) 

Astock solution is prepared by dissolving 50 mg of purified AO in 50 ml of distilled water and 
stirring for 8 hours at room temperature in a dark glass flask, to prevent AO degradation by 
oxidation or light. This stock solution must be kept at 4°C in a tightly stoppered brown bottle, for 
not longer than 4 months. Prior to use, dilute the stock solution ten times and keep it cold. It 
should be used only on the day on which it is prepared. Aworking solution is made immediately 
before use by diluting further 1 7 ml of the diluted solution with up to 2 ml of TKM ( TKM 
solution: 50 mM Tris, pH 7.2; 25 mM KCI; 5 mM MgCi?). For AO staining, combine 1 ml of 

the final dilution of AO with a suspension of 2 * io 5 cells in 1 ml of TKM, for a final AO 

concentration of 4.25 x 10'® g/ml. Allow to equilibrate for 5 minutes at 25°C. All fluorescence 
measurements must be completed within ten minutes after staining. This procedure must be 
repeatedly tested by constructing concentration curves. 
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Propidium Iodide 

Propidium iodide (PI) (Cal-Biochem, La Jolla, CA) is used for measurement of DNAin flow 
cytometry. This stain is considered a reliable indicator of DNA concentration and is less 
sensitive to environmental conditions than AO. A stock solution containing 250 mg of PI in 100 
ml of distilled water is prepared. This mixture is stirred at room temperature until dissolved and 
then stored in a dark brown bottle at 4°C. The unused solution is discarded after 6 months. A 
working solution is prepared by diluting the stock solution 50 times with 0.1 % sodium citrate. 

The cells are stained with PI by resuspending 1 x io 5 cells in 1 ml of PI working solution. The 
cells are allowed to stand for at least 5 minutes but not more than 15 minutes at 4°C before 
fluorescence measurements. In the Appendix to Chapter 47, several modifications of this stain 
are discussed. 

SPECIAL TECHNIQUES 

Special techniques have been devised for isolation of cells from very small samples. 

Sedimentation Technique for Cerebrospinal Fluid* 

This technique is based on the principle of slow absorption of fluid by hard filter paper. If the 
absorption is very slow, the cells will sink to the slide placed beneath. The absorption is slowed 
down by placing heavy weights on the filter paper. 

Apparatus 

The apparatus can be constructed in a machine shop (Fig. 44-16). 

■ Slide holder 

■ Tube holder 

■ Weights 

■ Glass tube 15 mm in diameter and 20 mm high 

■ Filter paper (Green 602 or Schleicher and Scholl 602 hard is acceptable) 

Procedure 

Approximately 1 ml of fresh cerebrospinal fluid is placed in a small glass tube 15 mm in diameter 
and 20 mm high. The open end of the tube is placed against a glass slide covered with a piece 
of filter paper (see Fig. 44-16). The paper is perforated and the size of the hole corresponds to 
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the internal diameter of the tube. Place tube within the hole. The cells sink to the bottom of the 
tube and settle on the slide and the fluid portion of the specimen is slowly absorbed by the filter 
paper. A large percentage of the cell is absorbed by the paper at the beginning of 
sedimentation, if the filter paper is completely dry. This can be partially prevented by passing 
0.5 ml of saline solution through the tube before introducing the cerebrospinal fluid. 



2824 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



44 - Laboratory Techniques 




□ B 




Figure 44-16 Apparatus for sedimentation technique for spinal fluid. Top. Cross- 
section of the apparatus. A Glass slide. B. Filter paper. The rate of fluid absorption is 
regulated by weights, placed on top of the rubber block C. C. Rubber block with a hole 
accommodating a glass tube filled with spinal fluid. D. Glass tube with open end resting on 
glass slide. Bottom. View of the apparatus from above. Parts are as above. E Adjustable 
weights. The pressure is transmitted via the rubber block C and regulates the rate of fluid 
absorption by the filter paper (B). (After Bots GT, Went LN, Schaberg A Results of 
sedimentation technique for cytology of cerebrospinal fluid. Acta Cytol 8:234-241, 1964.) 



To regulate the rate of sedimentation and to limit the loss of cells, the glass tube is placed in a 
block of rubber in which a hole has been bored. Attachment of adjustable weights to the rubber 
block allows control of speed of fluid absorption. A weight of 3 kg applied on the correct filter 
paper results in sedimentation of 1 ml of cerebrospinal fluid with a normal protein content in 
approximately 25 minutes. 

When the protein content of the cerebrospinal fluid is high, the rate of sedimentation is slower. 

If the quantity of fluid is not appreciably decreased in approximately 30 minutes, the weights on 
the lever must be adjusted to reduce the pressure. Sedimentation time of less than an hour can 
be achieved fairly consistently by the use of this procedure. After sedimentation is complete, the 
preparation is allowed to dry. The cells may be stained by the Giemsa or other methods. 

The disadvantage of this method lies in cell distortion due to drying. However, if proper 
adjustment is made to prevent this, excellent diagnostic results can be achieved. 

Results 

Bots et al (1964) reported that malignant cells were detected cytologically in 16 of 31 cases 
with histologically confirmed tumors or leukemias affecting the central nervous system. 
Identification of tumor type was possible in 13 of the 16 positive cases. 

Excellent results with an essentially similar method were reported by Enestrom (1965). 



Pasteur Pipette Method 

This method (developed by G.R. Durfee, G. Welborne, and L.G. Koss) can be used 
advantageously for cerebrospinal fluid and other fluids with sparse cell population (Fig. 44-17). 
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Materials 

1 . Prepare microcentrifuge tubes by cutting off tops of 5 3 /i-inch Pasteur pipettes at indentation, 
so that final length of the tube is 4% inches. Flame tip of tube to close opening. 

2. Nine-inch disposable Pasteur pipettes with standard dropper bulb for transfer of fluid 
specimen or for removal of supernatant fluid. 

3. Clinical centrifuge (International Equipment Company, Needham, MA) with 4-place No. 215 
horizontal head, trunnion rings, and shields for accommodating 50-ml tubes. Use cylindrical 
rubber blocks (International Equipment Company) that fit shields and extend 1/16 inch above 
lip of shield. The blocks are bored to accommodate five of the above constructed microtubes. 

Each block is grooved slightly the entire length of one side to facilitate removal if a tube 
breaks and liquid seeps between shield and block, creating undue suction. 

4. Slides covered with Mayer's albumin or other adhesive. 

Procedure 

Place closed-tip microtube in bored rubber blocks. Mix specimen thoroughly. T ransfer fluid into 
each tube with 9-inch Pasteur pipette with bulb. Place tip of transfer pipette into tube as far as 
narrowed portion and gently drop specimen while withdrawing pipette slowly. Fill to a half inch 
from the top of microtube. Balance and centrifuge at approximately 200 rpm for 30 minutes. 

After centrifugation, gradually remove supernatant fluid with 9-inch pipette by starting from top 
and using gentle suction as narrow portion of tube is approached. Care must be taken not to 
suck up specimen button formed at tip. Afew drops of liquid will remain in tip over specimen 
button. Lay tip of microtube on an adhesive-coated slide and cut 
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off tip with a vial file below button. The few drops of liquid left in the tip of microtube are usually 
sufficient to expel the button onto slide. If the button is not expelled, place dropper bulb on 
microtube and gently force out. Smear button on albuminized slide with tip of microtube and dry 
in air for 5 to 10 seconds before placing in fixative (95% ethyl alcohol). Occasionally, spinal 
fluids are clear and will not yield a visible button after centrifugation. In these instances, make 
smears of the few drops of fluid remaining in the tip of tube. Stain by the routine Papanicolaou 
method. 



a 1 




Figure 44-17 Pasteur pipette method for small amounts of fluid. A Pasteur pipette 
with tip flamed off. The top should be cut at indentation {arrow). B. Full-length Pasteur 
pipette with rubber dropper bulb used for transfer of fluid or for removal of supernatant 
fluid. C. Pasteur pipette cut to size with tip flamed, filled with fluid to be processed. D. 
Rubber block accommodating five pipettes and fitting into centrifuge shield. E The groove 
in the rubber block facilitates removal. F. Pipette with fluid placed in rubber block within the 
centrifuge shield. G. Pipette after centrifuge. The sediment is show as a black deposit at 
bottom of the tube. 



Flotation Techniques 
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The principle of separation and enrichment of a specific cell population in a fluid by flotation 
techniques is based on documented differences in specific gravity (SG). Red blood cells 
have an SG of 1 .092 to 1 .097; leukocytes have an average SG of about 1 .065, and cancer 
cells average 1.056 (Seal, 1959). Several flotation techniques, using various media of cell 
separation, have been developed and used with varying degrees of success for separation of 
cancer cells in fluids and the circulating blood. In general, the methods achieve good 
concentration of cells in fluids, but their preservation is not optimal. Seal (1959) devised a 
cumbersome, but effective, method using a solution of blended silicone with a specific gravity of 
1 .075 which serves as a separating medium. Ideally, cancer cells and lymphocytes should 
accumulate on the surface of the silicone, whereas the heavier erythrocytes and 
polymorphonuclear leukocytes should collect under the silicone. Albumin with a known specific 
gravity can also be used, as described below (McGrew and Nanos, 1976). 

Preparation of Solutions 
Solution A: 



Patho-o-cyte 2 (25%) 


4 ml 


Physiologic saline solution 


1 ml 



or 

Solution B: 

Patho-o-cyte 3 (30%) 3.5 ml 

Physiologic saline solution 1 .5 ml 

Albumin solution available from Miles Laboratories, he., Ekhart, IN. 

1 . The specimen must be collected in an anticoagulant and should not contain clots. Centrifuge 
sample and prepare sediment smears as described by one of the methods above. 

2. Resuspend remaining sediment in 5 ml of the original fluid. 
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3. Place 5 ml of Solution A or B (see above) in a 10-ml plastic tube. 

4. Carefully layer 5 ml of the original or resuspended sample over the albumin suspension. 

Avoid mixing the two solutions. 

5. Carefully balance the tube and centrifuge at 2,500 rpm for 10 minutes. Alow the centrifuge to 
come to a complete stop. Do not use brake. 

6. Aspirate with a syringe and an 1 8-gauge needle with the bevel filed off and the layer of cells 
floating at the interphase of the albumin and sample (Fig. 44-18). 

7. Resuspend this layer of cells in a balanced salt solution, centrifuge, and prepare slides by 
one of the methods described previously. 

Other Flotation Techniques 

Besides albumin and silicone gradients, other materials have been recommended for the same 
purpose. Many of the solutions used were originally developed for other purposes. The 
solutions are commercially produced and highly standardized. 

Ficoll Method 

The Ficoll-Triosil method was initially introduced by Boyum in 1968 for separation of 
lymphocytes from the blood. Ficoll is a cross-linked polymerized sucrose. Eloquin et al (1977) 
advocated the use of Ficoll (www.amersham biosciences.com) gradient of SG 1 .050 to 1 .052 
for isolation of cancer cells from cell suspensions, followed by the use of a cytocentrifuge for 
preparation of cell spreads. The centrifuged sample contained a clear band of cancer cells and 
leukocytes that could be removed by pipette and placed in the cytocentrifuge well. Athough 
good concentration of cancer cells was obtained, the preservation of the cells on the slide was 
not optimal. 

Hypaque (Sodium Diatrizoate) Technique 

Spriggs (1975) advocated the use of 25% Hypaque solution (Sterling Organics, Division of 
Sterling Drug, New York, NY), originally used as an intravenous contrast medium in 
radiography, for separation of erythrocytes from bloody fluids. The fluids are collected with 
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EDTA(2 mg per ml of fluid) to prevent coagulation. After initial centrifugation of fluid to produce 
a cell button (time and speed are not critical), the gradient is prepared in a round-bottom 
centrifuge tube by mixing about 4 ml each of Hypaque solution and supernatant fluid. The 
remaining supernatant is discarded. The cells from the hemorrhagic button from the original 
fluid are gently mixed and layered on top of the gradient. The mixture is centrifuged for 15 
minutes at 3,000 rpm. The erythrocytes are at the bottom of the tube and the white cells above. 
The white cells are removed with a pipette and a smear is prepared, either directly or after 
further centrifugation. The method offers good concentration of cancer cells, but their 
preservation is not optimal. 
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Figure 44-18 Flotation method for separation of cancer cells from body fluids, after 
McGrew and Nanos (1976). 



DIGESTION OF LUNG TISSUE OR SPUTUM FOR THE DETECTION OF 
FERRUGINOUS (ASBESTOS) BODIES 

Materials 

* Laundry bleach, such as Clorox, which is a 5.25% solution of sodium hypochlorite 

■ 300- to 500-ml glass containers 

■ Chloroform 

■ 50% Ethyl alcohol 

■ 50-ml centrifuge tubes 

■ 95% Ethyl alcohol 

■ Nuclepore filters, 8 to 12 pm pore size, and filtering setup 

Procedure 

This technique (developed by Smith and Naylor, 1972) may be used for lung tissue or sputum 
samples. However, the sputum is digested in a matter of minutes, whereas tissue samples 
require 24 hours or more. 

1 . Select approximately 5 g of pulmonary parenchyma from a fresh or fixed lung. Avoid bronchi, 
bronchioles, large blood vessels, and areas of consolidation. 

2. Cut lung tissue into small pieces. 

3. Place the pieces of lung or sputum into a glass jar and add approximately 200 ml of bleach. If 
greater than 5 g of lung is to be digested, increase the amount of bleach proportionately. 
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4. Let the pieces of lung stay in this solution until the entire sample is dissolved. This may 
require 24 to 72 hours. If the tissue is not completely dissolved in 24 hours, pour off the 
supernatant and add fresh bleach. This step should be repeated every 24 hours until digestion 
is complete. Sputum liquefies immediately. However, several hours may be required if one 
wishes to completely remove all cellular structures. 

5. Carefully decant the bleach without disturbing or losing any of the sediment. 

6. Add 20 ml of chloroform to the jar. Swirl it around to clean the sides of the jar. Then add 20 
ml of 50% ethyl alcohol and shake the jar vigorously to suspend all sediment. 



7. Centrifuge this mixture in 50-ml centrifuge tubes for 10 minutes at 600 to 800 rpm. 
Three visible layers should appear: 

Top layer: alcohol 
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Bottom layer: chloroform 

8. Pour off the supernatant. If a visible black, gray, or golden sediment remains in the tip of the 
tube, repeat steps 6 and 7 until there is no visible sediment. 

9. Add 95% ethyl alcohol to the centrifuge tube and mix well. 

10. Filter this solution through a Nuclepore filter. Using 95% alcohol, wash the centrifuge tube 
out several times and wash down the sides of the funnel. 

11. After allowing all the fluid to pass through the filter, let the filter dry out for 10 to 15 seconds 
before turning off the vacuum. 

12. Place the completely dry, unstained filter, sediment side down, on a coverslip. 

13. Place the coverslip on a flat surface, flood it with chloroform, and let the chloroform 
evaporate completely. 

14. Dip the dry coverslip into xylol and mount it onto a glass slide. 

Quantitation of Asbestos Bodies 

The method can be used for quantitation of ferruginous bodies per gram of material. If this is 
the purpose, several filters may have to be used for each specimen to facilitate counting. 

FLUORESCENT IN SITU HYBRIDIZATION (FISH) 

This technique has found wide application in detection of numerical chromosomal 
abnormalities, using either whole chromosome “paint” probes or probes to centromeres of 
specific chromosomes. The technique can also be used to detect products of chromosomal 

translocation using specific probes. The principles of the technique are explained in Chapter 3 
and its applications in Chapter 4. Diagnostic applications of this technique to specimens of 
urine, effusions, sputum or bronchial washings, and lymph node aspirates are discussed in 
Chapters 20, 26, 31 , and 45. 

Equipment 

■ Microscope slides 

■ Glass coverslips, 18x18 mm 

■ Water bath 

■ Coplin jars (glass) 

■ Micropipettors, sizes: 10 pi, 100 pi 

■ Micropipettor tip, sizes: 10 pi, 100 pi 

■ Fluorescent microscope 

■ Incubator at 37°C 

■ Bucket of crushed ice 

■ Light tight incubation box with tape 

■ Microcentrifuge 

■ Vortex mixer 

■ 100 ml graduated glass cylinders 

Reagents 

1 . Freshly made fixative — modified Carnoy's fixative — see below. 

2. 20 x Saline Sodium Citrate (SSC) (1 x = 0.15 M NaCI, 0.015 M Na Citrate) 

3. Ethanols (two sets) 

a. 70%, 80%, 90% and 100% (v/v) in Coplin jars at room temperature 

b. 70%, 80%, 90% and 100% (v/v) in Coplin jars on ice 

4. Choice of probes: 

a. Whole Chromosome Paint — DNA Probes 

b. Chromosome Enumeration — DNA Probes — satellite 

c. Locus Specific Identifier — DNA Probes 
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5. Hybridization buffer 

6. Formamide 

7. Rubber cement 

8. Phosphate, Nonidet P-40 buffer (PN): 93.2 mM Na2 HPO4, 6.8 mM NaH2 PO4, Nonidet P- 
40 0.1% (v/v), pH 7.4 

9. Vectashield mounting medium for fluorescence with DAPI (Vector Laboratories, Inc, 

Burlingame, CA) 

10. Nail polish 

Modified Carnoy's Fixative for Fluorescent in Situ Hybridization (FISH) 

Absolute methanol 45 ml 
Glacial acetic acid 1 5 ml 

Mix in a beaker and transfer to another container, if needed. The fixative is immediately ready 
for use. Keep at room temperature. Discard after 2 to 5 days. This fixative is also optimal for 
rapid fixation of fresh cells in smears. Place the slide on a flat surface and, with a pipette, 
place enough of the fixative to generously cover the target area. Fix for a minimum of 15 
minutes, adding drops of fixative to compensate for evaporation. Place the fixed slide in a 
container with a tight lid and keep at - 4°C. The fixed slide can be kept for many months before 
use. 
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Protocol 
Cell Fixation 

1 . Rinse slides in three changes of phosphate buffered saline (PBS). 

2. Fix slides in freshly prepared fixative in a Coplin jar for 1 0 minutes at room temperature (RT). 

3. Air dry slides for 10 minutes at RT. 

4. Wash in three changes of PBS for 1 minute each at RT. 

5. Air-dry for 10 minutes. 

6. Proceed with FISH or store desiccated slides at - 20°C. 

Slide Preparation 

1 . Incubate slides overnight at 37°C. 

2. Wash slides in 2 x SSC, pH 7.0 at 37°C for 30 minutes. 

3. Dehydrate slides in 70%, 80%, 90%, and 100% ethanol at room temperature for 2 minutes 
each. 

4. Air-dry. 

5. Denature the DNAon the slides in 70% formamide, 2 x SSC at 70°C for 2 minutes. 

6. Dehydrate the slides in 70%, 80%, 90%, and 100% ethanol at 4°C for 2 minutes each. 

7. Air-dry. 

Probe Preparation 

Fluorophores are readily bleached in direct light so work under reduced light conditions for all 
further steps. 

1 . Warm probes and hybridization buffer to room temperature, vortex, then centrifuge briefly. 

2. For each half slide, mix 7 pi of hybridization buffer, 1 pi of probe, and 2 pi distilled H 2O. 

3. Vortex, then centrifuge briefly. 

4. Heat in a 73°C water bath for 5 minutes. 

5. Put directly on ice for 5 minutes. 

6. Vortex, centrifuge again for 1 minute. 

Hybridization 

1. Apply 10 pi of probe mix to half a slide or 20 pi to a full slide. 
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2. Place an 18 x 18 mm glass coverslip on slide and seal with rubber cement. 

3. Place slide in a humidified box and seal box with tape to make it light tight. 

4. Incubate box at 37°C overnight. 

Post-Hybridization Washes 

1 . Remove rubber cement seal and coverslip. 

2. Wash slide in 1 * SSC, pH 7.0 at 70°C for 5 minutes. 

3. Wash slide 3 times in PN buffer at room temperature for 2 minutes each, gently agitating the 
slide for 5 seconds. 

4. Air-dry for 10 minutes. 

5. Counterstain with Vectashield Mounting Medium for Fluorescence with DAPI. 

6. Place glass coverslip and seal edges with nail polish. 

7. Store slides at - 20°C protected from light. 

A somewhat different procedure was recommended by \tysis, Inc. (Abbott-\fysis, Downers 
Grove, IL). The interested reader should write to the company for details of the procedure. 

FISH can also be performed using a HYBrite Denaturation/Hybridization System, which handles 
12 slides. It can be purchased from\tysis. 

For a discussion of immunocytologic techniques, see Chapter 45. 

PRINCIPLES OF OPERATION OF A LABORATORY OF CYTOLOGY 
LABORATORY SAFETY 

Chemical, electrical, fire, and infectious hazards are of paramount concern for all individuals 
working in the cytopreparatory laboratory. It is imperative that all personnel thoroughly 
understand the procedures to follow in case of emergencies and the methods used to minimize 
the possibility of accidents and infection. State and federal agencies that license or inspect 
laboratories require that safety standards and regulations be met. Guidelines for the 
preparation of a detailed safety manual are listed in this section. References listed at the 
conclusion of the chapter may be consulted for further details. 

Every employee should know the location of: 

■ Fire extinguishers 

■ Fire blankets 

■ Fire alarm and emergency exits 

■ Eye wash equipment 

■ Safety shower 

Every employee should know the correct procedures to follow for: 

■ Chemical splash to the eye or body 

■ Fire, explosion, or electrical shock 

■ Storage, handling, disposal, and emergency treatment necessary for all chemicals used in 
the laboratory 

■ Handling and disposal of potentially infectious material 

Guidelines for Storing and Handling Chemicals and Electrical Equipment 

1 . Store chemicals in their original containers, if possible, or in appropriate chemical-resistant 
plastic containers. 

2. Acool, well-ventilated metal cabinet or closed room should be used to store volatile, 
flammable, and explosive materials. 

3. Appropriate fire-fighting equipment should be in the immediate area. 

4. Do not transfer chemicals with a pipette in the mouth. Use pumps for transferring large 
volumes and a bulb pipette for small volumes. 

5. Volatile, toxic, or irritating chemicals should be transferred under a fume hood. 

6. Label all laboratory reagents with date of preparation or delivery and attach poison sticker 
where indicated (Table 44-14). 
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7. When diluting solutions, always add the concentrated chemical to the water. 
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8. Never smoke or eat in an area where chemicals are stored or in use. 

9. Wear safety glasses when working with caustic chemicals. 

10. Wash hands after handling any chemical. 

11. Staining and coverslipping should take place in a well-ventilated area or under a fume hood. 

Avoid inhaling vapors during these procedures. 

12. Make certain that all electrical equipment is grounded properly. 

13. Never handle electrical switches or controls with wet hands. 



TABLE 44-14 ESSENTIAL SAFETY-RELATED PROPERTIES OF SOME COMMON 
CHEMICALS USED IN CYTOPREPARATORY LABORATORIES 


Name of 
Chemical 


Properties 


Maximum 

Permissible 

Atmospheric 

Concentration 


Symptoms of 
Poisoning 


Acetone 


Flash point - 17°C 
Highly inflammable 


1 000 ppn-T 


Inhalation or 
ingestion: 
Pulmonary 
congestion with 
edema, dyspnea, 
decreased 
respirations, and 
stupor 


Concentrate 
acids or alkali 
Alcohol 






Corrosive burns 


Ethyl 


Flash point 14°C 
Readily inflammable 


1000 ppm 


Stupor, flushing, 
nausea, and 
vomiting 


Isopropyl 


Flashpoint 12°C 
Inflammable 


400 ppm 


Stupor, coma, 
hypotension. 8 
oz. (240 ml) 
probably fatal. 


Methyl 


Flash point 10°C 
Inflammable 


200 ppm 


May be fatal, 
decreased 
respiration, 
vertigo, dimness 
of vision, 
headache, 
convulsions; may 
lead to loss of 
vision 


Ammonium 

hydroxide 

(concentrated) 


Fumes formed when bottles 
are near volatile acids. 
Becomes boiling hot in 
reaction with H2SO4 


50 ppm 


Corrosive burns 
from eye and skin 
contact, 
inhalation, and 
ingestion 


Chloroform 


Nonflammable: Forms toxic 
gas when in contact with 
heat 


25 ppm 


Drowsiness, 
coma - irritant to 
skin and mucous 
membranes 
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Ether 


Flash point - 29°C Mixed 
with air can cause 
explosions. Store in airtight 
containers in a cool (8- 
15°C) place away from 
sparking apparatus. 

Do not refrigerate (<8°C). 


400 ppm 


Exerts a narcotic 
action somewhat 
similar to alcohol. 
Irritant to skin and 
mucous 
membranes 


Formalin 


Flash point 60°C 
Should be stored in a well- 
closed container in a 
moderately warm place 




Irritant to skin and 
mucous 
membranes, 
contact 
dermatitis, 
bronchitis, and 
occasionally 
asthmatic attack 


Xylene 


Flash point 4°C 


1 00 ppm 


Dizziness, 

weakness, 

headache, 

nausea, vomiting, 

euphoria, 

ventricular 

arrhythmia, 

convulsions 


Flash point: The lowest temperature at which vapors above a volatile combustible 
substance ignite in air when exposed to flame. 



Parts per million. 



Infectious Hazards 

With the growing concern of exposure to AIDS in the workplace, it is necessary to emphasize 
the need to treat blood and body fluids from all patients as potentially infective. The Centers for 
Disease Control estimated that 1 .5 to 2 
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million individuals seropositive for human immunodeficiency virus (HIV) in the United States in 
1 991 quadrupled by 1 995. All specimens, including the outside of the specimen jar, should be 
considered contaminated with potentially infectious organisms. Infections may occur from direct 
contact or from inhaling aerosols created by centrifuging, blending, stirring, and pouring. Written 
procedures should be a part of the standard operating manual of each laboratory. 

The following are excerpts applicable to the laboratory from [No Author], Recommendations for 
Prevention of HIVTransmission in Healthcare Setting. MMWR Morb Mortal Wkly Rep 36:1S- 
18S, 1987. 

Precautions to Prevent Transmission of Human Immunodeficiency Virus (HiV) 

Universal Precautions 

Since medical history and examination cannot reliably identify all patients infected with HIV or 
other blood-borne pathogens, blood and body-fluid precautions should be consistently used for 
all patients. This approach, previously recommended by CDC, referred to as “universal blood 
and body-fluid precautions” or “universal precautions," should be used in the care of all 
patients, especially including those in emergency care settings in which the risk of blood 
exposure is increased and the infection status of the patient is usually unknown. 

1 . Ail healthcare workers should routinely use appropriate barrier precautions to prevent skin 
and mucous-membrane exposure when contact with blood or other body fluids of any patient 
is anticipated. Gloves should be worn for touching blood and body fluids, mucous 
membranes, or nonintact skin of all patients, for handling items or surfaces soiled with blood 
or body fluids, and for performing venipuncture and other vascular access procedures. 

Gloves should be changed after contact with each patient. Masks and protective eyewear or 
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face shields should be worn during procedures that are likely to generate droplets of blood or 
other body fluids to prevent exposure of mucous membranes of the mouth, nose, and eyes. 

Gowns or aprons should be worn during procedures that are likely to generate splashes of 
blood or other body fluids. 

2. Hands and other skin surfaces should be washed immediately and thoroughly if 
contaminated with blood or other body fluids. Hands should be washed immediately after 
gloves are removed. 

3. All healthcare workers should take precautions to prevent injuries by needles, scalpels, and 
other sharp instruments or devices during procedures; when cleaning used instruments; 
during disposal of used needles; and when handling sharp instruments after procedures. To 
prevent needlestick injuries, needles should not be recapped, purposely bent or broken by 
hand, removed from disposable syringes, or otherwise manipulated by hand. After they are 
used, disposable syringes and needles, scalpel blades, and other sharp items should be 
placed in puncture-resistant containers for disposal; the puncture-resistant containers should 
be located as close as practical to the use area. Large-bore reusable needles should be 
placed in a puncture-resistant container for transport to the reprocessing area. 

4. Although saliva has not been implicated in HIVtransmission, to minimize the need for 
emergency mouth-tomouth resuscitation, mouthpieces, resuscitation bags, or other 
ventilation devices should be available for use in areas in which the need for resuscitation is 
predictable. 

5. Healthcare workers who have exudative lesions or weeping dermatitis should refrain from all 
direct patient care and from handling patient-care equipment until the condition resolves. 

6. Pregnant healthcare workers are not known to be at greater risk of contracting HIV infection 
than healthcare workers who are not pregnant; however, if a healthcare worker develops HIV 
infection during pregnancy, the infant is at risk of infection resulting from perinatal 
transmission. Because of this risk, pregnant healthcare workers should be especially familiar 
with, and strictly adhere to, precautions to minimize the risk of HIV transmission. 

7. Implementation of universal blood and body-fluid precautions for all patients eliminates the 
need for use of the isolation category of "Blood and Body Fluid Precautions,” previously 
recommended by CDC for patients known or suspected to be infected with blood-borne 
pathogens. Isolation precautions (e.g., enteric, acid-fast bacteria) should be used as 
necessary if associated conditions, such as infectious diarrhea or tuberculosis, are 
diagnosed or suspected. 

Precautions for Laboratories 

Blood and other body fluids from all patients should be considered infective. To supplement the 

universal blood and body-fluid precautions listed above, the following precautions are 

recommended for healthcare workers in clinical laboratories. 

1 . All specimens of blood and body fluids should be put in a well-constructed container with a 
secure lid to prevent leaking during transport. Care should be taken when collecting each 
specimen to avoid contaminating the outside of the container and of the laboratory form 
accompanying the specimen. 

2. All persons processing blood and body-fluid specimens (e.g., removing tops from vacuum 
tubes) should wear gloves. Masks and protective eyewear should be worn if mucous- 
membrane contact with blood or body fluids is anticipated. Gloves should be changed and 
hands washed after completion of specimen processing. 

3. For routine procedures, such as histologic and pathologic studies or microbiologic culturing, 
a biological safety cabinet is not necessary. However, biological safety cabinets (class I or II) 
should be used whenever procedures are conducted that have a high potential 
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for generating droplets. These include activities such as blending, sonicating, and vigorous 
mixing. 

4. Mechanical pipetting devices should be used for manipulating all liquids in the laboratory. 

Mouth pipetting is no longer acceptable. 

5. Use of needles and syringes should be limited to situations in which there is no alternative, 
and the recommendations for preventing injuries with needles outlined under universal 
precautions should be followed. 

6. Laboratory work surfaces should be decontaminated with an appropriate chemical germicide 
after a spill of blood or other body fluids and when work activities are completed. 
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7. Contaminated materials used in laboratory tests should be decontaminated before 
reprocessing or be placed in bags and disposed of in accordance with institutional policies 
for disposal of infective waste. 

8. Scientific equipment that has been contaminated by blood or other body fluids should be 
decontaminated and cleaned before being repaired in the laboratory or transported to the 
manufacturer. 

9. All persons should wash their hands after completing laboratory activities and should remove 
protective clothing before leaving the laboratory. 

10. Implementation of universal blood and body-fluid precautions for all patients eliminates the 
need for warning labels on specimens since blood and other body fluids from all patients 
should be considered infective. 

Environmental Considerations for HIV Transmission 

No environmentally mediated mode of HIV transmission has been documented. Nevertheless, 
the precautions described below should be taken routinely in the care of all patients. 

Sterilization and Disinfection 

Standard sterilization and disinfection procedures for patient-care equipment currently 
recommended for use in a variety of healthcare settings — including hospitals, medical and 
dental clinics and offices, hemodialysis centers, emergency-care facilities, and long-term 
nursing-care facilities — are adequate to sterilize or disinfect instruments, devices, or other items 
contaminated with blood or other body fluids from persons infected with blood-borne pathogens 
including HIV. 

Instruments or devices that enter sterile tissue or the vascular system of any patient or through 
which blood flows should be sterilized before reuse. Devices or items that contact intact mucous 
membranes should be sterilized or receive high-level disinfection, a procedure that kills 
vegetative organisms and viruses but not necessarily large numbers of bacterial spores. 
Chemical germicides that are registered with the US Environmental Protection Agency (EPA) as 
“sterilants" may be used either for sterilization or for high-level disinfection depending on 
contact time. 

Contact lenses used in trial fittings should be disinfected after each fitting by using a hydrogen 
peroxide contact lens disinfecting system or, if compatible, with heat (78°C to 80°C [172.4°F to 
176.0°F]) for 10 minutes. 

Medical devices or instruments that require sterilization or disinfection should be thoroughly 
cleaned before being exposed to the germicide, and the manufacturer's instructions for the use 
of the germicide should be followed. Further, it is important that the manufacturer's 
specifications for compatibility of the medical device with chemical germicides be closely 
followed. Information on specific label claims of commercial germicides can be obtained by 
writing to the Disinfectants Branch, Office of Pesticides, Environmental Protection Agency, 401 
M Street, SW, Washington DC, 20460. 

Studies have shown that HIV is inactivated rapidly after being exposed to commonly used 
chemical germicides at concentrations that are much lower than used in practice. Embalming 
fluids are similar to the types of chemical germicides that have been tested and found to 
completely inactivate HIV In addition to commercially available chemical germicides, a solution 
of sodium hypochlorite (household bleach) prepared daily is an inexpensive and effective 
germicide. Concentrations ranging from approximately 500 ppm (1:100 dilution of household 
bleach) sodium hypochlorite to 5,000 ppm (1:10 dilution of household bleach) are effective 
depending on the amount of organic material (e.g., blood, mucus) present on the surface to be 
cleaned and disinfected. Commercially available chemical germicides may be more compatible 
with certain medical devices that might be corroded by repeated exposure to sodium 
hypochlorite, especially to the 1:10 dilution. 

Survival of HIV in the Environment 

The most extensive study on the survival of HIV after drying involved greatly concentrated HIV 
samples, i.e., 10 million tissue-culture infectious doses per milliliter. This concentration is at 
least 100,000 times greater than that typically found in the blood or serum of patients with HIV 
infection. HIV was detectable by tissue-culture techniques 1 to 3 days after drying, but the rate 
of inactivation was rapid. Studies performed at CDC have also shown that drying HIV causes a 
rapid (within several hours) 1-2 log (90% to 99%) reduction in HIV concentration. In tissue- 
culture fluid, cell-free HIV could be detected up to 15 days at room temperature, up to 11 days 
at 37°C (98.6°F), and up to 1 day if the HIV was cell-associated. 



2835 / 3276 



44 - Laboratory Techniques 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 

When considered in the context of environmental conditions in healthcare facilities, these 
results do not require any changes in currently recommended sterilization, disinfection, or 
housekeeping strategies. When medical devices are contaminated with blood or other body 
fluids, existing recommendations include the cleaning of these instruments, followed by 
disinfection or sterilization, depending on the type of medical device. These protocols assume 
“worst-case” conditions of extreme virologic and microbiologic contamination, and whether 
viruses have been inactivated after drying plays no role in formulating these strategies. 

Consequently, no changes in published procedures for cleaning, disinfecting, or sterilizing need 
to be made. 
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Housekeeping 

Environmental surfaces such as walls, floors, and other surfaces are not associated with 
transmission of infections to patients or healthcare workers. Therefore, extraordinary attempts 
to disinfect or sterilize these environmental surfaces are not necessary. However, cleaning and 
removal of soil should be done routinely. 

Cleaning schedules and methods vary according to the area of the hospital or institution, type 
of surface to be cleaned, and the amount and type of soil present. Horizontal surfaces (e.g., 
bedside tables and hard-surface flooring) in patient-care areas are usually cleaned on a regular 
basis, when soiling or spills occur, and when a patient is discharged. Cleaning of walls, blinds, 
and curtains is recommended only if they are visibly soiled. Disinfectant fogging is an 
unsatisfactory method of decontaminating air and surfaces and is not recommended. 

Disinfectant-detergent formulations registered by EPAcan be used for cleaning environmental 
surfaces, but the actual physical removal of microorganisms by scrubbing is probably at least 
as important as any antimicrobial effect of the cleaning agent used. Therefore, cost, safety, and 
acceptability by housekeepers can be the main criteria for selecting any such registered agent. 
The manufacturers' instructions for appropriate use should be followed. 

Cleaning and Decontaminating Spills of Blood or Other Body Fluids 

Chemical germicides that are approved for use as “hospital disinfectants” and are 
tuberculocidal when used at recommended dilutions can be used to decontaminate spills of 
blood and other body fluids. Strategies for decontaminating spills of blood and other body fluids 
in a patient-care setting are different than for spills of cultures or other materials in clinical, 
public health, or research laboratories. In patient-care areas, visible material should first be 
removed and then the area should be decontaminated. With large spills of cultured or 
concentrated infectious agents in the laboratory, the contaminated area should be flooded with 
a liquid germicide before cleaning then decontaminated with fresh germicidal chemical. In both 
settings, gloves should be worn during the cleaning and decontaminating procedures. 

Laundry 

Although soiled linen has been identified as a source of large numbers of pathogenic 
microorganisms, the risk of actual disease transmission is negligible. Rather than rigid 
procedures and specifications, hygienic and common-sense storage and processing of clean 
and soiled linen are recommended. Soiled linen should be handled as little as possible and with 
minimum agitation to prevent gross microbial contamination of the air and of persons handling 
the linen. All soiled linen should be bagged at the location where it was used; it should not be 
sorted or rinsed in patient-care areas. Linen soiled with blood or body fluids should be placed 
and transported in bags that prevent leakage. If hot water is used, linen should be washed. 

Special Precautions for Operation of a Cytopreparatory Laboratory 

Notwithstanding the general rules summarized above, certain procedures that are specific for a 
cytopreparatory laboratory must be observed. 

1 . Laboratory request slips accompanying specimen should not be wrapped around the 
specimen containers. The slips should be removed and placed in an area away from the 
preparation counter. 

2. Prepare specimens in a room or area away from other work areas. 

3. Process all specimens under a laminar flow hood. Disposable gloves, gowns, aprons, and 
face paper masks must be worn, particularly if there is a possibility of a spray of droplets (for 
example, blending of sputum). Remove such attire before leaving the laboratory and dispose 
of it in containers for infectious waste. Staining of specimens, however, may be performed in 
an open, well-ventilated area and does not require a laminar flow hood. 

4. Cover the counter of the working area with absorbent paper toweling moistened with a 
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disinfectant. 

5. Inspect centrifuge tubes for cracks. Use disposable screw-cap plastic centrifuge tubes. Never 
centrifuge or vortex in an open tube. Add a germicidal solution (1:10 dilution of 5.25% sodium 
hypochlorite [bleach]) between the centrifuge tube and trunnion cup. 

6. Cytocentrifuge chambers must be decontaminated with germicidal solution. 

7. Never pipette samples by mouth. 

8. Develop the habit of keeping your hands away from your mouth, nose, eyes, and face. 

9. Wash hands thoroughly after handling any specimen, including the outside of the specimen 
jar. 

10. Discard needles into a special needle disposal container and residual fluids into an 
autodaveable, splashproof container containing a small amount of disinfectant. Autoclave 
the container before disposing of the contents. 

11. Contaminated equipment should be autoclaved before washing or disposal. Preferably this 
should be done in the laboratory area. If this is not possible, the material should be placed in 
a leak-proof plastic bag and sealed. The sealed bag should be placed inside a leak-proof 
autodaveable pail with a cover. 

12. Laboratory benches, work counters, and all surfaces where infectious material is handled 
should be disinfected after completion of specimen preparation. 

1 3. Equipment used in the cytopreparation laboratory should not be used in other areas of the 
laboratory. 

14. Limit the flow of traffic into and out of the cytopreparation area. 

15. Never smoke, eat, or drink in the cytopreparatory laboratory. 

SCREENING AND MARKING OF SMEARS 

Slides are placed in the mechanical stage holder of the microscope with the label always on the 
same side, either left 
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or right. The slides are best screened vertically, and there should be a slight overlapping of the 
screened areas so that no cells will be missed (Fig. 44-19). Although some individuals prefer to 
screen cytologic slides horizontally, this procedure may produce visual fatigue, since any optical 
aberrations in the glass slide or the cover glass are more noticeable and annoying. For 
screening, we recommend a 10 x objective lens and 10 x or 15 * ocular lenses. This optical 
system will ensure optimal evaluation of small cells. For detailed examination of cells, a 40 x 
objective lens should be used. Oil immersion is of limited use in diagnostic cytology. 




When marking cells, switch to a scanning lens and, using a pen with a fine point, place an ink 
dot next to the cell. The position of this mark in relation to the cells in question should always 
be the same (Fig. 44-20). Acircle may be placed around the cells in the same way. Ashort time 
is required to master the technique of coordinating the hand while looking through the 
microscope. 

The importance of proper screening of slides needs to be emphasized. Marking of slides will 
facilitate the examination of the same cell or group of cells on multiple occasions or by several 
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observers. Proper screening and marking of slides are indispensable in a well organized 
cytology laboratory. 

ORGANIZATION OF THE CYTOLOGY LABORATORY 

Federal and state agencies have enacted regulations with which all laboratories under their 
jurisdiction must comply. Organization, methods of reporting, quality control, and personnel 
requirements are no longer matters of personal choice. It would be impractical to attempt a 
detailed account of specific standards imposed by different regulating bodies. A brief summary 
of CLIA'88 Regulations follows this section. The suggestions for the organization of a cytology 
laboratory, discussed below, are general guidelines. Each laboratory must be aware of federal 
and local regulations with which it must comply. 




Figure 44-20 Diagram suggesting a method of marking slides. The actual marking 
takes place under direct vision with a low-power scanning lens. In this diagram the dot is 
placed beneath the cells, as originally suggested by Papanicolaou. Flowever, any other 
location of marking dots is acceptable, provided that it is constant and observed by all 
members of the same laboratory. 



Screening of cytology material should be performed by well-trained and certified 
cytotechnologists. See CLIA'88 493.1467-1485) for specific requirements. 

The duties of the cytotechnologists include cytopreparation or supervision of it; screening and 
marking of material; formulation of a preliminary diagnosis; and formulation of a final diagnosis 
in certain well-defined circumstances, such as the screening of an asymptomatic population. 

1 . The organization of a well-run, large laboratory of cytology is based on a system of checks 
and cross-checks to minimize errors (Fig 44-21). This system is based on identification of two 
major classes of material, one from symptomatic patients and the other from surveys of well 
population. Symptomatic patients include: 

a. All patients from whom nongynecologic material is collected. Exceptions are special 
projects, such as screening for early lung cancer in asymptomatic patients, or rapid 
screening of all urine samples submitted for routine analysis. 

b. Patients from whom gynecologic smears are obtained and who have a history of abnormal 
uterine bleeding, prior abnormal smears, cancer or precancerous states, or radiation therapy. 

The diagram shown in Figure 44-21 offers a number of options in the handling of material. The 
first option (solid lines ) suggests that all cases requiring review by a pathologist should be 
tunneled through a senior or chief cytotechnologist. This system deprives the less experienced 
cytotechnologists of contact with the pathologist. The second option ( broken lines) provides for 
a review of material by a senior cytotechnologist prior to presentation of the cases by the 
original screener to the pathologist. The third option (dotted lines ) offers all cytotechnologists 
the opportunity to present cases directly to the pathologist. Regardless of the system adopted, 
channels of consultation at all levels of performance should remain open. It is particularly 
important for cytotechnologists at all levels of experience to be present when important 
diagnostic conclusions are reached on material screened by them. Open discussion of problem 
cases should be encouraged. 
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FINAL REPORT 



Figure 44-21 Suggested system of organization for a large laboratory of cytology offering 
a number of options (see text). 



Quality Control 

Quality control regulations vary depending on the agency or association responsible for 

accrediting a laboratory. Each laboratory director must be aware of and strictly adhere to local 

and federal regulations. We recommend that a quality control program include the following: 

1. Correlate cytologic diagnoses with surgical, autopsy, and clinical findings on all patients. 

2. Rescreen those cases in which the cytology and histology or clinical history do not correlate. 

3. At the time of screening, review records of prior histologic and cytologic examinations for 
each patient. 

4. Maintain a computerized cross-file or record-keeping system to allow data retrieval for 
statistical evaluation, such as percentage of positives. 

5. Prepare annual statistical correlation reports. 

6. Retain reports and slides in a readily accessible area for at least 3 years and keep cases 
exhibiting major abnormalities on file as long as the patient is alive, but not less than 5 years. 

7. Set up internal performance evaluation programs to demonstrate the competency and 
accuracy of technical personnel. 

8. Encourage participation of cytotechnologists in continuing education programs, both internal 
and external. 

9. In our experience, the most important aspect of quality control is the constant review and 
correlation of cytologic findings with surgical and autopsy material. Particularly valuable is 
rescreening of previous material in patients who subsequently develop important 
abnormalities. For example, prior “negative” smears in patients with neoplastic lesions of the 
uterine cervix often will reveal missed evidence of disease. To this effect, a constant review 
of records is mandatory. A computerized recording system combining cytologic and tissue 
diagnoses is of great assistance in such efforts. Asatisfactory internal quality control 
system is difficult to devise. This may, in part, be accomplished by rescreening a certain 
percentage of negative smears (e.g., 10%, as now required by the Centers for Disease 
Control) or by inserting material of known diagnostic values into the routine flow and 
checking the performance of cytotechnologists and pathologists against this standard. The 
latter system requires destaining, restaining, and renumbering of known cases, a rather 
formidable procedure. 

Reporting of Cytologic Material 

The report must include: 

1 . Name of patient and the laboratory accession number 

2. Name of individual or facility to which the report is addressed 
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3. Name and address of the laboratory 

The following dates: 

4. Sample collection 

5. Sample received in the laboratory 

6. Report issued 

7. Cytologic diagnosis 

8. Identification of cytopathologist and cytotechnologist responsible for the report. 
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Comment 

Throughout this volume, it has been pointed out that an accurate cytologic diagnosis of disease 
is both possible and desirable: therefore, the reports should be expressed in simple language 
that can be readily understood by the clinician. At one time, Papanicolaou's classification of 
smears performed a very useful role. However, it was abandoned in this laboratory many years 
ago in favor of a nomenclature in keeping with the principle of surgical pathology. Thus, the 
presence of cancer is always reported and, at all times, an effort is made to determine 
— whenever possible — the histologic type, origin, and, occasionally, probable anatomic location 
of the tumor. In the absence of cancer, a simple diagnosis of “negative for malignant cells” is 
sufficient. If there is evidence of a noncancerous disease, this fact is also noted. The Bethesda 
reporting system for cervicovaginal material is summarized in Chapter 11. 

No matter how skillful the pathologist may be, in a certain number of cases it will not be 
possible to make a definite diagnosis on the strength of the cytologic evidence available. This 
situation may be due to insufficient sampling of a lesion, to the unfavorable anatomic location of 
the lesion, or to the nature of a lesion that may be difficult to classify, even on the strength of 
very ample cytologic or histologic material. In such situations, a descriptive diagnosis of the 
findings is, in our experience, more satisfying than any classification and is usually acceptable 
to the clinician as well. Such descriptive diagnoses should not become the repositories of 
ignorance but may well express the uncertainty of the observer. The diagnosis of “suspicious" 
should be made only if a lesion has a definite neoplastic slant, although more evidence is 
needed for a definitive diagnosis. In such instances, it is wise to state, whenever possible, what 
type of lesion is anticipated. If the evidence is too scanty, even for the diagnosis of 
“suspicious," it is best to withhold any opinion and simply ask for more material, never failing to 
mention the reason for the request. 

CLIA 1988 REGULATIONS PERTAINING TO CYTOLOGY 

The Clinical Laboratory Improvement Act passed by the United States Congress in 1988 (CLIA 
’88) was the response to the 1987 Bogdanicz report in the Wall Street Journal on women dying 
of cervical cancer because of cytologic screening errors. As a consequence, the practice of 
cervicovaginal cytology has become the most regulated field of laboratory medicine. 

The following is a brief summary of some of the pertinent regulations affecting the 
cytopathology laboratories. It is by no means intended to be used as an all inclusive guideline. 
Original rules and regulations should be consulted when developing laboratory standards. 



Specimen Acceptance and Adequacy 

Each laboratory should have written criteria for rejecting specimens [CLIA '88 493.1200(b)(1)], 



Test Requisition 

The requisition must include [CLIA '88 493 . 1 1 05(a-f)] . 

■ Patient name (and/or unique identifier) 

■ Requesting physician's name and address 

■ Date of specimen collection 

■ Specimen source 

■ Pertinent clinical information 

■ For gynecologic smears the date of the last menstrual period, age or date of birth and 
pertinent history of prior abnormal reports, treatment, or biopsy 



Test Records 

Test records must include the following and be retained for at least 2 years [CLIA '88 
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■ Patient name (and/or unique identifier) 

■ Date and time of specimen receipt in the laboratory 

■ Condition and disposition of unacceptable specimens 

■ Identity of personnel performing the test 

Specimen Preparation and Staining 

■ For gynecologic specimens, a Papanicolaou (or modified) stain must be used [CLIA’88 
493.1257(a)(1)], 

■ Measures must be in place to prevent cross-contamination [CLIA'88 493.1257(a)(2)], 

■ Nongynecologic specimens with a high potential for cross-contamination must be stained 
separately and stains filtered or changed following staining [CLIA'88 493.1257(a)(3)], 

Screening and Reporting 

All abnormal gynecologic smears interpreted as abnormal, which includes reactive or reparative 
changes, and all nongynecologic material, must be reviewed by the technical supervisor, in 
practice, a qualified cytopathologist [CLIA’88 493.1257(c)(1-2)]. 

The cytology report must: 

■ Contain a narrative descriptive nomenclature for all results [CLIA’88 493.1257(e)(2)] 

■ Clearly distinguish specimens or smears that are unsatisfactory [CLIA’88 493.1109(c)] 

■ The name and address of the laboratory [CLIA'88 493.1257(e)(1)] 

P.1630 

Corrected reports must indicate the basis for correction [CLIA'88 493.1257(e)(3)], 

Cytotechnologist Performance 

Individuals who screen cytological material may examine no more than 100 slides per day (24- 
hour period in no less than 8 hours) [CLIA’88 493.1257(b)(1-3)(ii)]. The limit has been 
increased to 200 slides for material from automated devices that deposit cells in small circles. 

Records of the total number of slides screened by each individual each 24 hours, irrespective 
of the site and the number of hours examining slides, must be maintained [CLIA 88 
493.1257(b)(3)], 

The performance of each cytotechnologist in comparison to overall laboratory performance 
must be evaluated. Discrepancies and corrective action, if appropriate, must be documented 
[CLIA’88 493.1257(d)(5)], 

Quality Assurance 

Ten percent of all negative gynecologic smears must be selected at random and from high risk 
patients, to be rescreened prior to reporting of the results. Records of the initial review and 
rescreening must be kept [CLIA’88 493.1257(d)(1) (i-iii)]. 

The laboratory must compare clinical information and cytology report. Premalignant cytology 
reports should be compared to histopathology reports when available [CLIA’88 493.1257(d)(2)], 

For each new high-grade or above lesions detected by cytology or histology, a 5-year 
retrospective review of negative smears must be performed. If significant discrepancies 
are found that would affect patient care, the laboratory must notify the patient's physician and 
issue an amended report [CLIA'88 493.1257(d)(3)], Other aspects of quality control in 
cervicovaginal cytology are discussed in Chapter 11. 
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Immunochemistry and Molecular Biology in Cytological 
Diagnosis 

Ronald A. DeLellis 
Rana S. Hoda 

As we develop methods for extrapolating the secrets previously locked 
within the individual cells, it becomes evident that the cells were 
talking all along ; we just did not know how to listen. 

Abati et al, 1998,) 

The past several decades have witnessed the development of a remarkable array of 
methodological advances in the biomedical sciences. One of the most successful of these 
approaches has been immunocytochemistry. Methodologies employing antibodies as specific 
probes for the visualization of cell and tissue bound antigens have literally revolutionized the 
practice of pathology (Taylor, 1978; DeLellis et al, 1979; Taylor, 1994; Wick et al, 2001). The 
application of these methods has permitted the extension and expansion of morphology by 
means of increasingly more sensitive and specific markers that can be visualized in single cells 
and in tissue sections. Experience gathered over the past three 

P.1636 

decades has indicated that the success of any immunohistochemical procedure depends on 
multiple factors, such as the antigen preservation, the specificity and avidity of the primary 
antibody and the sensitivity of the detection system. These factors are interrelated; reliable and 
reproducible results can be achieved only when each variable is optimized. 

Immunochemistry on cytologic material has great potential utility as recognized by Nadji 
and others in the early to mid-1980s; however, problems with scanty cell samples, high levels of 
nonspecific background staining and falsepositive and false-negative reactions have limited the 
widespread application of this technique (Nadji, 1980; Chess and Hadju, 1986). Improved 
cytological collection methods, together with advances in immunocytochemical technology, 
including the development of new monoclonal antibodies and more sensitive detection 
methods, have led to greater degrees of sensitivity and specificity in cytological preparations 
(Ramaekers et al, 1988; Flens et al, 1990; Domagala and Osborn, 1992; Dabbs et al, 1995; 

Abati et al, 1998; Bedrossian, 1998; Dabbs and Wang, 1998; Fetsch and Abati, 1998). Shield et 
al (1996) analyzed the utility of immunocytochemical methods in cytology over a 20-month 
period and demonstrated that this approach was helpful in approximately 75% of cases. In body 
fluids, staining was performed most commonly for the distinction of mesothelial cells from 
metastatic malignancies. Immunocytochemistry was helpful in 82% of these cases with the 
preliminary diagnosis confirmed in 64%, refined in 8% and revised in 10%. In fine needle 
aspiration (FNA) samples, staining was helpful in 69% of cases, resulting in refinement of the 
diagnosis in 55% and confirming the preliminary diagnosis in 14%. In one case, these studies 
led to a revision of the original interpretation. In cytology, the practical utility of 
immunocytochemistry includes characterization of poorly differentiated neoplasms, 
differentiation of primary from metastatic tumors, determination of the sites of origin of 
metastatic lesions and prognostic assessments. 

The purpose of this chapter is to provide an overview of immunocytochemical methods, 
their applications and limitations in different types of cytological preparations and their 
contributions to the understanding of neoplastic disorders. In addition, this chapter highlights 
molecular techniques that are of value in the analysis of cytological samples. For additional 

details including use of sophisticated techniques, such as linker and polymer-based staining, 

* 

the reader is referred to the textbook by Dabbs (2002). 

PREPARATORY METHODS AND ANTIGEN PRESERVATION 

Numerous preparatory techniques have been utilized for the immunochemical evaluation of 
cytological preparations (Table 45-1) (Sherman et al, 1994; Hunt et al, 1998; Mitteldorf et al, 

1999). When sufficient material is available, formalin-fixed paraffin miniblocks and cell blocks 
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offer a number of advantages since fixation and subsequent processing are essentially identical 
to those used for tissue sections (Domagala et al, 1990; Bellotti et al, 1997; Fowler etal, 1998). 

Moreover, antibody panels and multiple positive and negative controls can be applied to the 
same material. When the amount of cellular material is limited, other preparations including 
direct smears (unstained or previously stained), cytocentrifuge preparations, cells collected on 
filters or in liquid fixatives and cell transfers can be used (Table 45-1 ) (Sherman et al, 1994; 

Abendroth and Dabbs, 1995; Leung and Bedard, 1996; Gill, 1998). 

Fixation 

The choice of appropriate fixative plays a critical role for the optimal preservation of the 
antigen of interest and numerous standard and novel fixatives have been used for this purpose 
(Okuyama et al, 1996). Prompt fixation is necessary to minimize diffusion and extraction of 
soluble antigens and to preserve morphological integrity. Delays in fixation may lead to a loss 
or significant reduction of immunoreactivity due to diffusion of antigens from their intracellular 
sites and autolytic processes. Autolysis also results in nonspecific binding of antibodies to 
unrelated antigenic determinants. Despite this fact, a variety of antigens can be localized, 
even in necrotic samples of both histological and cytological preparations, provided that 
appropriate controls are used (Judkins et al, 1998; Marzec et al, 2001). Buffered neutral 
formalin (4% formaldehyde) is compatible with the localization of many antigens, both in 
histological and cytological samples. The popularity of this fixative is based on many factors, 
including its low cost, ease of preparation and its preservation of morphological detail (Werner 
et al, 2000). The basis of formalin fixation is the formation of hydroxyl-methylene type linkages 
between protein end groups which increase with the length of fixation time. An additional 
mechanism is the formation of coordinate bonds for calcium ions (Werner et al, 2000). 

Prolonged fixation in formalin, however, often leads to reduced immunoreactivity of 
many antigens, primarily because of the steric hindrance resulting from the formation of 
extensive crosslinkages. Crosslinks may be formed between two parts of the antigen resulting 
in masking of the epitope or between two or more different molecules. Such linkages may also 
directly affect the epitope itself (Werner et al, 2000). In the past, several approaches, including 
washing of sections with buffer or treatment with proteolytic enzymes, were used in restoring 
the reactivity of many epitopes. More recently, antigen retrieval methods based on the use of 
microwave heating of sections have permitted the localization of most antigens of interest to 
the pathologist as discussed in the next section. 

In cell blocks prepared from previously alcohol-fixed spun sediment, fixation in formalin of 
less than 24 hours 
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may result in a mixture of formalin fixation and ethanol fixation, the latter resulting from tissue 
processing in graded ethanols. Brief formalin fixation will result in cross-link formation only at 
the periphery of the block while the center will be fixed in ethanol. As a result, sections prepared 
from such blocks may show variable staining that is more or less intense staining at the center 
or periphery, depending on the reactivity of the antibody and the retrieval procedure employed 
(Werner et al, 2000). 



TABLE 45-1 IMMUNOCYTOCHEMISTRY USING DIFFERENT TYPES OF 
CYTOLOGICAL PREPARATIONS 



Preparation 


Fixative 


Advantages 


Disadvantages 


Cell blocks 


Formalin fixation is 


- Staining 


- Requires 


(occasionally 


usual; however, 


conditions virtually 


relatively large 


small tissue 


other fixatives may 


identical to 


amount of material 


fragments 


be used depending 


standard 


- Cannot be used 


retrieved from 


on nature of antigen 


histologic 


with highly labile 


aspirated 




preparations 


antigens 


material) 




- Good cellular 


- Processing time 






morphology and 


is longer than with 






nuclear detail 


direct smears 






- Serial sections 


- Effects of 






may be prepared 


prolonged storage 






for use with 
antibody panels 
- Standardization 
of retrieval 
methodology 


are unknown 
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Direct smears 


Alcohol or formalin 


- May be the only 


- Limited material 




fixation 


material available 


may compromise 






for analysis 


use of antibody 






- Cellular areas 


panels and 






can be subdivided 


appropriate 






or cells can be 


controls 






peeled off for 


- Cell loss may 






multiple antibody 


occur during 






tests 


staining 






- Previously 


- Three 






stained slides can 


dimensional cell 






be used with or 


groups may “trap” 






without prior 


antibodies leading 






decolorization 


to nonspecific 
staining 

- Mechanical 
smearing process 
may lead to 
disruption of cells 
and leakage of 
antigens 

- Requires large 
quantity of 
antibodies and 
other reagents 

- Potential for high 
background 
staining due to 
blood and necrotic 
material 


Cytocentrifuge 


Alcohol or formalin 


- Lack of 


- Significant 


preparations 


fixation 


background 


amount of cellular 






staining 


material may be 






- Ease of 


lost during 






interpretation 


cytocentrifugation 






since cells are 


process 






concentrated in a 


- Lack of 






small area 


reproducibility if 






- Multiple slides 


processing is not 






can be prepared 
- Relatively small 
amounts of 
antibodies or 
other reagents are 
used 


well controlled 


Filters 


Alcohol or formalin 


- Provides optimal 


- High non- 




fixation 


recovery of cells 


specific 

background 

staining 


Thin Prep (Cytyc 


Proprietary fixatives 


- High cell yield in 


- Decreasing cell 


Corp., 




initial preparations 


yield with 


Marlborough, 




- Clean 


sequential 


MA) 




background and 


preparations 


SurePath 




absence of air- 


- High cost 


(TriPathology 




drying effect 


- Certain markers 


Imaging, 




- Multiple slides 


(e.g., lymphoid 


Burlington, NC) 




and cell blocks 


markers) may be 






from residual 


difficult to 






material 

- Relatively small 
amount of 
antibody required 


demonstrate 
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- Single 

preparations can 
be subdivided 



In addition to formalin, other fixatives have been employed for the demonstration of cell and 
tissue bound antigens, including the mercury containing fixatives such as Zenker's and B5 
(formol sublimate), picric acid containing fixatives (Bouin's and Zamboni's) and alcohol-based 
fixatives such as Carnoy's fluid (alcohol, chloroform, acetic acid) (see Chap. 44). Additionally, 
ethanol, methanol and acetone have been used as primary fixatives for a variety of 
immunochemical applications. Alcohol and acetone are 
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precipitating or coagulating fixatives rather than cross-linking reagents; accordingly, retrieval 
procedures are not generally useful in restoring reactivity following fixation with these reagents. 
However, for some antigens a retrieval step may help in such preparations provided that the 
cells have been collected on adhesive slides. 

It should be noted that fixatives can markedly alter the reactivity of antigens to antibodies since 
exposure patterns of epitopes can differ. As noted by Willingham et al (1999), most of the 
epitopes (the parts of antigens reacting with antibodies; for full explanation, see below) that are 
detectable by monoclonal antibodies are conditional in the sense that they are reactive only 
under certain conditions. For example, Josephsen et al (1999) have demonstrated that a 
monoclonal antibody directed against vimentin reacts with a novel epitope on an unrelated 
protein (amelogenin), but this phenomenon occurred only after fixation in 1 % glutaraldehyde or 
4% paraformaldehyde plus 0.1% glutaraldehyde but not with 2.5% glutaraldehyde. Blocking 
experiments demonstrated that the amelogenin antibody competed with the vimentin antibody. 

The ideal fixative for immunocytochemistry of cytological preparations should be convenient to 
use and should provide both optimal antigen preservation and cellular morphology. 

Suthipintawong et al (1996, 1997) examined the effects of a large number of fixatives including 
acetone, acetone/methanol, acetone formalin, glutaraldehyde, ethanol, methanol and formol 
saline on antigen preservation. They concluded that fixation of air-dried smears in 0.1% 
formol saline (normal saline 1,000 ml and 40% formalin 2.5 ml) overnight at 27°C followed by 10 
minutes fixation in 100% ethanol produced the most consistent results. Air drying is an important 
step since it minimizes the cell loss that inevitably occurs when fresh smears are immersed 
directly into fixative. As noted by Leong et al (1999), postfixation in ethanol is not essential for 
the preservation of immunoreactivity but improves the cytomorphological features. Formol 
saline produces complete hemolysis of background erythrocytes and removal of background 
proteinaceous fluid. Moreover, immunoreactivity can be further enhanced by microwave- 
induced epitope retrieval following formalin fixation. For air dried smears, adhesive-coated 
glass slides were not required. The smears could be kept at room temperature for at least 7 
days and at - 70°C for 5 weeks without loss of immunoreactivity as air dried smears or after 
fixation in formal saline. 

Abati et al (1998) have recommended short term storage of unfixed air dried cytological 
preparations at 4°C and long term storage at - 20°C in desiccant. Following removal of the 
slides from the refrigerator or freezer, it is important to allow the containers to equilibrate to 
room temperature prior to opening. They further recommend that the choice of fixative should 
be tailored to the particular antigen under study. For hematopoietic markers, they 
recommend 10 minutes fixation in acetone while a 1:1 mixture of methanol and absolute ethanol 
is used for nonhematopoietic markers. They recommend fixation in 3.7% buffered formalin 
for 15 minutes for those markers which have a nuclear localization (e.g., steroid receptors, 
p53). Freeze drying and freeze substitution methods have also been used for preservation of 
antigenicity in cytological materials (Takahashi et al, 1996). 

Antigen Retrieval Methods 

Suboptimal preservation of antigens is a major factor leading to lack of staining 
consistency in immunohistochemistry and, even more so, in immunocytochemistry. 

The effects of formalin fixation can be reversed in part by prolonged washing of cells and 
tissues in water or buffer. Proteolytic enzyme digestion of formalin fixed samples has proven 
to be an invaluable approach for the unmasking of some formalin sensitive epitopes. However, 
some antigens are highly susceptible to the effect of proteolysis and may be completely 
destroyed even after relatively brief periods of enzyme treatment. Proteolytic enzyme induced 
unmasking most likely results from breakage of formaldehyde induced cross links in the antigen 
itself, with exposure of cryptic epitopes or hydrolysis of adjacent macromolecular complexes 
that may have covered or masked the epitopes of interest. Optimization of the time of 
proteolysis appears to be more crucial to the success of this approach than the particular 
enzyme used. Generally, tissues fixed for prolonged time periods require the most extended 
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periods of enzyme digestion. 

A major advance in the retrieval of formalin sensitive epitopes involves the use of moist 
microwave heating of tissue samples. Pioneered by Shi etal (1991), antigen retrieval using 
microwave heating of sections immersed in 1 % zinc sulfate or saturated lead thiocyanate 
resulted in significant increases in immunostaining with a high proportion of tested monoclonal 
antibodies. The precise mechanism by which microwave heating restores immunoreactivity, 
however, remains unknown. One possibility is that heating can lead to disruption of formalin 
induced bonds between proteins and calcium ions (Mogan et al, 1994). The most commonly 
used method utilizes microwave heating in 0.01 mol/L citrate buffer at pH 6.0. Other heating 
approaches include the use of pressure cookers and rice steamers. This method has also been 
applied successfully to cytological samples (Reynolds et al, 1994; Schmitt et al, 1995). 

Since the types and lengths of fixation may differ widely a “test battery” approach has been 
proposed (Shi et al, 1996; Taylor and Shi, 2001 ). This approach is based on the heating 
conditions and the pH of the retrieval solution. According to Shi et al (1996), a maximal retrieval 
level that shows the strongest staining intensity can be established by using this test battery. 

The use of an optimal retrieval protocol permits comparable staining results for a variety of 
archival tissues that have been fixed in formalin for widely different time periods. The heat 
induced antigen retrieval methods also have potential pitfalls. Since most monoclonal 
antibodies react with epitopes containing three to eight amino acids, retrieval methods could 
potentially expose unwanted epitopes of identical sequence in other antigens. This could lead 
to unexpected cross reactions and the problem of false positive reactions as discussed 
previously. Heat induced methods have also been used for the retrieval 
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of DNAand RNAfrom archival samples. Heat induced antigen retrieval may also result in 
enhanced reactivity of endogenous biotin. This is particularly problematic in mitochondria-rich 
cells. When using an avidin biotin-based detection system, therefore, it is critical that 
endogenous biotin be blocked with avidin prior to staining (Rodriquez-Soto et al, 1997) or 
that a non-avidin — biotin system be used. 

ANTIBODIES AND IMMUNOCYTOCHEMICAL METHODS 

Antibodies are immunoglobulin molecules that are produced by B cells. They consist of a pair 
of light chains (kappa or lambda) and a pair of heavy chains (gamma, alpha, mu, delta, or 
epsilon) that are joined together by disulfide bonds (Listrom and Fenoglio-Preiser, 1 992; Abbas 
et al, 2000). IgG has two antigen binding sites, each of which is able to bind with one molecule 
of the antigen. The antigen binding sites are located in the Fab region of the molecule and are 
formed by the N-terminal ends of the light and heavy chain pairs. Antigen binding occurs in that 

region of the Fab fragment that contains the variable domains of both the heavy ^H and light 
chain gene sequences. Specificity is determined by the precise amino sequences of the 
variable domains. The Fc portion of the antibody molecule contains only heavy chains and 
accordingly does not bind to the antigen. However, the Fc portion of the molecule can react 
with receptors on the surfaces of many cells and can lead to non-specific binding of antibodies 
to cells. Complement binding sites are also present on the Fc portion of the immunoglobulin 
molecule and are another potential source of non-specific staining in immunohistochemical 
formats. 

An antibody binds only to a specific portion of an antigen which is called a determinant 
or epitope. With phospholipids or complex carbohydrates, the antigenic determinants are a 
function of the covalent structure of the macromolecule. Noncovalent folding of protein 
macromolecules also contributes significantly to the formation of antigenic determinants. 

Epitopes are generally small and consist typically of three to eight amino acids. Those 
epitopes formed by adjacent amino acids in the molecule are termed linear or continuous 
determinants. If continuous epitopes are present on the surface of the native protein antigen, 
they will be able to react with the corresponding antibody. More often, continuous epitopes may 
be inaccessible to the antibody in their native conformation and will become reactive only when 
the antigen is denatured. Discontinuous epitopes are formed by amino acid sequences from 
separated portions of the molecule that are juxtaposed only in their native folded state. Such 
epitopes are typically lost upon denaturation of the molecule. This phenomenon explains, at 
least in part, discrepancies between the results of antibody assays using immunohisto- 
or cytochemical and Western analyses (Willingham, 1999). 

Athough the two binding sites of an immunoglobulin molecule could bind to two separate 
epitopes on the same or separate molecules of the antigen, probably only one site is bound to 
antigens in tissues. An antigen with several determinants could bind several molecules of 
antibody or could bind several antibodies of differing specificities directed against two or more 
different determinants present in the same antigen. Because of the relatively small number of 
amino acids in an epitopic sequence, cross reactivities of antibodies may occur in 
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unrelated proteins and are a continual source of concern in immunochemical assays. A 
conformational change in an epitope, resulting from changes in pH, type and duration of 
fixation, temperatures of processing and exposure to solvents may, therefore, have a profound 
impact on the reactivity of the antibody with the epitope. 

Although many early immunochemical studies were performed with polyclonal antisera, more 
recent studies have utilized monoclonal antibodies (Taylor and Cote, 1994). Polyclonal antisera 
are prepared by injecting the immunogen of interest into an animal with the subsequent 
stimulation of multiple B-cell clones, each of which produces a single antibody which is specific 
for the inducing epitope. Polyclonal antisera, therefore, contain multiple different 
antibodies with varying specificities and affinities. Repeated immunizations with the same 
antigen increase the selection process and usually lead to the production of antisera containing 
high affinity antibodies. 

Polyclonal antisera have both advantages and disadvantages in immunochemical formats. 

Advantages include the presence of a complex mixture of high- and lowaffinity antibodies to 
different epitopes with a resultant increased probability of antigen antibody interactions. As a 
result, more antibody may react with an antigen molecule. In order to produce a useable 
reagent, however, antisera must be absorbed with unwanted antigens and should be 
affinity purified with pure antigen. Since pre-existing antibodies may also be present in antisera 
and may lead to misleading patterns of reactivity, preimmune sera are invaluable controls to 
eliminate this possibility. 

In contrast, monoclonal antibodies are restricted in their specificity to a single epitope 
(Taylor and Cote, 1994). Monoclonal antibodies are prepared by fusing lymphocytes from 
immunized mice with a murine myeloma cell line, as first described by Kohler and Milstein 
in 1 975. The resultant hy bridoma producing the antibody of interest is separated from the 
other clones and is propagated in vivo or in vitro. This procedure results in an unlimited supply 
of antibody of consistent characteristics in contrast to the batch variations of polyclonal 
antisera. Several problems can be encountered with monoclonal antibodies. Generally, since 
monoclonal antibodies recognize a relatively short amino acid sequence, the potential for 
unexpected crossreactivities exists. Moreover, a higher level of sensitivity is needed when 
antigens are present in low concentrations. In order to circumvent this problem, mixtures of 
monoclonal antibodies (cocktails) to different epitopes on the antigen of interest may be 
used. Selective masking of epitopes as a result of fixation and processing may also lead to 
significant loss of binding with monoclonal antibodies. 
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Immunofluorescence 

Immunofluorescence techniques were first developed in the 1940s; however, they did not gain 
widespread acceptance until the following decade when they became invaluable tools in the 
developing field of experimental immunology (Coons et al, 1942). Since that time, 
immunofluorescence methods have been used extensively as diagnostic tools, particularly in 
the classification of renal diseases and in other immunologically mediated disease process. 
The technique is based on labeling of antibodies with a fluorescent substance. Fluorescence 
microscopy will reveal the site of the antigenantibody product in cells or tissues. Subsequently, 
these methods were utilized for the demonstration of a variety of cell products including 
immunoglobulins, hormones, enzymes and onco-developmental antigens. Principal drawbacks 
to the widespread adoption of immunofluorescencebased methodologies in surgical pathology 
included a relatively low sensitivity with the resultant necessity for fresh frozen tissues, lack 
of sufficient morphological detail, impermanency of stains and the need for specialized 
microscopy. 

Enzyme Conjugates 

Immunoenzymatic techniques employing antibodies conjugated with enzymes (horseradish 
peroxidase, glucose oxidase, alkaline phosphate) were introduced in the mid 1960s as an 
alternative to immunofluorescence methods. The most frequently used procedures employed 
direct or indirect staining sequences with horseradish peroxidase in place of fluorescein 
isothiocyanate (Nakane and Pierce, 1996). In the direct method, horseradish peroxidase was 
conjugated to the primary antibody. The indirect method employed a two stage procedure 
involving application of the primary unconjugated antibody followed by a peroxidase conjugated 
antibody derived from a second species and directed against the globulin fraction of the primary 
antibody. Sites of binding were then visualized by reaction with hydrogen peroxide (the 
substrate) and a chromogen to produce a color reaction product. Although this approach did not 
provide greater sensitivity than direct or indirect immunofluorescence, its major advantage was 
that the results could be studied in a light microscope, thereby eliminating the need for a 
fluorescence microscope. Moreover, the enzyme conjugate methods could be used for 
correlative ultrastructural studies because of the electron density of the reaction product and 
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labelling with colloidal gold. 

The chromogen most commonly employed in peroxidase procedures is 3-3' diaminobenzidine 
tetrahydrochloride, which produces an insoluble reaction product upon oxidation (Nakane 
and Pierce, 1996). The resultant slides are then counterstained, dehydrated and mounted with 
excellent preservation of morphological detail. Alternative chromogens include 4-chloro-1- 
naphthol and 3-ami no-9-ethylcarbozole, which yield blue and red reaction products, 
respectively (Taylor and Cote, 1994). 

Unlabeled Antibody Enzyme Procedures 

The immunoglobulin enzyme bridge and peroxidase antiperoxidase methods represented major 
advances in the development and widespread application of immunohistochemistry by 
pathologists. Although the immunoglobulin enzyme bridge method now has relatively few 
applications, the peroxidase-antiperoxidase technique continues to be used in some 
laboratories (Sternberger et al, 1970). The latter method involves the sequential application of 
a primary antiserum, a bridge or secondary antiserum with specificity directed toward the 
globulin fraction of the primary antiserum and a soluble peroxidase-antiperoxidase 
complex prepared in the same species as the primary antiserum. The bridge antibody is added 
in molecular excess so that binding of one of its antigen combining sites will interact with the 
primary antiserum and the second will be free to combine with the peroxidase antiperoxidase 
complex. The peroxidase-antiperoxidase method possesses considerably higher sensitivity than 
the conjugate methods. The high sensitivity is due to virtual absence of background staining 
with a resultant high signal to noise ratio. The development of this method basically permitted 
the use of formalin-fixed, paraffin-embedded tissues in place of the frozen samples generally 
required for immunofluorescence and enzyme conjugate procedures. Although the peroxidase 
antiperoxidase method was developed initially for polyclonal antisera, this approach can also be 
used for monoclonal antibodies since a murine peroxidase antiperoxidase complex is available. 

Avidin-Biotin Procedures 

Avidin is 68KD glycoprotein which has four binding sites for the low molecular weight vitamin, 
biotin. The interaction of biotin with avidin has an association constant that is several million 
times greater than antigen-antibody binding. In the method developed by Guesdon et al (1979), 
which was referred to as the bridged biotin-avidin technique, sections were incubated 
sequentially with biotin labeled primary antibody, avidin, and biotin labeled horseradish 
peroxidase or other enzymes. This approach has been largely supplanted by the avidin-biotin 
peroxidase (ABC) method and the streptavidin biotin procedure. In the ABC procedure, sections 
are sequentially incubated with the primary antibody, a biotinylated secondary (bridge) antibody 
and preformed complexes of avidin and biotin horseradish peroxidase (Hsu et al, 1981; Hsu 
and Raine, 1984). The intensity of staining with this procedure is due to the formation of a 
lattice-like structure containing multiple peroxidase molecules. 

In the streptavidin-biotin peroxidase procedure, avidin is replaced with streptavidin 

which is conjugated to the enzyme molecule (labeled streptavidin biotin procedure). Similar to 
avidin, streptavidin also possesses a high affinity for biotin; however, because of the absence 
of carbohydrates, non-specific binding is less of a problem than with avidin. Non-specific 
binding due to electrostatic interactions is lessened substantially because of streptavidin's 
lower isoelectric point. These features generally result in high signal to noise ratios. 
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Polymer-Based Methods 

Avariety of methods employing natural or synthetic polymer carriers to increase the number of 
enzymes or ligands that are coupled to linker antibodies have been developed (van der Loos et 
al, 1996; Sabbatini etal, 1998; Shi etal, 1999; Kammerer et al, 2001). Polymeric carriers that 
have been used include dextran, polypeptides, dendrimers and DNA branches. In the direct 
enhanced polymer one-step staining (EPOS) system, primary antibodies and horseradish 

peroxidase are coupled to a divinyl sulfone activated dextran polymer. An indirect polymer 

* 

method has also been developed by Dako Laboratories (En Vision). With this procedure, 
tissues are first incubated with the primary antibody and are then incubated with a polymeric 
conjugate consisting of a large number of peroxidase and secondary antibody molecules bound 
to an activated dextran backbone. The polymeric conjugates hold up to 100 enzyme molecules 
and up to 20 antibody molecules per backbone (Sabbatini et al, 1998). The indirect system 
provides considerably greater flexibility than the direct method since the primary antibody can 
be varied. The use of this polymer based approach circumvents false positive staining due to 
endogenous biotin (\fyberg and Nielsen, 1998). Comparative studies indicate that the polymer- 
based En Vision method possesses a sensitivity which exceeds that of the ABC or labeled 
streptavidin methods (Sabbatini et al, 1998). This method has been adapted for use with frozen 
sections (Kammerer et al, 2001 ) and is capable of detecting a broad range of antigens in less 
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than 13 minutes. 

Some studies have suggested that the sensitivity of this method for the detection of certain 
antigens may be decreased because of the spatial hindrance afforded by the high molecular 
weight of the dextran carrier. In order to circumvent this problem, Shi et al (1999) have utilized a 
more compact enzyme linker antibody conjugate with a high number of enzyme molecules 
attached to each linker antibody with minimal increase in molecular size (Power Vision 
System). The Power Vision reagent is derived from small, multifunctional, polymerizable linkers 
that are used to activate a mixture of enzymes and linker antibodies with polymerization 
occurring under controlled conditions (Shi et al, 1999). The result of this polymerization process 
is an enzyme linker antibody with a more compact molecular shape than other types of 
polymers, thereby allowing the attachment of multiple conjugates in close proximity to one 
another. This procedure also circumvents problems with endogenous biotin. 

Protein A Methods 

Protein A is a cell wall constituent of most S. aureus strains and consists of a single 
polypeptide chain with a molecular weight of 42,000. Protein A has a high affinity for the Fc 
portion of immunoglobulins, particularly of the IgG class. Although the interaction of protein A 
with immunoglobulins is non-immunological, the avidity of binding is comparable to that of 
antigen-antibody interactions. The two stage protein A immunoperoxidase method consists of 
the application of the primary antiserum followed by protein A conjugated with horseradish 
peroxidase (Notani et al, 1979). Athree-step procedure utilizes protein Aas a link between the 
primary antiserum and the peroxidase antiperoxidase complex. Protein A has also been 
linked to colloidal gold particles which can be visualized both by light and transmission 
electron microscopy (Roth and Heitz, 1989). Since colloidal gold particles of different defined 
diameters are now available, multiple antigens can be localized at the ultrastructural level with 
this approach. 

Catalyzed Reporter Deposition (CARD) Method 

The basis for the catalyzed reporter (CARD) method, also known as the tyramide 
amplification technique (TAT), relies on the ability of horseradish peroxidase to catalyze the 
dimerization of biotinylated tyramine (tyramide), thereby permitting the deposition of a large 
number of avidin-biotin-peroxidase complexes or peroxidase-labeled streptavidin molecules. It 
has been suggested that the highly reactive phenol moiety of tyramide intermediates generated 
by the tyramide signal amplification process binds to amino acids in close proximity to the 
horseradish peroxidase molecule. Although this methodology was initially developed for the 
enhancement of enzyme-linked immunoabsorbent and Western blot assays, it has now been 
successfully adapted for immunochemistry, immunoelectron microscopy and in situ hybridization 
(Bobrow et al, 1989; von Wasielewski et al, 1997; Sanno et al, 2001). In this procedure, 
sections are incubated sequentially with the primary antibody, a biotinylated secondary 
antibody, the streptavidin biotin peroxidase complex, biotinylated tyramine (amplification 
reagent) and streptavidin peroxidase, von Wasielewski et al (1997) found a 5- to 50-fold 
(maximum 500) increase in sensitivity with the CARD method when compared with conventional 
immunochemical approaches with a wide range of antibodies. Additional studies, however, will 
be required before this approach is accepted as a standard diagnostic procedure. 

Double Staining Techniques 

Double immunoenzymatic techniques have been developed for the localization of two 
antigens in histological and cytological preparations (Taylor and Cote, 1994). In general, this 
procedure is performed by visualizing the distribution of the first antibody with one of the 
immunoperoxidase methods using diaminobenzidine as the chromogen. The second antibody 
is demonstrated by using a different chromogen (4-chloro-1-naphthol or amino ethylcarbazole). 

The preferred chromogen combination is diaminobenzidine and 4-chloro-1-naphthol, which 
produce the contrasting colors of brown and blue, respectively. Alternatively different enzymes 
and substrates (alkaline phosphatase or 
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glucose oxidase) can be used in the antibody labeling systems (Lam et al, 1988; Gown, 1988). 

CONTROLS 

The use of appropriate positive and negative controls is essential for the interpretation of 
immunochemical stains (Table 45-2). This is particularly critical for cytologic preparations 
where conditions are significantly different from those in fixed and embedded tissues which are 
used most often as controls. Positive controls should contain the antigen of interest and 
should be processed in an identical fashion to the test case. For this purpose, it may be 
possible to establish a bank of imprints or frozen cells from normal and neoplastic tissues 
containing the antigen of interest as well as cells expected to be negative for the antigen. 
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There should also be sufficient cells in the test case to perform negative controls with an 
irrelevant antiserum or monoclonal antibody. If a single slide is available, portions of the 
same slide may be used for the test and negative control by circling areas of interest with 
a diamond pen or wax crayon or using the cell transfer technique using liquid coverglass 

medium (Sherman et al, 1994). Antibody specificity is best determined by immunoblot or 
immunoprecipitation methods (Burry, 2000). Absorption of the antibody with a protein does not 
determine that the antibody would have bound to the same protein in the tissue and may, 
therefore, not be an optimal control for antibody specificity. Method specificity is best 
determined by a negative control (irrelevant monoclonal antibody, preimmune serum) and a 
positive control with cells known to contain the protein of interest. The validation of 
ambiguous results should be assessed by using antibodies to different epitopes of the same 
molecule and by the use of antibodies to related markers (Seidal et al, 2001). 





TABLE 45-2 FALSE-POSITIVE STAINING 


Source of Problem 


Solution 


Endogenous enzyme 
activity 




Peroxidase 


Pretreatment with methanol and hydrogen peroxide, sodium 
azide and hydrogen peroxide or cyclopropane hydrate. 


Alkaline 

phosphatase 


Enzyme activity is destroyed in routinely fixed and embedded 
tissue. If frozen sections or smears are used, endogenous 
enzyme activity can be blocked with levamisole. 


Glucose oxidase 


This enzyme is absent from vertebrate cells and is not 
problematic. 


Hydrophobic/ionic 
interactions of 
antibodies 


Pretreatment of preparations with an irrelevant antibody or 
normal serum. 


Crossreactivity of 
secondary antibody 
with tissue 
components 


Absorption of secondary antibody with purified IgG of 
species from which test tissue is obtained. Use of affinity 
purified antibody. 


Avidin binding 




Electrostatic 

interactions 


Use alkaline pH. This problem can be avoided with 
streptavidin. 


Endogenous 

* 

biotin 


Preincubation of preparations with avidin followed by biotin. 


Free tissue 
aldehydes 


Pretreatment with sodium borohydride, ammonium chloride, 
glycine or lysine. 


Binding of Fc portion 
of antibody molecule 


Use Fab fragments. 


Crossreactivity of 
primary antiserum 


Use affinity purified antibodies. 


•k 

Endogenous biotin activity is markedly enhanced following microwave induced 
antigen retrieval. 



Cell lines have also been utilized as controls (Kurtyczet al, 1997). This approach provides 
essentially unlimited supplies of cells that can be used as both positive and negative controls. 
With the development of increasing numbers of quantitative prognostic markers, the use of 
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appropriate controls has become a critical issue. Seidal et al (2001 ) have suggested an 
approach based on the suspension of cells expressing known and independently 
measured quantities of the antigen within the tissue cassette together with the unknown 
specimen. With this approach, both the 
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specimen and control are subjected simultaneously to identical fixation, processing, retrieval, 
staining, and interpretation. This approach, however, does not circumvent other important 
preanalytic variables, such as antigen degradation during transport of fresh specimens or 
fixation time if the specimens are delivered to the laboratory in the fixed state. 

REGULATORY ISSUES 

Most antibodies employed by pathologists and cytopathologists are classified by the Food and 
Drug Administration (FDA) as Analytic Specific Reagents and class I medical devices which 
exempts them from premarket notification (Food and Drug Administration, 1998; Roche and Hsi, 

2001 ). This ruling is based on the fact that most immunostains do not provide “stand-alone" 
results, but rather that the results are incorporated into a surgical pathology or cytopathology 
report as one component of the entire diagnostic evaluation. Class II medical devices refer to 
those immunostains (e.g., estrogen and progesterone receptors) which do not have routine 
morphological correlates but have substantial and widely accepted scientific validation. Class 
III devices include reagents that are not part of the surgical pathological or cytopathological 
diagnostic process and may result in an independent report (e.g., Hercep Test). Class III 
devices require premarket notification and FDA approval. Surgical pathology and 
cytopathological reports should include a statement that indicates that the 
responsibility for assuring quality of the immunostains rests with the individual 
laboratory and not the manufacturer of the reagents. 

According to NCCLS (National Committee for Clinical Laboratory Standards) guidelines, the 
results of immunohistochemistry or cytochemistry should be incorporated into the final 
pathology report. When this is not possible, the immunochemical findings should be issued as 
an addendum. The report should include a description of the specimen, the type of fixative, the 
antibody (clone number and generic description). The report should also include the results 
of all tests performed together with information on the reactivities of positive and 
negative controls and on the localization of staining (nuclear vs. cytoplasmic vs. 
plasma membrane). 





TABLE 45-3 INTERMEDIATE FILAMENTS 


Intermediate 


Mol 




Filament Type 


Wt 


Distribution 


Cytokeratins 


44- 


Epithelial cells 




68 






kD 




Vimentin 


57 


Mesenchymal, epithelial and neural cells 




kD 




Desmin 


55 


Muscle cells 




kD 




Glial fibrillary 


48- 


Fibrous and protoplasmic astrocytes, some ependymal 


acidic protein 


52 


cells, cerebellar radial glia, Muller cells of the retina, 




kD 


developing oligodendrocytes, non-myelinated Schwann 
cells, some cells of pituitary, breast and adrenal 


Neurofilaments 


70- 


Neuronal cells 




200 






kD 







EPITHELIAL MARKERS 



Cytokeratins 

The cytokeratins are members of the intermediate (10-nm) filament family of cytoskeletal 
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proteins (Osborn and Weber, 1983) (Table 45-3). Intermediate filaments are distinguished from 
other types of cytoskeletal filamentous structures ultrastructurally on the basis of size. 
Microfilaments, which measure 5 to 15 nm, contain actin while the 25-nm microtubules contain 
tubulin. The intermediate filament family includes cytokeratins, vimentin, desmin, glial fibrillary 
acidic protein and the neurofilament proteins (see also Chap. 2). 



The cytokeratins represent a complex family of approximately 20 proteins with molecular 
weights ranging from 44 to 68 kD (Moll et al, 1982; Gown and Vogel, 1984). These proteins, 
which are the major intermediate filament proteins of normal and neoplastic epithelium, can 
be identified in immunochemical formats using pancytokeratin antibodies which react with 
epitopes on multiple different molecular weight cytokeratin proteins or with chain specific 
antibodies which recognize one specific cytokeratin type. Antibodies to cytokeratins are a 
critical component of antibody panels used for the classification of undifferentiated 
malignant tumors (Diagram 45-1 ). As a first step, a cocktail of keratin antibodies should be 
used to demonstrate the possible epithelial nature of the tumor cells. Numerous combinations 
of antibodies have been recommended, but a particularly useful mixture of antibodies 
includes AE1/AE3, MAK-6 and CAM5.2 (DeYoung and Wick, 2000). This particular combination 
provides a spectrum of antibodies 
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that react with keratins 1 through 8 and 14 through 19. 



Lym phoma 

CD45 



Melanoma 






Gorm Coll 


Vimentin + S-1G0 






PLAP 


HMB-45 







X 



CD3. CD20, 
CD23. CD43. 
CD30 



Melan A. microphthalmia ; | AFP, HCG, 

| transcription factor i j CD30, CD117 

(MITF) 



Carcinoma 




Sarcoma 


3road-spectrum 




Vimentin, desmin, 


cytokeratins 




actin 


(e.g., AE1/AE3, 
CAM 5.2, MAK-6) 




L 

myo D1, myogenin, 
CD31. CD34, factor 







B72.3, MOC-31, CEA, 


VIII RA, CD68, SI 00, 


BER EP4 




bcl 2 



Diagram 45-1 Immunochemical approach to the classification of undifferentiated tumors. 
Closed boxes indicate recommended antibodies for primary screening of cases. Dashed 
boxes indicate antibodies for additional characterization of these tumors. 



The cytokeratins are distributed in tissue specific patterns and both primary and metastatic 
tumors tend to recapitulate the cytokeratin profiles of the tissues from which they are 
derived (Wang et al, 1995). In some cases, patterns of cytokeratin expression are simple, while 
in others, complex patterns of cytokeratin expression are apparent. Hepatocellular 
carcinomas, for example, express cytokeratins 8 and 18 while multiple acidic and basic 
cytokeratins are found in squamous carcinomas. In some instances, specific cytokeratins 
can be used to differentiate cells and tumors of particular types. For example, Merkel cell 
tumors are typically positive for cytokeratin 20 (in addition to other cytokeratins) while small 
cell carcinomas arising from other sites are cytokeratin 20 negative (Moll et al, 1992). In some 
instances, the subcellular localization of cytokeratin immunoreactivity may provide important 
diagnostic clues. For example, small carcinomas often show a paranuclear dot-like 
staining pattern while mesotheliomas show a perinuclear net-like pattern of staining. 



There is now an extensive literature on the distribution of cytokeratins in epithelial and 
non-epithelial tumors. Generally, low molecular weight cytokeratins are present in simple and 
glandular epithelium while high molecular weight cytokeratins are typical of stratified epithelium. 
Wang et al as well as other authors have studied the coordinate expression of CK7 (54kD) and 
CK20 (46kD) in a large series of carcinomas of diverse origins (Wang et al, 1995; Chu et al, 
2000; Tot, 1999; Blumenfeld et al, 1999) (Diagram 45-2). CK7 is distributed in a wide array of 
normal simple epithelia while CK20 is present in normal intestinal epithelium, gastric foveolar 
cells, urothelial umbrella cells and Merkel cells (Figs. 45-1 and 45-2). Tumors that coexpress 
both CK7 and CK20 include urothelial (transitional cell) carcinomas of the bladder and 
pancreatic adenocarcinomas while CK7 and CK20 negative tumors include hepatocellular, 
prostatic and renal cell carcinomas as well as squamous and neuroendocrine lung carcinomas. 

The CK77CK20 + phenotype is characteristic of adenocarcinomas of colorectal origin and 
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Merkel cell tumors while the CK7 + /CK20" phenotype is characteristic of tumors arising from a 
wide variety of other sites including the ovary, endometrium, breast and lung as well as 
mesotheliomas. Some carcinomas, including primary gastric adenocarcinomas typically show 
considerable heterogeneity in the expression patterns of cytokeratins 7 and 20. 

Cytokeratin 14 is an acidic cytokeratin which is restricted in its distribution to the 
myoepithelial cells of a variety of organs and basal cells of kerantinized squamous epithelium 
(Chu et al, 2001). This marker is useful for the distinction of poorly differentiated squamous cell 
carcinoma from other poorly differentiated carcinomas. The studies of Chu et al have 
demonstrated that CK14 is present in most cases of squamous cell carcinoma (irrespective of 
their sites of origin or degrees of differentiation), neoplasms with focal squamous differentiation 
(endometrial and ovarian adenocarcinomas, mesotheliomas and transitional cell carcinomas), 
thymomas, myoepithelial components of salivary gland pleomorphic adenomas, and oncocytic 
tumors. 

Coexpression of cytokeratins and other intermediate filaments is relatively common in 
carcinomas. For example, renal, endometrial and thyroid follicular neoplasms, as well as 
mesotheliomas, often coexpress cytokeratins and vimentin while medullary thyroid carcinomas, 
carcinoids, and pancreatic endocrine tumors may coexpress cytokeratins, vimentin and 
neurofilament proteins (Fig. 45-3). Small cell desmoplastic tumors often coexpress 
cytokeratins together with vimentin and desmin. 

Cytokeratin expression has also been documented in a number of sarcomas including 
synovial and epithelioid sarcomas, leiomyosarcomas, rhabdomyosarcomas, chondrosarcomas 
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and Ewing's tumor. Melanomas, particularly in metastatic sites, may also be positive for 
cytokeratins and occasional examples of malignant lymphoma, particularly of the Ki-1 and large 
cell types, have been reported to be positive for cytokeratins. Immunoreactivity for cytokeratins 
(AE1/AE3) also occurs in glioblastoma multiforme and this finding has been attributed to 
cross reactivity with epitopes present in the neoplastic glial cells (Morrison and Prayson, 2000). 

This is particularly problematic when the differential diagnosis includes metastatic poorly 
differentiated carcinoma. Oh and Prayson (1999) have shown that more than 50% of cases of 
glioblastoma multiforme are reactive for AE1/AE3 while only 1 of 23 cases contained cells that 
were positive for CAM5.2 and cytokeratins 7 and 20. In contrast, metastatic carcinomas were 
positive both for AE1/AE3 and CAM5.2. 



CK7. CK20 




Diagram 45-2 Differential expression of cytokeratins 7 and 20. More than 75% of cases 
are positive or negative. (Data from Wang et al, 1995; Blumenfeld et al, 1999;Tot, 1999; 
Chu et al, 2000A.) 




Figure 45-1 Poorly differentiated adenocarcinoma of the lung. A. Immunoperoxidase 
stain for cytokeratin 7 in cell block demonstrates uniform positivity within the tumor cells. B. 
Immunoperoxidase stain for cytokeratin 20 is negative. 
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Epithelial Membrane Antigen (EM A) 

The milk fat globule membrane antigens represent a family of highly glycosylated proteins that 
are present on the apical membranes of breast epithelial cells. Antisera raised against these 
proteins include antibodies to the epithelial membrane antigen (EMA), a 70Kd glycosylated 
protein. EMA is not restricted in its distribution to breast epithelial cells but is present in a very 
wide variety of epithelial cells (Pinkus and Kurtin, 1985; Singh et al, 1995). In addition, a 
variety of normal and neoplastic lymphoreticular cells are reactive 
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for EMA. Perineural cells are also reactive for EMA and positive reactions for this marker are 
present in nerve sheath tumors. Other tumors that are positive for EMA include meningiomas 
and certain sarcomas (epithelioid sarcoma, synovial sarcoma, chordoma, and 
chondrosarcoma) (Fig. 45-4). 




Figure 45-2 Metastatic colonic adenocarcinoma in liver. A Fine needle aspiration 
biopsy stained with the Papanicolaou stain. B. Immunoperoxidase stain for cytokeratin 20 
in cell block demonstrates uniform positivity within the tumor cells. 



Carcinoembryonic Antigen 

Carcinoembryonic antigen (CEA) is a highly glycosylated protein which was detected initially in 
fetal gut and colonic adenocarcinomas (Fig. 45-5). There are considerable variations in staining 
patterns with different polyclonal and monoclonal CEA antibodies (Sheahan et al, 1990). In part, 
these differences are related to the presence of antibodies which cross-react with nonspecific 
cross-reacting antigens (NCA) that are widely distributed in tissues. In immunohistochemical 
preparations utilizing polyclonal antisera or monoclonal antibodies, the presence of reactivity in 
granulocytes indicates the presence of NCAs; however, monoclonal antibodies may be selected 
which lack immunoreactivity for NCAs. CEA is present in a variety of normal cells and 
epithelial neoplasms while melanomas, lymphoma, and sarcomas are negative. 

Other Epithelial Markers 

Avariety of other epithelial markers have been developed for use in immunocytochemistry, 
including B72.3, leu Ml (CD15), MOC-31, and BerEP4 which react with glycoprotein antigens 
(Diagram 45-3). The antigen recognized by B72.3 is a plasma membrane glycoprotein which is 
known as the tumor associated glycoprotein (TAG)-72. B72.3 immunoreactivity is present in 
a wide spectrum of carcinomas and some benign tissues (e.g., endometrium) but is absent in 
mesotheliomas, germ cell tumors and carcinomas of the adrenal cortex, liver, kidney, 
nasopharynxl, and thyroid (Thor et al, 1986; Loy et al, 1993). Antibodies directed to leu Ml 
(CD15) react with neutrophils, monocytes, a subset of T cells and Reed Sternberg cells of 
classic Hodgkin's lymphoma (Arberand Weiss, 1993). In addition, CD15 immunoreactivity is 
present in approximately 75% of pulmonary adenocarcinomas and in a high proportion of 
carcinomas of the breast, kidney, and ovary, while mesotheliomas are typically negative 
(Sheibani et al, 1986). BerEP4 represents another glycoprotein antigen which is expressed in a 
wide variety of epithelial malignancies including those of the Gl tract, pancreatico-biliary tract, 
breast, ovary, and pancreas while mesotheliomas are usually negative (Fig. 45-5) (Sheibani et 
al, 1991). MOC31, which is discussed in further detail in the section on mesothelioma, is also 
positive in a wide range of epithelial malignancies but is nonreactive with germ cell 
malignancies, hepatocellular carcinoma, renal cell carcinoma and mesothelioma (Ruitenbeek et 
al, 1994). The expression of these markers, however, is often focal and a negative result may 
be related to sampling, a problem exacerbated in cytological specimens. 

Other epithelial markers which have been used in the diagnostic setting include CA125, CA19- 
9 and CA15-3. CA125 (OC125) was initially defined in ovarian carcinoma cell lines and is most 
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commonly expressed in mullerian neoplasms, mesotheliomas and bile duct carcinomas, but may 
also be found in a small proportion of other tumor types, including those of the breast and 
thyroid (Bast et al, 1981; Kabawat et al, 1983; Haglund, 1986) (Fig. 45-6). CA19-9 is present in 
carcinomas of the gastrointestinal tract, pancreatico-biliary system, and mullerian origin; 
however, it is also expressed in a high proportion of other tumor types, including those of 
thyroid origin (Loy et al, 1993). CA15-3 is expressed in many tumor types, including those of 
mullerian, gastrointestinal, pancreaticobiliary, renal, breast, and prostatic origin (Gatalicaand 
Miettinen, 1994). 

Transcription Factors as Selective Epithelial Markers 

Transcription factors are proteins that bind to regulatory elements in the promoter and enhancer 
regions of DNA 
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and stimulate or suppress gene expression. Transcription factors may be tissue specific or 
may be present in a variety of different tissue types. Thyroid transcription factor-1 (TTF1 ), 
for example, is present in thyroid follicular cells and C-cells and is also present in the lung 
(Ordonez, 2000) (Fig. 45-7). The adrenal 4 site/steroidogenic factor is present in steroid- 
producing cells and in certain anterior pituitary cell types. The pituitary transcription factor, 

Pit-1, is present in certain cells of the anterior pituitary and is also present in the placenta (Kulig 
and Lloyd, 1996). In some instances, antibodies to transcription factors are of considerable 
value in determining the origins of tumors of unknown primary sites. 




Figure 45-3 Metastatic renal cell carcinoma involving the lung. A Fine needle 
aspiration biopsy stained with the Papanicolaou stain. B. Immunoperoxidase stain for EMA 
performed on destained slide demonstrates membrane positivity. C. Immunoperoxidase 
stain for cytokeratins 8 and 18 (CAM5.2) on a de-stained slide demonstrates cytoplasmic 
positivity. D. Immunoperoxidase stain for vimentin on a destained slide demonstrates focal 
cytoplasmic positivity. E Histological section stained with hematoxylin and eosin 
demonstrates the typical features of renal cell carcinoma. 



MESENCHYMAL MARKERS 

Vimentin 

Vimentin (MW57000) is the characteristic intermediate filament type of mesenchymal cells 
and their corresponding tumors (Battifora, 1991) (see Chap. 2, Diagram 45-2 and Fig. 45-4). 
The presence of immunoreactive vimentin in stromal and endothelial cells is considered an 
index of adequate tissue fixation and has been used as an internal “control" for this 
purpose. Vimentin is not restricted in its distribution to mesenchymal cells, however, since it is 
also found in a wide variety of normal and neoplastic epithelial and neural type cells. In some 
instance, mesenchymal cells and their tumors such as thyroid and kidney also contain 
cytokeratin proteins as discussed below (Miettinen, 1987; Suster, 2000). In mesenchymal cell 
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neoplasms, immunochemical analysis of other markers in addition to vimentin provides 
evidence of specific lines of differentiation. 
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Figure 45-4 Metastatic synovial sarcoma involving the lung. A Fine needle aspiration 
biopsy stained with the Papanicolaou stain. B. Immunoperoxidase stain for EMAin cell 
block demonstrate plasma membrane positivity. C. Immunoperoxidase stain for vimentin in 
cell block demonstrates diffuse cytoplasmic positivity. 




Figure 45-5 Metastatic adenocarcinoma in pleural effusion. A Hematoxylin and eosin 
stain of cell block. B. Immunoperoxidase stain for CEA in cell block reveals cytoplasmic and 
membrane positivity. C,D. Immunoperoxidase stain for B72.3 also demonstrates plasma 
membrane positivity. 
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Diagram 45-3 Immunocytochemistry of poorly differentiated carcinomas. AFP, alpha 
fetoprotein; AMARC, alpha-methylacyl-coAracemase; CEA carcinoembryonic antigen; 
CHR/SG, chromogranins/secretogranins; EMA epithelial membrane antigen; ER, estrogen 
receptor; GCDFP-15, gross cystic disease fluid protein-15; HepPar 1, hepatocyte paratin 
antibody; NF, neurofilaments; PSA prostate-specific antigen; PSMA prostate-specific 
membrane antigen; PSAP, prostate-specific acid phosphatase; PR, progesterone receptor; 
RCC, renal cell carcinoma; SYN, synaptophysin; TGB, thyroglobulin; TTF1, thyroid 
transcription factor; WT-1, Wilms' tumor gene protein. 




Muscle Proteins 

Avariety of markers have been used to identify skeletal muscle differentiation including 
desmin, muscle-specific 
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actin (HHF35), skeletal muscle or sarcomeric actin, myoglobin, and creatine 
phosphokinase-MM (Tsukada etal, 1987; Swanson and Wick, 1995; Suster, 2000) (Fig. 45-8). 
Desmin (MW-55,000) is the major intermediate filament type of muscle cells including cardiac, 
skeletal and smooth muscle cell types. Both desmin and muscle-specific actin are the most 
commonly used markers for muscle tumors (Truong etal, 1990; Rangdaeng etal, 1991). 

Athough myoglobin is specific for skeletal muscle, its sensitivity for the diagnosis of 
rhabdomyosarcoma is low, particularly in poorly differentiated forms of the tumor (Tsokos, 

1994). An alternative approach for the identification of cells with skeletal muscle differentiation 
involves the use of myogenic regulatory proteins (Li and Olson, 1992). Myogenic 
regulatory proteins play a key role in the commitment of primitive mesenchymal cells to a 
skeletal muscle lineage. Since these proteins are expressed earlier than structural proteins 
such as actin, myosin and desmin, they are particularly useful for the diagnosis of 
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rhabdomyosarcoma. Antibodies to myoDI and myogenin have been used extensively for 
this purpose (Wang etal, 1995). In exceptional cases, rhabdomyosarcomas may be 
positive for cytokeratins, neurofilament triplet proteins, neuron-specific enolase, SI 00 protein 
and leu 7. 




Figure 45-7 Metastatic poorly differentiated thyroid carcinoma in the lung. A Cell 
block of fine needle aspiration biopsy stained with hematoxylin and eosin. B. 
Immunoperoxidase stain for thyroid transcription factor-1 in cell block demonstrates nuclear 
positivity. 




Figure 45-8 Metastatic leiomyosarcoma of the bladder involving the sacrum. A 
Hematoxylin and eosin stain of cell block. B. Immunoperoxidase stain for smooth muscle 
actin in cell block demonstrates cytoplasmic positivity. 



Tumors derived from smooth muscle are reactive with antibodies to desmin and muscle-specific 
actin (HHF35). Moreover, these tumors are also reactive with antibodies to smooth muscle actin 
and caldesmon (Watanabe et al, 1999). In some cases, smooth muscle tumors are also reactive 
with cytokeratin antibodies (Suster, 2000). 

Vascular Markers 

The factor VIII related antigen (von Willebrand's factor) and Ulex europaeus I (UEAI) lectin 
have been used extensively for the evaluation of vascular tumors (Leader et al, 1 986). Despite 
its high specificity, however, the factor Vlll-related antigen has a relatively low sensitivity, 
particularly in poorly differentiated vascular tumors. UEAI, on the other hand, has high 
sensitivity but relatively low specificity since it reacts with a variety of epithelial cells. Although 
thrombomodulin was originally proposed as a marker for 

P.1651 

tumors with endothelial differentiation, it is expressed in a variety of other tumor types 
(Ordonez, 1997). More recently, antibodies to CD31 and CD34 have been used for the 
identification of endothelial differentiation (Miettinen et al, 1994; von der Rijn and Rouse, 1994). 

It should be recognized, however, that a variety of soft tissue neoplasms, including 
dermatofibrosarcoma protuberans, solitary fibrous tumor, Gl stromal tumors and peripheral 
nerve sheath tumors are also reactive for CD34. CD31 , on the other hand, may be expressed 
weakly in some carcinomas and mesotheliomas (Suster, 2000). 

Other Markers 

Fibrohistiocytic tumors are vimentin positive and are variably reactive for alpha-1 -antitrypsin, 
alph-1-antichymotrypsin and CD68 (Swanson and Wick, 1995). Occasional fibrohistiocytic 
tumors also exhibit immunoreactivity for cytokeratins. Neurogenic tumors, including 
Schwannomas, neurofibromas and malignant peripheral nerve sheath tumors are typically 
positive for S100 protein and are variably reactive for leu 7 (Wick et al, 1987; Johnson et al, 

1988). EMAmay also be present, particularly in plexiform neurofibromas. Both liposarcomas 
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and chondrosarcomas are typically positive for SI 00 protein while osteogenic sarcomas are 
often positive for osteonectin. Sarcomas which consistently exhibit cytokeratin positivity 

include synovial and epithelioid sarcomas (Swanson and Wick, 1995; Suster, 2000). 

Chordomas are also typically positive for cytokeratins and EMAbut also react with antibodies 
to SI 00 protein. 

Bcl-2 expression was originally described in malignant lymphomas but was subsequently 
identified in a wide variety of other tumors including certain carcinomas and sarcomas (Joensun 
et al, 1994; Nakamura et al, 1997; Nakanishi et al, 1997). As noted by Suster (2000), the most 
useful applications of this antibody are in the diagnosis of the monomorphic variant of 
synovial sarcoma, solitary fibrous tumors, and gastrointestinal stromal tumors (GIST). 

Other connective tissue neoplasms that exhibit bcl-2 positivity include spindle cell lipoma, 
dendritic myxofibrolipoma Kaposi's sarcoma, benign and malignant nerve sheath tumors, 
fibrosarcoma, low grade myxofibrosarcoma, malignant fibrous histiocytoma and 
dermatofibrosarcoma protuberans. CD99 is another marker which is expressed commonly in 
soft tissue tumors, including mesenchymal chondrosarcoma, synovial sarcoma, 
leiomyosarcoma, malignant fibrous histiocytoma and solitary fibrous tumor (Renshaw, 1995). 

CD117 (C-kit) has emerged as an important marker for the interstitial cells of Cajal and the 
gastrointestinal stromal tumors which are thought to arise from these cells (Kindblom et al, 

1998; Suster, 2000). However, c-kit expression also occurs in acute myeloid leukemia, mast 
cell disease, malignant melanoma, Ewing's tumor, and a variety of carcinomas, 
including those of the breast, endometrium, lung, ovary and thyroid. Among spindle cell 
tumors, c-kit expression has been documented in leiomyosarcomas, dermatofibrosarcoma 
protuberans, hemangiopericytoma, malignant fibrous histiocytoma, and synovial sarcoma, 
among others. 

LYMPHOID MARKERS 

The malignant lymphomas include a heterogeneous group of neoplasms which have been 
classified into Hodgkin and non-Hodgkin types (see Chap. 31). The subclassification of these 
neoplasms depends on distinctive architectural, cytological, immunophenotypic and molecular 
features (Hughes et al, 1998; Jaffe-Perez et al, 1999). Immunophenotypic methods include flow 
cytometry and immunocytochemistry (see Chap. 47 and Diagram 45-2). The advantages of 
immunocytochemistry, particularly when applied to cytospin preparations, are the requirements 
for relatively small numbers of cells and the ability to directly correlate cellular morphology with 
patterns of marker expression (Simsir et al, 1999). Disadvantages of immunocytochemistry on 
cytospin preparations include the relatively low sensitivity of detection of small monoclonal 
populations and the inability to provide quantitative data. In institutions with considerable 
experience in immunocytochemistry and cytological specimens, the rate of correlation between 
flow cytometry and immunocytochemistry is as high as 98% (Simsir et al, 1999). In 98 cases 
reported by Simsir et al, 11% could not be phenotyped by flow cytometry and 4% could not be 
phenotyped by immunochemistry. While the precise subclassification of malignant lymphomas 
cannot be achieved in cytological preparations alone, their distinction from other types of poorly 
differentiated malignancies and reactive lymphoid proliferations can be accomplished in 
cytological samples. 

One of the most useful markers for this purpose is leukocyte common antigen (CD45) (Chu 
et al, 2000) (Fig. 45-9; see Diagram 45-2). CD45 is a 200 kD glycoprotein which is present in 
the plasma membranes of B and T lymphocytes, monocytes and granulocytes but which is 
absent from erythrocytes and megakaryocytes. CD45 is present in the vast majority of 
malignant lymphomas although its reactivity may be weak or absent from plasmacytic 
neoplasms, anaplastic large cell lymphomas, Reed Sternberg cells in Hodgkin lymphomas of 
mixed cellularity, and nodular sclerosing and lymphocyte depleted Hodgkin lymphoma. Reed- 
Sternberg cells of lymphocyte-predominant Hodgkin lymphomas are usually positive. A 
specificity of 100% and a sensitivity of 90% have been reported for antibodies to CD45. 

The immunophenotypic identification of B-cell lymphomas is accomplished by the 
demonstration of B-cell cell markers and in some cases (small lymphocytic lymphoma and 
mantle cell lymphoma) by the concurrent expression of CD5. The cases which are most 
amenable to cytological diagnosis are those that consist of a monomorphic cell population that 
does not require architectural assessment. Cases of follicular lymphoma, marginal zone 
lymphoma, mantle zone lymphoma, and Hodgkin lymphoma often require histological 
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assessment (see Chap. 31). B-cell lineage is most effectively accomplished by the application 
of CD19, CD20, CD22, and CD45RA antibodies (Fig. 45-9). In addition to these markers, the 
diagnosis of B-cell lymphomas and their differentiation from reactive processes requires 
the demonstration of light chain restriction by staining for kappa and lambda light chains. 

Monoclonality is defined as a kappalambda ratio of more than 6:1 or a lambda:kappa ratio of 

more than 4:1 (Sneiqe, 1990). In addition to CD20, antibodies that are of particular value in the 
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categorization of mature B-cell lymphomas include CD43, CD5, CD10, CD23, and cyclin D1. 
Positive staining for CD43 and CD5 is characteristic of small lymphocytic lymphoma and mantle 
cell lymphoma. CD23 is consistently expressed in small lymphocytic lymphomas but is present 
in less than 20% of mantle cell lymphomas and marginal zone lymphomas. Among lymphomas, 
CD10 expression is limited to those of follicular type while cyclin D1 positivity is characteristic of 
mantle cell lymphomas. 




Figure 45-9 Large cell lymphoma. A Immunoperoxidase stain for leukocytes common 
antigen (CD45) performed on a Papanicolaou stained aspirate demonstrates positive 
staining of the plasma membranes. B. Immunoperoxidase stain for CD20 demonstrates a 
similar pattern of staining. C. Immunoperoxidase stain for CD3 demonstrates a population 
of non-neoplastic T-cells. D. Hematoxylin and eosin stained section of a subsequent 
excisional biopsy demonstrates the typical features of a large cell lymphoma. 



The diagnosis of T-cell lymphomas is considerably more difficult than the diagnosis of B-cell 
lymphomas in cytological preparations. The identification of T-cell lymphomas requires the 
demonstration of appropriate T-cell markers with dropout of certain of the antigens. The 
presence of terminal transferase is characteristic of lymphoblastic lymphomas. For further 
extensive discussion of these issues, see Chapter 31 . 

NEURAL AND NEUROENDOCRINE MARKERS 

Neurofilaments 

The neurofilaments are composed of heteropolymers of three different subunits with molecular 
weights of 70, 170, and 200 kD, corresponding to low (L), medium (M), and high (H) molecular 
weight subunits (Shaw and Weber, 1982; Kimura et al, 1990; Morrison and Prayson, 2000) (see 
Diagram 45-3). Each isoform differs by the extent of phosphorylation. The neurofilaments 
represent the major intermediate filaments of mature and developing neurons, paraganglionic 
cells and certain normal neuroendocrine cells. In neurons, NF-L and NF-M are present in 
immature cells with neuronal differentiation while NF-H is present in mature neurons. These 
proteins are also expressed in tumors with evidence of neuronal differentiation and 
are present in varying degrees in neuroendocrine tumors of epithelial type which also 
contain cytokeratins. Neuroendocrine 
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tumors of nonepithelial type, such as paragangliomas and neuroblastomas, are positive for 
neurofilaments but negative for cytokeratins (Wick, 2000; DeLellis, 2001). 

Cytosolic Markers 

Neuron-specific enolase (NSE) is a glycolytic dimeric enzyme composed of alpha, beta and 
gamma subunits. Neurons and neuroendocrine cells contain the gamma-gamma form of the 
enzyme while other forms of enolase are present in a wide variety of normal and neoplastic 
cells (Tapia et al, 1981 ). Since NSE is a cytosolic marker, it is usually positive even in those 
cells and tumors that contain few or no secretory granules. Although most antibodies to neuron 
specific enolase provide a high level of sensitivity for the detection of cells with 
neural/neuroendocrine differentiation, their specificity is low (Fig. 45-10) (Haimoto et al, 

1985). Monoclonal antibodies to NSE, on the other hand, exhibit a higher specificity but lower 
sensitivity (Thomas et al, 1987). Protein gene product 9.5 (PGP 9.5) is another cytosolic 
marker that separates ubiquitin from other proteins (Rode, 1983). This marker is present in a 
wide variety of neuroendocrine cells and tumors but its specificity as an immunochemical 



2876 / 3276 



Koss' Diagnostic Cytology & Its HistopatNt5ogliicnBifflBes?hahnBti'y and Molecular Biology in Cytological Diagnosis 



marker is low. 

Chromogranins 

The chromogranins include a family of proteins which form the most abundant constituent by 
weight of the chromaffin granules (Lloyd and Wilson, 1983) (Fig. 45-11). The chromogranin 
family includes chromogranin A, chromogranin B, and secretogranin II, in addition to other 
chromogranin types (secretogranin IV and V) (Fahrenkamp et al, 1995). There is differential 
expression of chromogranins in normal cells and corresponding neoplasms of differing origins. 
For example, chromogranin A predominates in mid-gut carcinoids while chromogranin B is the 
predominant granin of hindgut neuroendocrine cells and carcinoids. The extent of 
chromogranin positivity generally parallels the numbers of intracytoplasmic secretory granules. 




Figure 45-10 Small cell bronchogenic carcinoma. A ThinPrep stained with 
Papanicolaou stain. B. Immunoperoxidase stain for neuron specific enolase on ThinPrep. 
The tumor cells were also positive for EMAand synaptophysin. 



Synaptophysin 

Synaptophysin is a 38 kD protein present in synaptic vesicles of neurons, neuroendocrine cells 
and many neuroendocrine tumors (Gould et al, 1986) (see Fig. 45-11). Synaptophysin, 
however, is not entirely specific for neuroendocrine tumors. Adrenal cortical neoplasms, for 
example, may exhibit synaptophysin reactivity (Komminoth et al, 1995). 

Peptide Hormones and Amines 

The hormonal content of neuroendocrine cells and tumors can be demonstrated effectively 
with monoclonal antibodies using a variety of staining formats (DeLellis, 2001 ). Although tumors 
of specific sites have characteristic patterns of hormone expression (see Chap. 39 as an 
example), the presence of a particular hormone does not allow absolute predication of the site 
of origin of a metastatic neoplasm. Calcitonin, for example, is present in medullary thyroid 
carcinomas, small cell lung carcinomas, bronchopulmonary carcinoids, and thymic and prostatic 
neuroendocrine tumors. Somatostatin shows a similar widespread distribution. 

Other Markers 

Leu 7 (CD57) reacts with lymphocytes with natural killer and killer cell activity, some neural and 
neuroendocrine cells and a wide variety of neoplasms including small cell carcinomas, 
neuroendocrine tumors, and carcinomas of the thyroid and prostate (Arber and Weiss, 1 995). 

GLIAL MARKERS 

Glial fibrillary acidic protein (GFAP) (52 kD) is the major intermediate filament of fibrous 
and protoplasmic astrocytes and their corresponding neoplasms (Eng et al, 1971). This 
protein is also present in some ependymal cells, cerebellar radial giial cells and Muller cells of 
the retina. 
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While mature oligodendrocytes do not contain GFAP, cells that transiently express GFAP and 
myelin basic protein have been described. Staining intensity in glial tumors is inversely 
proportional to tumor grade (Schiffer et al, 1986; Morrison and Prayson, 2000). GFAP is also 
present in nonmyelinated Schwann cells, certain cells of the pituitary and breast and in tumors 
not considered to be of glial origin including mixed tumors of salivary gland and skin origin, 
nerve sheath tumors and chordomas. 
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Figure 45-11 Pancreatic endocrine tumor. Cell block of fine needle aspirate stained (A) 
with hematoxylin and eosin, ( B ) with immunoperoxidase stain for chromogranin, and (C) 
with synaptophysin both showing cytoplasmic granularity. 



S100 protein (MW20-25 kD) is a calcium binding protein composed of alpha and beta subunits 
(Jensen et al, 1985). The exact function of this protein is, however, unknown. SI 00 protein is 
present in a wide variety of cells in the nervous system including astrocytes, oligodendrocytes, 
ependymal cells, Schwann cells, and some neurons and in their corresponding neoplasms. At 
the cellular level, it is present both in the nuclei and in cytoplasm. This antigen is present in a 
wide variety of other normal cell types, including Langhans cells, and it is present in a very 
wide variety of tumor types including melanomas and carcinomas (Nakajima et al, 1982). 

MELANOMA MARKERS 

The diagnosis of malignant melanoma, particularly those tumors of amelanotic type, is 
challenging both in histological and cytological materials (Gupta and Lallu, 1997) (see Diagram 
45-1). Numerous antibodies have been assessed for the diagnosis of this tumor, but none is 
absolutely specific. In most studies, a panel of antibodies directed to vimentin, S100 
protein, HMB45, and MARTI (melanoma-associated antigen recognized by T cells) is used to 
establish the diagnosis of melanoma (Fig. 45-12; see Diagram 45-2). 

Vimentin is strongly expressed in melanomas, but by itself this marker is of little diagnostic 
value since it is expressed in a wide variety of tumors (Angeli et al, 1988). Although initial 
studies indicated that melanomas were negative for cytokeratins, more recent studies 
employing histological and cytological materials have revealed cytokeratin positivity in 
variable numbers of cases, particularly in metastatic sites. In fine needle aspirates, for example, 
cytokeratin positivity has been found in up to 25% of evaluable cases (Banks et al, 1 995). 

SI 00 protein is the most sensitive marker for the diagnosis of melanoma; however, this protein 
is widely expressed in a variety of normal cells and neoplasms of diverse origins. Both in 
cytological and histological samples, positive staining is present, both within the nucleus 
and the cytoplasm. However, the value of S100 as a melanoma marker appears to be 
somewhat limited in alcohol-fixed FNA specimens (Simmons and Martin, 1991). 

HM45 has a higher level of specificity but lower sensitivity than SI 00 (Simmons and Martin, 

1991). The staining is typically granular and is present within the cytoplasm. Desmoplastic 
and spindle cell melanomas are usually negative for HMB45. Other lesions that are reactive for 
HMB45 
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include angiomyolipoma and pulmonary lymphangioleiomyomatosis (Zamecnik, 1999). 
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Figure 45-12 Metastatic malignant melanoma involving the lung. A. Diff-Quik stain. B. 
Immunoperoxidase stain for S100 protein demonstrates nuclear and cytoplasmic positivity. 
C. Immunoperoxidase stain for Melan-A(A103) demonstrates cytoplasmic positivity. D. 
Immunoperoxidase stain for HMB45 demonstrates cytoplasmic positivity. 



MARTI is a melanocyte specific antigen that is widely expressed in malignant melanomas. Two 
clones have been developed (M27C10 and A103) and both have similar patterns of reactivity in 
melanocytic lesions (Beaty et al, 1997; Jungbluth et al, 1998; Fetsch et al, 1999). The antibody 
A103 also cross-reacts with an epitope present in steroid producing cells. In a comparative 
study of effusions, melanoma cells were positive for MART 1 in 78% of cases, HMB45 in 81 % 
and SI 00 in 81 % of cases. Coexpression of all three markers was observed in 63% of cases 
(Beaty et al, 1997). Fetsch et al (1999) demonstrated that the MART 1 antibody was more 
sensitive than HMB45 for the diagnosis of melanoma in FNA samples. Blessing et al (1998) 
compared the antibodies to Melan A, SI 00 and HMB45 in histological preparations and 
concluded that Melan A was more sensitive than HMB45, but was of less value than SI 00 for 
the diagnosis of desmoplastic and spindle cell melanomas. The clear cell sarcoma of 
soft parts (melanoma of soft parts) also exhibits positivity for SI 00 and FIMB45. 

The microphthalmia transcription factor (MiTF), which is essential for the development and 
survival of melanocytes, has been used in immunochemical formats as a marker for melanomas 
and benign melanocytic lesions (King et al, 1999, 2001; Koch et al, 2001). Of particular 
importance is the fact that MiTF may be positive in tumors that are HMB45 and SI 00 
negative (King et al, 1999, 2001 ). King et al have demonstrated that MiTF is a sensitive and 
specific marker for melanomas of all types, except for the desmoplastic variant. In their series, 
only 1 of 14 (7%) desmoplastic melanomas was MiTF-positive. Koch et al (2001 ), on the other 
hand, reported MiTF immunoreactivity in 11 of 20 (55%) of desmoplastic melanomas in their 
series. Other tumors reported to have MiTF positivity are neurofibromas (20%), atypical 
fibroxanthomas (10%), clear cell sarcomas (70%), and melanotic schwannomas (100%). In 
renal tumors, MiTF has been reported in approximately 75% of angiomyolipomas and 2 of 
23 non-angiomyolipomatous tumors, including 1 renal cell carcinoma and 1 liposarcoma 
(Zavala-Pompa et al, 2001). An additional benefit of MiTF is that the staining is nuclear and this 
feature is particularly helpful in heavily pigmented cells. 

GERM CELL MARKERS 

The correct identification of germ cell tumors is critical for the design of appropriate 
management strategies for affected patients. One of the most useful markers is placental 
alkaline 
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phosphatase (PLAP) which is expressed in the majority of germ cell tumors of all types with 
the exception of teratomas (Wick et al, 1987; Bailey et al, 1992) (see Diagram 45-1). 
Immunoreactivity for PLAP is typically seen in the cell membranes of tumor cells although 
occasional cases may also exhibit cytoplasmic staining. However, PLAP is also present in a 
variety of other tumor types and, in fact, was first described in a patient with bronchogenic 
carcinoma as the Regan isoenzyme of alkaline phosphatase. 

Human chorionic gonadotropin (HCG) is absent from seminomas with the exception of 
occasional syncytial trophoblastic elements which may be scattered within the tumor (Niehans 
et al, 1988). Similar HCG positive cells may be identified in embryonal carcinomas, but 
choriocarcinomas generally stain intensely for HCG. Alpha-fetoprotein immunoreactivity is 
generally present in embryonal carcinomas and yolk sac tumors, but is absent from 
seminomas. 
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Although early studies indicated that seminomas were negative for cytokeratins, more recent 
studies have demonstrated cytokeratin immunoreactivity in 20% to 50% of cases using 
antibodies AE1/AE3 and CAM5.2 and is most frequently present in the form of a dot-like 
paranuclear pattern of staining. In a recent study, Tickoo et al (2002) demonstrated CAM5.2 
reactivity in 20% of seminomas. Thirteen of the cases had only dot-like staining while 4 cases 
showed rare single cells with membrane type staining and 2 cases had both dot-like and 
membrane predominant staining. In this series, 2 of 14 seminomas with atypia were positive for 
CAM 5.2 and both had membrane staining in rare single cells. All cases with dot-like staining 
belonged to the usual seminoma group. Embryonal carcinomas, yolk sac tumors, and 
choriocarcinomas are more consistently and extensively cytokeratin positive. 

The studies of Ferreira et al (1994) demonstrated that CD30 is present in most embryonal 
carcinomas but is negative in seminomas and yolk sac tumors. More recent studies, however, 
indicate that scattered CD30 positive cells may be present in occasional yolk sac tumors and 
seminomas (Hittmair et al, 1996). In the seminoma group, CD30 immunoreactivity was more 
likely to occur in seminomas with atypia rather than in the usual seminomas. Suster et al have 
demonstrated consistent differences in patterns of staining in mediastinal and gonadal 
germ cell tumors (Suster et al, 1998). For example, cytokeratin positivity was present in a dot- 
like pattern in 80% of mediastinal seminomas but in only 20% of testicular primaries while PLAP 
was more commonly expressed in mediastinal than in testicular primaries. 

Avariety of other markers have been studied in germ cell tumors including ferritin, alpha-1- 
antitrypsin, and the c-kit gene product (CD117). c-kit is present both in a high proportion of 
testicular seminomas and ovarian dysgerminomas within the plasma membranes of the 
tumor cells. Nonseminomatous and germ cell tumors, on the other hand, are either c-kit- 
negative or show focal cytoplasmic staining in occasional cells (Tsumura et al, 1994; Izquierdo 
etal, 1995; Strohmeyer et al, 1995). A higher proportion of seminomas with atypia arec-kit 
negative as compared to usual seminomas (Tickoo et al, 2002). 

SMALL ROUND CELL TUMOR MARKERS 

The small round cell tumors encompass a heterogeneous array of neoplasms which include 

malignant lymphomas, Ewing's sarcoma/peripheral neuroectodermal tumor, 
rhabdomyosarcoma, Wilms' tumor, small cell neuroendocrine carcinoma, 
neuroblastoma and the desmoplastic small round cell tumor (Table 45-4). Distinction of 
these various tumor types is of paramount importance because of differences in therapeutic 
approaches. The immunohistochemical features of rhabdomyosarcoma and malignant 
lymphoma have been discussed previously. 

Neuroblastomas commonly express the NF-L protein; however, some cases are positive with 
antibodies to the NF-M and NF-H proteins (Molenaar et al, 1990). Neuron specific enolase is 
present in virtually all neuroblastomas. Additional markers that are positive in these tumors 
include chromogranins and secretogranins, synaptophysin, ganglioside D2, protein gene 
product 9.5, microtubule (MAPI, MAP2) and tau proteins and certain neuroblastomadirected 
monoclonal antibodies, including UJ13A and HSAN1.2 (Artlieb et al, 1985; Wiedemann et al, 
1985; Brook et al, 1989; Oppedal et al, 1989; Moss et al, 1991; Sariola et al, 1991). CD99 is 
typically negative in neuroblastomas (Stevenson et al, 1994). 

Wilms' tumor is typically positive for vimentin in the blastemal elements and these cells may 
also express cytokeratins. The epithelial elements are cytokeratin positive while vimentin is 
negative. The stromal cells are vimentin positive and may exhibit desmin immunoreactivity in the 
presence of muscle differentiation. These tumors also exhibit positivity for the Wilms' tumor 
(WT) gene product (Grubb et al, 1994). 

Ewing's sarcoma/peripheral neuroectodermal tumors (ES/PNET) are generally positive for 
neurofilament proteins in addition to a variety of other neural markers including neuron 
specific enolase, synaptophysin, leu 7 and protein gene product 9.5. In some cases, 
secretogranin II immunoreactivity is evident, but this is variable. The CD99 antibody, which 
reacts with a plasma membrane protein product of the MIC2 gene, is typically positive in 
ES/PNET. CD99 can be demonstrated in histological preparations and in a variety of cytological 
materials (Halliday et al, 1998). The combination of CD99 and vimentin positivity is common; 
however, CD99 positivity is not specific for ES/PNET. Immunoreactivity for CD99 is also present 
in lymphoblastic lymphomas, some rhabdomyosarcomas, synovial sarcomas and the blastemal 
elements of Wilms' tumors. 

The desmoplastic small round cell tumor is typically positive for cytokeratins EMA vimentin, 
desmin and neuron specific enolase (Fig. 45-13). Desmin immunoreactivity has a dot-like 
pattern of distribution. Using the antibody WT (C19), the tumors are consistently positivity for 
the Wilms' tumors (WT) gene product (Barnoud et al, 2000). In the same study, 71% of Wilms' 
tumors showed positivity while rare positive staining was present in 12% of 
rhabdomyosarcomas. There were no positive cases of Ewing's tumor or neuroblastoma. CD99 



2880 / 3276 



Koss' Diagnostic Cytology & Its HistopatNt5ogliicnBifflBes?hahnBtty and Molecular Biology in Cytological Diagnosis 



is usually negative but some cases 

may show diffuse cytoplasmic staining. Stains for chromogranins and synaptophysin are most 
often negative. 
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TABLE 45-4 IMMUNOCHEMISTRY OF SMALL ROUND CELL TUMORS OF CHILDHOOD 

Tumor type KER VIM DES ACT MYOG NSE NF SYNAP CHG CD99 LCA CD20 CD3 Tdt OSTEO 

Neuroblastoma - + - - - + ++ + ..... 

PNET/ES ± + - - - + ++ ± + 

Small cell + + + --+-- - ± - - - - - 

desmoplastic tumor 

Rhabdomyosarcoma - + + + + ± - - - ±/+ - - - - - 

Lymphoma 

Burkitt's . + 

Lymphoblastic - + - + + -++- 

Wilm's tumor ± + ------ ....... 

Blastema 

Epithelium + - - - - ... ...... 

Stroma - + ±±±-±± ....... 

Osteosarcoma . + ...... ......+ 

KER, Keratin; VIM, vimentin; DES, desmin; ACT, actin; MYOG, myoglobin; NSE, neuron specific enolase; NF, neurofilaments; SYNAP, 
synaptophysin; CHG, chromogranin; CD99, MIC-2; LCA leukocyte common antigen; CD20, B-cell marker; CD3, T-cell marker; Tdt, 
terminal transferase; osteo, osteonectin. 



TUMORS OF SPECIFIC SITES 

Breast 

There are currently no markers that are entirely specific for normal or neoplastic breast 
epithelial cells. Although casein, alpha-lactalbumin, gross cystic disease fluid protein 
(GCDFP15) and epithelial membrane antigen (EMA) were originally thought to be specific 
markers, each is also present in a variety of other cell types. Epithelial membrane antigen 
is present in a very wide variety of normal and neoplastic epithelial cell types, as discussed in a 
previous section. Gross cystic disease fluid protein is present in normal apocrine glands, serous 
cells of normal salivary glands and bronchial submucosal glands. This protein is 
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expressed in 72% of invasive ductal carcinomas and in 53% of invasive lobular carcinomas 

(see Diagram 45-3). The rates of specificity and sensitivity and the predictive value of a 

positive result for GCDFP15 were 95%, 74%, and 74%, respectively, as reported in a large 

study by Wick et al (1989). Corresponding parameters for alpha-lactalbumin were 50%, 50%, 

and 23%. Other authors, however, have found a low sensitivity for GCDFP15 in breast 

carcinoma. In the study reported by Mazoujian et al (1989), 55% of breast carcinomas were 

positive for GCDFD15. In this series, only 23% of carcinomas without apocrine features stained 

positively while only 5% of medullary carcinomas were positive. Tumors that were most likely to 

be positive included carcinomas with apocrine features (75%), infiltrating signet ring cell 

carcinomas (90%) and intraductal carcinomas (70%). In addition to breast carcinomas, the 

major tumor types positive for GCDFP15 were carcinomas of salivary glands, sweat glands, 

and prostate. Rarely, ovarian, renal and urothelial carcinomas may express positivity for this 

marker. Immunochemistry for GCDFP15 has also been analyzed in cytological preparations. In 

the study reported by Fiel et al (1996), 13 of 23 primary, recurrent or metastatic breast 
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carcinomas were positive for GCDFP1 5 while none of 20 non-breast carcinomas was positive. 
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Figure 45-13 Pelvic washings from a patient with a desmoplastic small round cell 


tumor. A. Papanicolaou stain of a ThinPrep. B. Immunoperoxidase stain for cytokeratins 


(AE1/A3) on ThinPrep demonstrates strong cytoplasmic reactivity. C. Immunoperoxidase 
stain for desmin on ThinPrep demonstrates strong cytoplasmic staining. 



Strong positivity for estrogen and progesterone receptors has also been used as a marker 
for the identification of breast carcinoma in metastatic sites (Figs. 45-14 and 45-15). However, 
steroid receptor positivity is not restricted to breast cancers and may also be found in other 
gynecological malignancies and a variety of other tumor types, including those of thyroid origin. 
Deamant et al (1993) have examined the predictive value of estrogen receptor positivity in 
a large cohort of carcinomas of the breast and a variety of other sites. Estrogen receptor 
positivity was noted in 88% of lobular carcinomas and 66% of ductal carcinomas. In nonbreast 
tumors, positivity was present in 53% of endometrial carcinomas, 46% of thyroid carcinomas, 
and 45% of ovarian carcinomas. There was no evidence of estrogen receptor positivity in 276 
gastric carcinomas or 151 pulmonary carcinomas; however, sweat gland tumors may also 
exhibit positivity for estrogen receptor (Swanson et al, 1991). Other tumors which may be 
positive for estrogen on progesterone receptors include meningiomas, some sarcomas, and 
neuroendocrine tumors of the lung, skin, gastrointestinal tract and pancreas (Viale et al, 1992; 
Bacchi et al, 1997). 




Figure 45-14 Metastatic breast carcinoma in pleural effusion. A. Diff-Quik stain. B. 
Immunoperoxidase stain for estrogen receptor performed on cell block demonstrates 
nuclear positivity. C. Immunoperoxidase stain for Her 2 neu performed on cell block 
demonstrates staining of the plasma membranes. 



The monoclonal antibody, CA15-3, was originally developed as a breast specific marker. 
However, subsequent studies revealed a widespread distribution in a variety of different 
carcinomas including those of the lung, kidney and bladder, as discussed in a previous section. 

In addition to epithelial cells, myoepithelial cells have also been studied extensively in 
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normal and neoplastic breast tissues using antibodies to SI 00 protein and smooth muscle 
actin. The presence of myoepithelial cells has been used to distinguish papillomas (positive) 
from papillary carcinomas (negative) and to identify foci of invasion in in situ carcinomas in 
histological sections. Antibodies to muscle 
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specific actin in smears and cell block consistently highlighted myoepithelial cells in 
fibroadenomas and cases of atypical hyperplasia while invasive carcinomas failed to show the 
reticulated pattern of staining seen in benign breast lesion (Masood et al, 1995). Dabbs and 
Gown (1999) have also studied the distribution of myoepithelial cells in fine needle aspiration 
biopsies of the breast using antibodies to smooth muscle myosin heavy chain and calponin. 

These studies have demonstrated that calponin-positive myoepithelial cells were commonly 
associated with in situ ductal carcinomas although, occasionally, they were discontinuous or 
entirely absent and that invasive carcinomas were devoid of myoepithelial cells. Bipolar 
stromal cells, on the other hand, did not correspond to myoepithelial cells and were 
negative for calponin and smooth muscle myosin heavy chain. 




Figure 45-15 Metastatic breast carcinoma in axillary lymph node. A Papanicolaou 
stain. B. Immunoperoxidase stain for estrogen receptor performed on Papanicolaou stained 
section, without prior destaining shows nuclear positivity. C. Immunoperoxidase stain for 
progesterone receptor performed as in B. 



The distinction of metastatic breast carcinomas from primary pulmonary carcinomas is 

a formidable problem using cytological preparation. Harlamert et al (1998) demonstrated that 
lung adenocarcinomas were CK7 + /CK20' in 95% of cases and exhibited thyroid transcription 
factor 1 (TTF1) reactivity in 76%. Breast carcinomas were consistently TTF1 negative and 
also exhibited a CK7 + /CK20" phenotype. 

Lung 

Carcinomas of all cell types are positive for cytokeratins. Both adenocarcinomas and 
squamous cell carcinomas demonstrate diffuse cytoplasmic reactivity while oat cell carcinomas 
generally exhibit a dot-like paranuclear staining pattern. With respect to cytokeratins 7 and 20, 
most nonsmall cell carcinomas are CK7 + /CK20' as are bronchioloalveolar carcinomas (Wang et 

al, 1995) (see Fig. 45-1). Most squamous carcinomas are CK7 + /CK20" as are most small cell 
carcinomas. CEAis also present in all pulmonary tumor types, but small cell carcinomas are 
generally less reactive than adenocarcinomas and squamous carcinomas. EMAis expressed in 
adenocarcinomas of the lung but is not helpful in the distinction of primary from metastatic 
adenocarcinomas in this site. Surfactant protein B precursor is present in 51% of pulmonary 
adenocarcinomas and 20% of large cell carcinomas (Khoor et al, 1999) (see Fig. 45-6). It is 
also present in non-neoplastic pneumocytes type II (see Chap. 19). Thyroid transcription 
factor 1 is present in 75% of lung adenocarcinomas, 10% of squamous cell carcinomas and 
26% of large cell carcinomas (Fig. 45-16). In contrast, TTF1 is present in less than 1% of 
nonpulmonary adenocarcinomas. This marker is, therefore, particularly useful in the 
distinction of primary pulmonary adenocarcinomas from metastatic adenocarcinomas 
to the lung and mesotheliomas (Harlamert et al, 1998; Khoor et al, 1999). 

Small cell carcinomas, large cell neuroendocrine carcinomas, and typical and atypical 
carcinoids are usually positive for neuron-specific enolase and are variably positive for 
chromogranins, synaptophysin and a variety of peptides such as gastrin-releasing 
peptide. Carcinoids are 
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more consistently positive for chromogranins and synaptophysin than are small cell carcinomas. 

TTF1 is present in 75% of large cell neuroendocrine carcinomas, 30% of typical carcinoids, 

100% of atypical carcinoids and 95% of small cell carcinomas (Folpe et al, 1999; Ordonez, 

2000). This marker is also useful in the distinction of metastatic pulmonary small cell 
carcinomas from Merkel cell carcinomas which are typically negative for TTF1 . Occasional 
extra pulmonary small cell carcinomas, however, may show reactivity for TTF1 while 
extrapulmonary non-small-cell neuroendocrine tumors are negative for TTF1 (Agoff et al, 2000). 




Figure 45-16 Adenocarcinoma of the lung. A Cell block-stained with hematoxylin and 
eosin. B. Immunoperoxidase stain for thyroid transcription factor-1 in cell block shows 
nuclear staining. 



Mesothelioma 

The distinction of malignant mesothelioma and metastatic adenocarcinoma in body 
cavity fluids is a formidable challenge (see Chap. 26). The simplest and least expensive test is 
mucicarmine stain that is positive in most adenocarcinomas and negative in mesotheliomas 
(see Chap. 26). Since the late 1970s, a variety of polyclonal antisera and monoclonal 
antibodies have been developed using cultured human mesothelial cells (Singh et al, 1979), 
malignant mesothelioma cell lines (O'Hara et al, 1990) or purified recombinant proteins such as 
the NH2 terminal region of the Wilms' tumor suppressor gene protein as the immunogens (Amin 
et al, 1995) and the AMAD2 antiserum which is directed against a recombinant cytoplasmic 
mesothelial protein (Donna et al, 1997). Many of these antibodies are effective only in 
frozen sections, lack mesothelioma specificity or react primarily with the epithelial 
type of malignant mesothelioma (Donna et al, 1997) (Table 45-5; see Diagram 45-3). 



Negative Markers 



Until recently, a variety of “negative” markers, which were present in adenocarcinomas but not 
in mesotheliomas, formed the basis for the diagnosis of mesothelioma. One of most extensively 
utilized negative markers is CEA. Initial studies reported by Wang et al indicated that CEAwas 
present in 100% (12 of 12) of adenocarcinomas but in no cases of mesothelioma (0 of 9). Since 
that time, numerous additional studies have reported that up to 45% of mesotheliomas may 
express CEA particularly when polyclonal antisera are used. Moreover, additional studies 
showed that up to 75% of adenocarcinomas may be negative for CEA. Despite these wide 
variations, which are undoubtedly related to technical variables, CEA remains a valuable 
negative marker, particularly when using monoclonal antibodies under highly controlled 
conditions (Wick et al, 1990; Riera et al, 1997). The monoclonal antibody B72.3 has also been 
used as a negative marker (see Fig. 45-5). Initial studies reported by Lafebvre et al (1985) 
demonstrated that B72.3 was present in 85% of lung adenocarcinomas and in 20% of 
mesotheliomas which generally exhibited weak staining. In a larger series, Ordonez (1999) 
reported B72.3 reactivity in 81 % of pulmonary adenocarcinomas and in only 1 .7% 
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of mesotheliomas. Thus, B72.3 is a useful additional negative marker. 



TABLE 45-5 IMMUNOCHEMISTRY OF MALIGNANT MESOTHELIOMA 

Positive Markers 

Thrombomodulin 
Cytokerakin 5/6 
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Calretinin 

N-Cadherin 

CD44S 

HMBE-1 

Negative Markers 



CEA 
B72.3 
BerEP4 
CD15 (leu Ml) 

MOC-31 

BG-8 

CA19-9 

Surfactant protein B precursor (pro-SB-P) 
Thyroid transcription factor-1 (TTF-1) 



Latza et al (1990) demonstrated that BerEP4 was expressed in 99% of adenocarcinomas but in 
none of 14 mesotheliomas. Subsequent studies reported that a small proportion of 
mesotheliomas expressed BerEP4, but, in general, the pattern of staining was focal (Ordonez, 

1998) . LeuMI (CD15) was initially reported as negative in mesotheliomas, but subsequent 
studies noted that a small proportion of these tumors was positive for this marker (Sheibani et 
al, 1986). In a study reported by Ordonez (1999), 70% of pulmonary adenocarcinomas were 
CD15 positive while none of 120 mesotheliomas was positive. Thus, CD15 appears to be a 
specific marker for differentiating adenocarcinomas from mesotheliomas but its 
sensitivity is low. 

MOC31 is a monoclonal antibody prepared against a small cell carcinoma tumor line. Early 
studies reported by Delahaye et al (1997) showed that MOC31 reactivity was present in 8% of 
mesotheliomas and 60% of adenocarcinomas. More recent studies have demonstrated MOC31 
reactivity in 90% of primary and metastatic carcinomas and in 5% of mesotheliomas (Ordonez, 

1999) . The monoclonal antibody BG8 reacts with the blood group antigen Lewis^. Early studies 
reported BG8 reactivity in 100% of pulmonary adenocarcinomas and in 23% of mesotheliomas 
(Jordon et al, 1989). Subsequent studies by Riera et al (1997) noted BG8 positivity in 93% of 
pulmonary adenocarcinomas and 9% of mesotheliomas. In the mesotheliomas, staining was 
most often weak and focal. The Lewis^, a blood group antigen, as detected by the 
monoclonal antibody CA19-9, has also been studied in malignant mesotheliomas and 
adenocarcinomas. In the study reported by Fetsch et al (1998), CA19-9 was present in 3% of 
mesotheliomas and in 49% of adenocarcinomas. 

Khoor et al (1999) have used antibodies to surfactant protein B precursor (pro-SP-B) and 
thyroid transcription factor-1 (TTF1) to distinguish pulmonary adenocarcinomas from 
mesotheliomas (see Fig. 45-16). Staining for pro-SP-B was present in 50% of adenocarcinomas 
and 20% of large cell carcinomas while TTF1 was present in 76% of adenocarcinomas and 
26% of large cell carcinomas. Both mesotheliomas and squamous cell carcinomas were 
negative for both markers (Khoor et al, 1999). 

Positive Markers 

A number of positive markers for mesotheliomas have been developed recently including 
thrombomodulin, cytokeratin 5/6, calretinin, N-cadherin, CD445, HMBE-1, and the 
Wilms' tumor gene product (Ordonez, 1999). Initial studies revealed that thrombomodulin 
was present in 100% of mesotheliomas and 8% of pulmonary adenocarcinomas (Collins et al, 
1992). More recent studies, however, have reported that up to 42% of pulmonary 
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adenocarcinomas may be positive for thrombomodulin. Squamous carcinomas are frequently 
positive for thrombomodulin and those studies reporting high frequencies of reactivity in 
adenocarcinomas may have included cases of pulmonary adenosquamous carcinoma. 

According to Ordonez (1999), up to 80% of mesotheliomas are positive while up to 15% of 
adenocarcinomas may exhibit positivity. 

Moll et al (1989) demonstrated cytokeratin 5/6 in more than 90% of epithelial and biphasic 
mesotheliomas but in none of 21 adenocarcinomas using the AE14 monoclonal antibody in 
frozen tissue sections. Later, Clover et al (1997) used the monoclonal antibody, D5/16B4, in 
formalin-fixed, paraffin-embedded tissues and demonstrated reactivity in 100% of 
mesotheliomas and 18.5% of adenocarcinomas. Ordonez (1999) observed positive staining for 
cytokeratin 5/6 in 100% of mesotheliomas and squamous carcinomas but in none of 30 
pulmonary adenocarcinomas. Fifteen percent of nonpulmonary adenocarcinomas were positive 
for cytokeratin 5/6, but the pattern of staining was generally weak and focal. 

Calretinin, a 29kD calcium binding protein, is present in a wide variety of neural and non- 
neural cells, including steroid-producing cells of the ovary and testis, renal tubular cells, 
adipocytes, and mesothelioma cells (Andressen et al, 1993). In a large series of cases, Doglioni 
et al (1996) observed calretinin staining in 100% of mesotheliomas and in 10% of 
adenocarcinomas (Fig. 45-17). With cytological specimens, Barberis et al (1997) reported 
positive staining in 100% of mesotheliomas and in 23% of carcinomas. Subsequent studies by 
Riera et al (1997) reported calretinin positivity in 42% of mesotheliomas and 6% of 
adenocarcinomas of diverse origins. Variations in the sensitivity of calretinin for the diagnosis of 
mesothelioma are undoubtedly related to differences in the primary antibodies used. Using the 
same case material, Ordonez (1999) found calretinin in 100% and 74% of mesotheliomas when 
2 different calretinin antibodies were used. 

N-cadherin has been found in 92% of mesotheliomas and in 7% of adenocarcinomas while a 
reverse pattern of reactivity has been found with antibodies to E-cadherin. In addition to its 
presence in mesotheliomas, N-cadherin is also present in serous and endometrioid ovarian 
carcinomas. However, Simsir et al (1999) have found that neither anti-N-cadherin nor anti- 
calretinin could reliably distinguish reactive mesothelial cells, malignant mesothelioma cells or 
adenocarcinoma 
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cells in pleural effusions. These workers also demonstrated that anti E-cadherin is a potentially 
useful marker in the distinction of adenocarcinoma cells from reactive mesothelial cells but that 
it was not as useful for the distinction of malignant mesotheliomas and adenocarcinoma. CD44 
has also been suggested as a marker to distinguish mesotheliomas from adenocarcinomas. 

However, Filie et al (1998) have reported CD44 in 90% of mesotheliomas and 43% of 
adenocarcinomas in cytological preparations. The monoclonal antibody HBME1, which was 
produced against a malignant mesothelioma cell suspension, reacts with an antigen present on 
the surface of mesothelial cells. The antibody also reacts with cytoplasmic constituents present 
in adenocarcinoma cells and the distinction between cytoplasmic and plasma membrane 
staining may at times be difficult to distinguish. Politi et al (2005) incorporated calretinin and 
HBME into a different panel of antibodies and reported that reactive and malignant mesothelial 
cells were recognized with very high sensitivity and a specificity of about 75%. The AMAD2 
antiserum, which directed to a recombinant cytoplasmic mesothelial protein, was positive in 
100% of malignant mesotheliomas and 7% of plural metastasis (Donna et al, 1997). 




Figure 45-17 Mesothelioma. Core biopsy stained for calretinin shows nuclear and 
cytoplasmic staining in the tumor cells (see Chap. 26). 
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Other Markers and Cocktails of Markers 

Antibodies to the Wilms' tumor gene protein (WT1) have also been used in 
immunochemical formats to distinguish mesotheliomas and adenocarcinomas. Amin et al (1995) 
observed positivity for WT 1 in 95% of mesotheliomas, but no positivity was observed in 20 non- 
small cell lung carcinomas. Kumar-Singh et al (1997) obtained similar results but noted staining 
in 2 of 2 papillary ovarian tumors and in 1 renal cell carcinoma. 

Carella et al (2001 ) evaluated the efficacy of a set of commercially available antibodies for 
mesothelioma (calretinin, thrombomodulin, cytokeratins 5/6, and high molecular weight 
cytokeratins utilizing the monoclonal antibody 34BE12) and for pulmonary adenocarcinoma 
(MOC31 , BerEP4, and polyclonal CEA) with the aid of multiple logistic classification tables. 

Based on this type of analysis, two batteries of three antibodies permitted more than 98% 
accuracy: (1 ) BerEP4, CKs 5/6, and calretinin and (2) BerEP4, CKs 5 and 6, and CEA. The 
authors concluded that these two batteries are equally reliable and that the choice depends on 
availability of the particular reagents. 

Separation of Benign From Malignant Mesotheiiai Cells 

The distinction of reactive mesotheiiai cells from malignant mesothelioma may also be 
a formidable problem. Singh et al (1995) have utilized a monoclonal antibody to epithelial 
membrane antigen (EMA) to aid in this discrimination in cell blocks and cytospin preparations. In 
their study, EMA immunoreactivity was found in 97% of malignant effusions including all from 
cases of malignant mesothelioma. Staining for EMA was present in 3.8% of benign effusions. 

Recent studies indicate that immunoreactivity for p53 may be helpful in the distinction of 
benign and malignant effusions. Studies reported by Tiniakos et al (1995) indicated that 43.7% 

(7/16) of malignant effusions were p53 positive while 2.5% (3/121) of benign and 23.5% (4/17) 
of suspicious effusions exhibited positivity. Two of three patients whose effusions were 
classified as benign had subsequent evidence of malignancy while 16 of 17 patients with 
suspicious diagnoses were subsequently proven to have malignancies. Estimation of the 
proliferative fraction using antibodies to MIB1 has also proven helpful in the distinction of 
benign and malignant effusions. Correlation between MIB1 labeling index (>20%) and effusion 
type (benign, suspicious or malignant) was statistically significant ( p <0.0001) (Saleh et al, 

1999). For further comments on identification of mesotheliomas, see Chapter 26. 

Liver, Gastrointestinal Tract, and Pancreas 

Avariety of markers have been utilized for the distinction of hepatocellular carcinomas 
(HCCs) from other tumor types, including cholangiocarcinomas and metastatic 
adenocarcinomas (Christensen et al, 1989; Johnson et al, 1992). Alpha-fetoprotein is a 
relatively specific marker but its sensitivity is low with positive results in less than 50% of 
hepatomas. Alpha-1 -antitrypsin (AIAT) has been reported in up to 80% of HCCs in fine 
needle aspirates; however, AIAT is not specific since it also may be present in gastric, 
colorectal, pancreatic and renal cell carcinomas (Guindi et al, 1994). Polyclonal antisera and 
monoclonal antibodies to CEA with reactivities directed to biliary glycoprotein typically 
demonstrate bile canaliculi both in normal hepatocytes and hepatocellular carcinomas; 
however, normal and dysplastic liver cells also demonstrate canalicular staining. In contrast, 
metastatic adenocarcinomas and cholangiocarcinomas do not exhibit a canalicular staining 
pattern (Johnson et al, 1992). Wee and Nilsson (1997) demonstrated CEA immunoreactivity in 
approximately 80% of hepatocellular carcinomas including small cell, clear cell and giant cell 
variants. However, with increasing anaplasia, the canaliculi become infrequent, irregularly 
distributed and increasingly distorted and interrupted. The hepatocytes paraffin monoclonal 
antibody (HepParl) recognizes cells of HCC but also some metastatic tumors (Lugli et al, 

2004). CD 10 (neprilisin) is expressed in a canalicular pattern in HCCs but not in normal livers. 

Cells of metastatic carcinomas express diffuse cytoplasmic staining with this reagent. The 
sensitivity of this stain in the diagnosis of HCCs is 68% and the specificity is 100% (Borscheri 
et al, 2001). 

The distribution of cytokeratins has also been studied extensively in these tumors. Johnson 
et al (1988) demonstrated that 94% of hepatocellular carcinomas were positive for CAM5.2, 
which reacts with cytokeratins 8 and 18. Only 3% of the tumors were positive with the AE1 
monoclonal antibody which is reactive with cytokeratins 10, 14, 15, 16, and 19. In contrast, 

100% of cholangiocarcinomas and metastatic tumors involving the liver were positive for CAM 
5, 2 and AE1 . Cytokeratins 7 and 20 are absent from most of hepatocellular carcinomas 

while cholangiocarcinomas typically have a CK7 + and CK20" phenotype (Wang et al, 

1995). 

Although not specific, CD34 has been particularly helpful 
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in the diagnosis of hepatocellular carcinoma (Kong et al, 2001) (Fig. 45-18). This marker is 
present in endothelial cells within portal vessels and in a few sinusoidal lining cells adjacent 
to the portal tracts. In hepatocellular carcinomas, on the other hand, positive staining is present 
on the surface of the entire lobule and provides an accentuation of the trabecular growth 
pattern. Regenerative nodules in cirrhotic liver show only slight and focal staining, a pattern 
which is similar to that of focal nodular hyperplasia. 

The monoclonal antibody MOC31 has been helpful in the distinction of hepatocellular 
carcinomas from metastatic adenocarcinomas (Niemann et al, 1999). This antibody was 
generated against a small cell carcinoma line and reacts with a membrane-based glycoprotein 
of unknown function. Metastatic carcinomas involving the liver show diffuse cytoplasmic 
staining while hepatocellular carcinomas are either negative or show only focal 
positive staining. Niemann et al (1999) have shown that for metastatic adenocarcinoma, 
MOC31 positivity has a sensitivity of 83%, a specificity of 87%, a positive predictive value of 
83%, and a negative predictive value of 87%. Wang et al (2004) combined MOC31 with 
HepParl to report high specificity and sensitivity in differentiating these two tumor types. A 
panel consisting of HepParl , polyclonal CEA, CD 10 and CD 34 is fairly specific in recognition 
of HCC, with CD 10 staining the bile canaliculi (Fig. 45-18) and CD 34 the capillaries (Saad, 
2004). Antibodies to telomerase react positively with hepatocellular carcinomas while 
adjacent nonneoplastic tissue shows focal reactivity in approximately 20% of cases. 

Gastric adenocarcinomas may exhibit considerable variability in the expression of CK7 and 
CK20. Thirty-eight percent of these tumors are CK7 + /CK20 + , 35% are CK7'/CK20 + , 17% are 

CK7 + /CK20' and 10% are CK77CK20'. Similar to colorectal adenocarcinomas, gastric 
carcinomas are CEA positive in a high proportion of cases. Other markers that are commonly 
positive in gastric carcinomas include CA15-3 (100%), BerEP4 (96%) and CA19-9 (92%). 

Colorectal adenocarcinomas exhibit a CK7'/CK20 + phenotype in 75% of cases while 15% of 
cases are CK77CK20’ and 10% are CK7 + /CK20 + (Wang et al, 1995; Lagendijk et al, 1998) 
(see Fig. 45-2). The vast majority of mucinous colonic carcinomas are also CK77CK20 + . CEA 
is expressed in most of colorectal adenocarcinomas, although there may be considerable 
variation in positivity from area to area in any single tumor. The absence of CEA 
immunoreactivity in a metastatic adenocarcinoma suggests that the origin is unlikely 
to be the gastrointestinal tract. Positive staining for CEA, on the other hand, is not specific 
for a gastrointestinal primary since a considerable proportion of adenocarcinomas of 
nongastrointestinal origin will be positive for this marker. Other markers that are commonly 
positive in colorectal carcinomas include EMA(88%), CA19-9 (83%), B72.3 (78%), and CA15-3 
(85%). 




Figure 45-18 Hepatocellular carcinoma. A Diff-Quik stains shows a trabecular growth 
pattern with transgressing capillaries. B. Immunoperoxidase stain for CD34 in cell block 
accentuates the vascular pattern. 



Pancreatic ductal carcinomas are typically positive with antibodies to broad spectrum 
cytokeratins. These tumors most commonly express cytokeratins of simple epithelial type, 
including cytokeratins 7, 8, 18, and 19; however, cytokeratins 14, 15/16, and 17 are present in 
the majority of cases while cytokeratins 5, 10, and 13 are present in a subpopulation of the 
tumor cells (Real et al, 1993). Approximately 60% of the cases have a CK7 + /CK20 + phenotype 

while 28% are CK7 + and CK20' (Wang et al, 1995). The tumors are positive for EMA 
(epithelial membrane antigen), MUC1, CA15-3, CEA, and BerEP4 in more than 95% of the 
cases while approximately 80% of the cases exhibit positivity for CA19-9 and B72.3 (Batge et 
al, 1986; Ichihara et al, 1988; Osako et al, 1993). The antibody DU-PAN2 is positive in more 
than 80% of pancreatic ductal carcinomas, but the specificity of this reagent is low (Toshkov et 
al, 1994). Moreover, ducts in cases of chronic pancreatitis may exhibit positivity for this 
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marker and some of the other markers that have been used for ductal tumors. 

Molecular approaches have also been used for the diagnosis of these tumors in cytological 
specimens (van Es et al, 1995). 

Acinar cell tumors of the pancreas are also positive for cytokeratins and, in addition, are 
commonly positive for trypsin and lipase. Positive staining for chymotrypsin and amylase are 
less common (Klimstra et al, 1992). 
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Pancreatic endocrine tumors are typically positive for cytokeratins and markers of 
neuroendocrine differentiation, including chromogranin and synaptophysin (Saleh etal, 

1998). The hormonal content of these tumors can also be assessed by the use of 
antibodies to insulin, glucagon, somatostatin, pancreatic polypeptide, vasoactive 
intestinal peptide, and gastrin. However, the number of cells obtained in most needle 
aspiration biopsies is usually too limited for full characterization of these tumors. Cell blocks of 
needle aspirates and core biopsies, on the other hand, often will provide sufficient cellular 
material (Akosa et al, 1994). Nonfunctional pancreatic endocrine tumors often contain 
pancreatic polypeptide immunoreactive cells. 

Kidney, Urinary Bladder, and Prostate 

Renal cell carcinomas commonly coexpress cytokeratins and vimentin (Avery et al, 

2000) (see Fig. 45-3). With respect to cytokeratins 7 and 20, approximately 70% of renal cell 
carcinomas are negative for both cytokeratins and 24% are positive for cytokeratin 7 but 
negative for cytokeratin 20 (Wang et al, 1995). Renal cell carcinomas are usually positive for 
EMAand CA15-3. Both CD10 and RCC (a 200 kD glycoprotein expressed in proximal renal 
tubular cells) are useful reagents for the diagnosis of renal tumors. More than 80% of clear cell 
carcinoma are positive for RCC and 94% are positive for CD10. Papillary carcinomas are also 
typically positive for both markers. On the other hand, chromophobe carcinomas are 
negative for both markers. 

Urinary Bladder and Other Urothelial Tumors 

A comprehensive review of immunohistology and immunocytology of the urothelium and 
urothelial tumors was presented by Nathrath (1995). No specific markers of urothelial cancer 
were identified among keratins, although keratin 18 reacted strongly with urothelial 
carcinoma in situ. There was little, if any, specificity among blood group-related antigens. 

Other specific urothelial markers are discussed in Chapter 23. Of special current interest is the 
application of antibodies to uroplakins, specific proteins associated with urothelium is 
discussed at length in Chapters 23 and 26. In our hands, uroplakin antibodies were reasonably 
specific as markers of urothelial tumors in dilution 1 :10,000. At lower dilutions, nonspecific 
cytoplasmic staining was observed in a broad variety of cells. Weaver et al (2001) attempted to 
grade urothelial carcinomas of renal pelves with antibodies to cytokeratin 20 and CD44 protein 
with questionable results. 




Figure 45-19 Metastatic prostatic carcinoma involving the pelvic bone. A Hematoxylin 
and eosin stain of cell block. B. Immunoperoxidase stain for prostate specific antigen in cell 
block demonstrates strong cytoplasmic staining. 



Prostate carcinomas are typically positive for broad-spectrum cytokeratins using the 
antibodies AE1/AE3 and CAM5.2. The cytokeratin antibody 34BE12 (K903) that stains basal 
cells has also been used extensively for the evaluation of carcinomas in prostatic core needle 
biopsies. The value of this antibody in prostatic FNAhas not been tested. Typically, in 
histologic sections, prostatic carcinomas lack basal cells while benign and hyperplastic 
glands retain the basal layer (Hedrick and Epstein, 1989). In addition to keratin positivity, 
prostatic carcinomas frequently express leu 7 (CD57); however, a variety of other tumor types 
including thyroid carcinomas, synovial sarcomas and carcinoids are also positive (Arber and 
Weiss, 1995). 
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Both prostatic acid phosphatase (PAP) and prostate specific antigen (PSA) are 

remarkably useful markers for identifying the prostatic origin of metastatic malignancies of 
unknown origin (Cho and Epstein, 1987) (Fig. 45-19). With the exception of small cell 
prostatic carcinomas, which are often negative for PAP and PSA most adenocarcinomas of 
the prostate are positive for one or both markers. Because of the variability in the distribution of 
these markers, however, variations in positivity due to sampling differences may lead to false- 
negative results. This is particularly true in the small biopsy samples obtained by fine needle 
aspiration. Prostatic acid phosphatase, however, is not entirely specific for prostatic tumors 
since immunoreactivity may also be found in neuroendocrine tumors, including pancreatic 
endocrine tumors and carcinoids, particularly those of hindgut origin (Azumi et al, 1991). 
Adenocarcinomas of the bladder and breast carcinomas may also demonstrate 
immunoreactivity for PAP. However, these tumors are typically negative for PSA Prostate 
specific antigen may be expressed in periuretheral glands both 
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in males and females, in cases of cystitis glandularis and cystica, and in urachal remnants. 
Immunoreactivity for PSA also may be present in adenocarcinomas of the bladder, 

particularly when polyclonal antisera are used (Grignon et al, 1991). Moreover, PSA has also 
been observed in breast cancers, including those of the male breast, and in certain other tumor 
types such as those of salivary gland origin (Bodey et al, 1997; Gupta, 1999; Fan et al, 2000). 

Prostate specific membrane antigen (PSMA) is a 100 kD cell membrane glycoprotein which 
is recognized by the monoclonal antibody 7E11-C5. More than 85% of prostatic carcinomas 
are PMSA positive as are normal and hyperplastic prostatic tissue. Epithelial cells of 
other tumor types are PMSA negative but endothelial cells in renal and urothelial carcinomas, 
as well as some other carcinomas, are positive. The significance of this finding, however, is 
unknown (Bostwick et al, 1998; Murphy et al, 1998). Apha-methylacyl-coAracemase (AMARC) 
is useful in the detection of prostatic carcinoma but it may also be expressed in other tumor 
types (Zhou et al, 2002). 

Neuroendocrine markers, including chromogranins and synaptophysin, may also be 
found in prostatic adenocarcinomas (Schmid et al, 1994; di Sant' Agneses, 1998). In some 
studies, the presence of these markers has been associated with decreased survival 
probability. Small cell neuroendocrine carcinomas of the prostate are often positive for 
chromogranin and synaptophysin. 

Female Genital Tract 

Cytokeratins are typically present in ovarian and endometrial carcinomas of all types. 

Mucinous ovarian carcinomas typically exhibit a CK7 + /CK20 + phenotype while 

nonmucinous ovarian and endometrial carcinomas are CK7 + /CK20" (Wang et al, 1995; 

Filho et al, 1997). A variety of other markers have been utilized for the analysis of tumors of the 
uterus and ovaries and their distinction from other tumor types. None of the monoclonal 
antibodies to ovarian carcinomas, however, is specific, but some have shown limited patterns of 
reactivity. One of the antibodies that has been used most extensively is OC125, a monoclonal 
antibody prepared against a human serous ovarian carcinoma (Bast et al, 1981; Kabawat 
et al, 1983; Haglund et al, 1986). Immunochemical studies have shown that CA125 is present 
on the surfaces of epithelial cells of mullerian origin, mesothelium, amnion, and in 
carcinomas of the ovary, endometrium, fallopian tubes, and endocervix (see Fig. 45-6). 
Comparative studies have revealed that nonmucinous ovarian carcinomas are more commonly 
OC125 positive than mucinous ovarian carcinomas and carcinomas arising at extra-ovarian and 
extra-mullerian sites (Bell, 1995). However, positive reactions are also seen in carcinomas of 
other origins and in mesotheliomas. 




Figure 45-20 Papillary serous carcinoma of the endometrium. A Hematoxylin and 
eosin stain of cell block. B. Immunoperoxidase stain for p53 in cell block demonstrates 
strong nuclear staining (see Chapter 14). 
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Pinto and Kotta (1996) have examined a series of FNAs in female patients in conjunction with 
assays for CEAand CA125. These studies have demonstrated that increased CEA levels 
enhance the sensitivity of cytological diagnoses of carcinomas of the colon, pancreas and lung 
while low CEAand high CA125 levels support an ovarian/endometrial primary. 

Lagendijk et al (1998) have examined the utility of six antibodies for the distinction of ovarian 
and colonic tumors. The panel included antibodies to CEA cytokeratins 7 and 20, CA125, 
vimentin, and CA19.9. This study demonstrated considerable overlap of reactivity for these 
markers. However, colonic carcinomas were typically positive for CEAand CK20 and negative 
for CK7 and CA125. Ovarian carcinomas were typically positive for CK7 and CA125 and 
negative for CEAand CK20. Most ovarian carcinomas, including the mucinous types, could be 
distinguished from colonic carcinomas with high probability using a panel of antibodies that 
includes CEA, CK7, and vimentin. 

Using imprints of surgical biopsies from common epithelial ovarian tumors, loakim-Liossi et al 
(1997) demonstrated no evidence of p53 staining in 15 benign and 3 borderline serous 
tumors while 74% of malignant tumors were positive (Fig. 45-20). 

Calretinin, a marker extensively used in studies of mesothelioma, is expressed in a wide 
spectrum of ovarian sex cord-stromal tumors, including adult and juvenile granulosa 
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cell tumors, fibrothecomas, Leydig cell tumors, Sertoli-Leydig cell tumors, sex cord 
stromal tumors with annular tubules, gonadoblastomas and sclerosing stromal tumors. 

McCluggage and Maxwell (2001) demonstrated calretinin immunoreactivity in 97% of sex cord- 
stromal tumors, the one exception being 1 (of 11) fibrothecomas. In their series, focal reactivity 
was found in occasional endometrioid carcinomas, endometrial stromal neoplasms, ovarian 
carcinoids, and Brenner tumors. 

Ordonez (1998) has examined the value of a series of markers to distinguish epithelial 
peritoneal mesotheliomas from peritoneal and ovarian serous carcinomas. In this study, 
calretinin, thrombomodulin and cytokeratin 5/6 were the best positive markers for 
mesotheliomas. The best diagnostic discriminators among those antibodies typically negative 
for mesothelioma were MOC31 , B72.3, BerEP4, CA19-9 and leu Ml . Markers which were not 
helpful in this differential diagnosis included carcinoembryonic antigen, placental alkaline 
phosphatase, epithelial membrane antigen vimentin, HBME1, 44-3A6, CA125, and S100 
protein. The results of this study also demonstrated that papillary serous carcinomas of the 
peritoneum or ovaries could not be distinguished from each other on the basis of 
these markers. 

The monoclonal antibody (H/lab) 12C3, which is reportedly specific for human ovarian 
carcinomas, has also been used in immunochemical formats (Yamada et al, 1995). This 
antibody reacted with the majority of carcinomas but was negative in benign tumors. 

Cases of borderline tumors showed positive reactions in regions of cellular atypia. These data 
suggest that Mab 12C3 could be useful in the detection of early malignant change in epithelial 
ovarian tumors. The p53 mutation has been shown to be an important marker in the 
identification of intraepithelial carcinoma of the endometrium (see Chap. 13). 




Figure 45-21 Metastatic thyroid follicular carcinoma involving the scalp. A Diff-Quik 
stain of ThinPrep. B. Immunoperoxidase stain for thyroglobulin in ThinPrep demonstrates 
strong cytoplasmic staining. C. Histological section of resected metastatic thyroid 
carcinoma. 



2891 / 3276 



Koss' Diagnostic Cytology & Its Histopath(t5ogliianBifflBes?hShnBtty and Molecular Biology in Cytological Diagnosis 



In reference to the uterine cervix, many efforts have been made in recent years to find specific 
morphologic markers for identification of neoplastic cells in cytologic preparations, thus 
facilitating the screening process. Most of these efforts failed. More recently, an antibody to 
p10lNK4A a tumor-suppressor protein, was proposed as a marker for high grade squamous 
and endocervical neoplastic lesions (Klaes et al, 2001; Negri et al, 2003; Bose et al, 2005). The 
antibody is not expressed in normal epithelium and its presence depends on the E7 open 
reading frame of high risk human papillomaviruses (see Chap. 11). The acceptance of this 
approach to cervix cancer detection is uncertain. 

Endocrine Glands 
Thyroid and Parathyroid 

Thyroglobulin is a remarkably useful marker for papillary and follicular neoplasms of 
the thyroid (see Diagram 45-3). Virtually all follicular adenomas and well-differentiated 
follicular carcinomas, and more than 90% of papillary carcinomas, are thyroglobulin positive 
(Bockeretal, 1981;Tung etal, 1995; Bejarano et al, 2000) (Fig. 45-21). In 
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both tumor types, however, there is often considerable heterogeneity in the distribution of 
thyroglobulin such that small biopsies may be negative. Poorly differentiated carcinomas 
originating from well-differentiated papillary or follicular neoplasms are less frequently positive 
while undifferentiated carcinomas are usually thyroglobulin negative (Carcangiu et al, 1984; 

Ordonez et al, 1991). 

Thyroid carcinomas of all types are positive for cytokeratins and a substantial proportion 
coexpress vimentin (Fig. 45-22). Most of these tumors exhibit a CK7 + /CK20' phenotype 
(Bejarano et al, 2000). Papillary carcinomas are usually reactive with high molecular weight 
cytokeratins and also with antibodies to CK19 (Miettinen et al, 1997; Baloch et al, 1999; 

Kragsterman et al, 1999; Liberman and Weidner, 2000; Sahoo et al, 2001). Most studies have 
demonstrated strong and diffuse staining for CK19 in papillary carcinomas and weak or 
absent staining in follicular neoplasms and hyperplastic nodules (Raphael et al, 1994, 

1995; Schelfhout et al, 1989). Cytokeratins 5/6 and 13 were present in a high proportion of 
papillary carcinomas, in contrast to their absence from normal thyroid and follicular neoplasms 
(Fonseca et al, 1997). However, the number of CK 5/6 and 13 positive cells in papillary tumors 
was generally low. Involucrin is present in approximately 70% of papillary carcinomas and 
30% of follicular tumors (Liberman and Weidner, 2000). 

Thyroid transcription factor-1 is present in more than 95% of papillary carcinomas and 
follicular neoplasms while only 20% of Hurthle cell (oncocytic) neoplasms are positive 

(Ordonez, 2000). Insular or poorly differentiated carcinomas are typically positive while 
anaplastic carcinomas are typically negative (Bejarano et al, 2000). 

A variety of other markers including CA15-3, CA19-9, CA125, lactoferrin, leu 7 (CD57), HBME1, 
and CD15, have been studied in the thyroid gland with respect to their potential in 
distinguishing benign and malignant lesions. CA15-3 is present in 100% of papillary 
carcinomas while CA19-9 has been reported in 70% of papillary carcinomas but in no cases of 
follicular carcinoma (Gatalica and Miettinen, 1994). CA125 has been reported in approximately 
40% of papillary carcinomas (Keen et al, 1999). Asato de Camargo et al (1996) have proposed 
that lactoferrin is useful in the distinction of malignant from benign lesions in 
cytological smears. In tissue sections, leu 7 (CD57) has been reported to be strongly 
expressed in follicular and papillary carcinomas (Ghali et al, 1992); however, studies of 
cytological specimens have demonstrated reactivity both in benign and malignant lesions 
(Ostrowski et al, 1995). HBME1 has also been utilized to distinguish benign and malignant 
thyroid lesions. In aspirated material, HBME1 was present in 5 of 7 (72%) of papillary 
carcinomas, 1 of 1 follicular carcinoma and 1 of 1 anaplastic carcinoma (Sack et al, 1997). In 
contrast, there was no staining of 5 follicular adenomas/hyperplastic nodules, 3 Hurthle cell 
adenomas, 1 nodular goiter, and 1 case of chronic thyroiditis. In histologic sections, 100% of 
carcinomas were positive while 3 of 5 adenomas exhibited some reactivity. In benign lesions, 
the staining was weak and focal. These findings suggest that positive staining for HBME1 
can be a valuable adjunct in the cytological diagnosis of malignancy; however, a positive 
result does not guarantee that the lesion is malignant. CD15 is present in approximately 30% of 
papillary carcinomas and the studies of Schroder et al (1987) indicate that the presence of this 
marker is more likely to occur at advanced stages of the tumor. 
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Figure 45-22 Anaplastic thyroid carcinoma. A Diff-Quik stain of ThinPrep. B. 
Immunoperoxidase stain for cytokeratins (AE1/AE3) demonstrates faint cytoplasmic 
positivity in ThinPrep. 



An antibody panel consisting of HBME1, CA19-9 and CD15 has been used as an adjunct to 
the diagnosis of papillary carcinoma of the thyroid. These studies have demonstrated that 
HBME1 is a sensitive marker of papillary carcinoma; however, CD15 and CA19-9 are less 
sensitive but more specific (van Hoeven et al, 1998). CD44 has been studied in cytological 
samples as a marker for papillary carcinoma (Ross et al, 1996). Chhieng et al (1997) have 
demonstrated that CD44 is expressed in a membranous pattern in papillary carcinomas 
while nonpapillary carcinomas and benign lesions are often negative. Galectin-3 has been 
shown not to be useful in the diagnosis of thyroid carcinoma (Mehrotra et al, 2004). 

Steroid receptors are variably expressed in thyroid tumors. Bur and associates (1993) 
have demonstrated estrogen receptor positivity in 21% of papillary carcinomas but follicular 
and Hurthle cell tumors were negative. Progesterone receptor was present in 33% of 
papillary carcinomas, 40% of 
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follicular tumors (adenomas and carcinomas), and 53% of Hurthle cell tumors. There was no 
significant association between steroid hormone positivity and age, gender, or clinical course. 

The ret oncogene protein has been demonstrated by immunochemistry, both in papillary 
carcinomas and in a subset of hyalinizing trabecular adenomas (Tallini et al, 1998; Papotti et al, 

2000). In a comparative study of cytokeratin 19, ret and HMBE1, Cheung et al (2001) 
demonstrated that all cases of nodular hyperplasia and follicular adenoma were negative for 
HMBE1 and ret, but some of these cases exhibited focal CK19 immunoreactivity, particularly in 
areas of degenerative change. Approximately 50% of follicular and anaplastic carcinomas were 
HBME1 positive but none was positive for ret or CK19. Overall, 20% of the papillary 
carcinomas were positive for all three markers. Papillary carcinomas of the classic type were 
positive for ret (78%), HBME1 (70%), and CK19 (80%). Cases of the follicular variant of 
papillary carcinomas were positive for HBME1 in 45% of cases, for CK19 in 57% and ret 63%. 

Insular carcinomas were positive for HBME1 (67%), ret (50%), and CK19 (50%). Hurthle cell 
carcinomas were positive for HBME1 (29%), CK19 (29%), and ret (57%). 

Medullary carcinomas are positive for cytokeratins and most often exhibit reactivity for 
calcitonin, chromogranin and other markers of neuroendocrine differentiation (De-Lellis 
and Wolfe, 1981; Collins et al, 1995) (Fig. 45-23). These tumors may also contain a variety of 
other peptides, including somatostatin- and gastrin-releasing peptides. CEA is typically 
strongly expressed in medullary carcinomas and this marker is often positive in those 
tumors that have lost the ability to produce calcitonin (Dasovic-Knezevic et al, 1989). Almost 
90% of medullary carcinomas are TTF1 positive (Bejarano et al, 2000). The rare examples of 
mixed C cell and follicular/papillary carcinomas stain positively for calcitonin and thyroglobulin 
(Holm et al, 1986; Volante et al, 1999). 
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Figure 45-23 Medullary thyroid carcinoma, a spindle cell type. A Diff-Quik stain of 
ThinPrep. B. Immunoperoxidase stain for calcitonin in ThinPrep demonstrates strong 
cytoplasmic positivity. C. Histological section of resected medullary thyroid carcinoma. 



Normal and neoplastic parathyroid tissue is typically positive for chromogranin and 
parathyroid hormone (PTH) in contrast to thyroid follicular cells which are negative for 
both of these markers. Normal C cells and medullary thyroid carcinomas are positive for 
chromogranin but also exhibit positivity for calcitonin and the calcitonin gene-related peptide. 

Adrenal Glands 

Tumors of the adrenal cortex most commonly have a vimentin positive and cytokeratin 
negative phenotype (Table 45-6) (Gaffey et al, 1992). However, some cortical tumors may be 
positive for cytokeratins, particularly following antigen retrieval. Cortical neoplasms may also be 
identified on the basis of expression of enzymes involved in steroidogenesis, but 
antibodies to these enzymes are not generally available. The monoclonal antibody Dll 
recognizes several 59 kD proteins that are capable of binding 
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apolipoprotein E. Reactivity for Dll has a nuclear distribution in adrenal cortical cells; however, 
the antibody also stains the cytoplasm of a variety of other tumor types (Schroeder et al, 1990; 

Tartour et al, 1993). The nuclear adrenal 4 binding protein (Ad4BP) is a transcription factor 
that regulates steroidogenic cytochrome P450 gene expression. Antibodies to Ad4BP typically 
produce nuclear staining. Adrenal cortical tumors are typically positive for Ad4BP while other 
tumor types are negative (Sasano et al, 1995). 



TABLE 45-6 IMMUNOCHEMISTRY OF ADRENAL CORTICAL TUMORS 

Positive Markers 

A103 (Melan A) 

Dll 

Ad4BP 

Inhibin 

Vimentin 

Synaptophysin 

Calretinin 

Cytokeratins (focal) 

Negative Markers 

Blood group antigens 
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Epithelial membrane antigen 



The monoclonal antibody A103, which reacts with the melanocyte specific antigen, 
MelanA, is a particularly useful marker for the identification of steroid-producing cells 

(Chen et al, 1996; Busam et al, 1998; Jungbluth et al, 1998) (Fig. 45-24A). The immunoreactive 
moiety recognized by A103 in adrenal cortical and other steroid-producing ceils is most likely 
due to a cross-reacting antigen that is genetically different than Melan A The A103 antibody 
is particularly useful to distinguish normal adrenal cortex and cortical neoplasms from 
metastatic carcinomas in fine needle samples (Shin et al, 2000) (Fig. 45-24B). Antibodies 
to inhibin Aare also useful for the identification of adrenal cortical cells. Renshawand 
Granter (1998) have compared the reactivities of A103 and inhibin Ain a series of adrenal 
cortical neoplasms, renal cell tumors and hepatocellular carcinomas. They concluded that Al 03 
was marginally more specific and that inhibin Awas slightly more sensitive for the identification 
of cortical cells. Calretinin is also commonly expressed in cortical tumors (Zhang et al, 2003). 



Figure 45-24 A Cell block of needle aspirate of adrenal cortical carcinoma stained for 
Melan A(A103) shows strong staining of individual tumor cells. B. Cell block of needle 
aspirate of metastatic bronchogenic squamous involving the adrenal gland stained for 
cytokeratins. Despite the extensive necrosis, positive staining for cytokeratins is present. 
(A x25, B: *40.) 



Occasional cortical tumors may show evidence of neuroendocrine differentiation, as 

manifested by positive staining for neurofilament proteins, neuron specific enolase and 
synaptophysin (Komminoth et al, 1995). Chromogranin immunoreactivity, however, is typically 
absent. 

Tumors of the adrenal medulla, including pheochromocytomas and neuroblastomas, 
contain neurofilaments and vimentin as their major intermediate filaments. The most useful 
markers for neoplastic medullary cells include chromogranins, neuron specific enolase 
and synaptophysin, as discussed in a previous section. It should be remembered, however, 
that neuron specific enolase and synaptophysin may be present in neoplastic cortical cells as 
well. Antibodies to catecholamine-synthesizing enzymes may also be of value in selected 
cases. The sustentacular cells of pheochromocytomas can be demonstrated 
selectively with antibodies to S100 protein. 

PROGNOSTIC MARKERS 

Although the emphasis in this chapter has been on the utilization of antibodies for specific 
diagnostic purposes, there are also applications of this technology for prognostic assessment 
of different tumor types. For example, current immunotherapy 



regimens utilizing gp-100 (HMB45) and the melanoma antigen recognized by T cells 
(MART) depend on the presence of these antigens in fine needle aspirates of metastatic 
lesions (Abati et al, 1998). Cormier et al (1998) reported a case in which a patient with 
melanoma experienced rapid tumor progression in association with loss of either melanoma- 
associated antigens or HLA expression. 

Assessment of proliferative activity also provides important prognostic information and has 
been used in some instances to differentiate low-grade and high-grade carcinomas of the 
breast and a variety of other sites (Cohen et al, 1993; Pelosi et al, 1994; Boon et al, 1996; 
Bozzetti et al, 1997; Saleh et al, 1999). Proliferation markers that have been used most 
extensively in immunochemical formats include the proliferating cell nuclear antigen (PCNA) 
and Ki-67. PCNA is an auxiliary protein of DNA polymerase delta. Immunoreactive PCNA 
increases in late Gi, peaks in the S-phase and decreases through the G2 phase, 




B 
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reaching undetectable levels in the M-phase and in Go. The MIB1 antibody is raised to a 
recombinant portion of Ki-67, a human nuclear antigen, present in cycling but not resting cells. 

Most recent studies of proliferative activity have utilized the MIB1 monoclonal antibody which 
produces distinct nuclear immunoreactivity. In the protocol reported by Suthipintawong et al 
(1997), freshly made smears were air dried for 20 minutes to 14 hours at 22°C before fixation in 
buffered formalin for 2 to 14 hours. Immunostains were performed after microwave antigen 
retrieval. In general, there was an excellent correlation between the results obtained with 
smears and tissue sections. 

p27 (kinase inhibitor protein [kip] 1) is a cyclin-dependent kinase inhibitor which blocks 
the cell cycle by binding the cyclin ECdk2 complex. Many normal tissues and benign tumors 
have nuclear levels of p27 which can be visualized in immunochemical formats while reduced 
expression of p27 in tumors has been correlated with a poor clinical outcome. In a 
study of mesotheliomas, Beer et al (2001 ) reported that tumors with low p27 expression 
(<53% positive cells) had a worse prognosis than those with high p27 expression (>53% 
positive cells). Apoptotic cells have also been detected effectively in cytological preparations 
utilizing TdT-mediated deoxyuridine triphosphate (dUTP)-biotin nick end labeling (TUNEL 
reaction) (Sasano et al, 1998). Smears that were fixed with 4% or 8% paraformaldehyde or 
absolute methanol gave results that were comparable to these obtained in tissue sections while 
cells fixed in Carnoy's fluid or air dried gave higher background. Another approach for the 
identification of apoptotic cells involves the use of annexin V which binds in a calcium 
dependent manner to exposed phosphatidylserine (Barrett et al, 2001 ). The use of this method 
is based on the fact that when cells undergo apoptosis, phosphatidylserine (normally 
sequestered on the cytoplasmic face of the plasma membrane) appears on the exterior of the 
cell where it can bind to labeled annexin V. However, only a minority of apoptotic cells label with 
annexin V before the final lysis of cells at the end of apoptosis. Of greater promise is the use of 
assays for caspase substrate cleavage products and, in particular, the demonstration of 
cleaved cytokeratin 18. Although this approach has been used successfully in cell culture, 
preliminary results indicate that it may be useful in archival, paraffin-embedded samples (Barrett 
et al, 2001 ). This issue is discussed at length in Chapter 47. 

Steroid receptors, including those for estrogen (ER), progesterone (PR), and androgen (AR), 
represent another important class of prognostic markers (see Figs. 45-14 and 45-15). The 
results of a number of studies have demonstrated that the immunochemical approach for the 
demonstration of ER and PR is highly sensitive and specific. Moreover, additional studies have 
demonstrated an excellent correlation between traditional dextran charcoal-based 
methods and immunochemistry. Immunocytochemical methods for ER and PR are readily 
adaptable to cytological materials including fine needle aspirates, touch imprints, malignant 
effusions, cytospins, and ThinPreps (Masood, 1992, 1994; Hudock et al, 1996; Abati et al, 

1998; Tabbara et al, 1998). Suthipintawong et al (1997) have found that air dried smears, fixed 
in 10% buffered formalin and subsequently subjected to microwave induced antigen retrieval, 
provide reproducible conditions for the demonstration of ER and PR. Tabbara et al (1998) have 
demonstrated that estrogen and progesterone receptor are preserved both in stored ThinPreps 
and newly prepared ThinPreps of mammary tumor cells over a 56-day storage period. The 
ability to perform ER and PR in cytological preparations is particularly valuable for patient 
management issues, including patients who require preoperative chemotherapy, in cases of 
recurrent or metastatic breast cancer, and in cases in which breast cancer is considered in the 
differential diagnosis. 

Avariety of oncogene and tumor suppressor gene products have been demonstrated in 
cytological preparations. Her2/neu is a proto-oncogene which encodes a 158-kD 
transmembrane protein that shares homology with epidermal growth factor (see Fig. 45-14). 

Overexpression of Her2/neu in breast cancer is associated with a poorer prognosis than tumors 
which are Her2/neu negative. The presence of Her2/neu is also used to determine whether 
patients qualify for treatment with a monoclonal antibody to Her2/neu (Herceptin). Her2/neu 
has been demonstrated in a variety of cytologic preparations and in slides previously stained by 
the Papanicolaou procedure with excellent correlation of the staining results with those 
obtained in formalin-fixed, paraffin-embedded materials (Corkill and Katz, 1994; Martin and 
Davey, 1996; Suthipintawong et al, 1997; Troncone et al, 1996). The reaction of Her2/neu is 
considered positive when the stain is present in a rim-like pattern corresponding to the 
plasma membrane. Cytoplasmic staining alone is considered negative. Air-dried smears, 
subsequently fixed in 10% buffered formalin, also provide good results (Suthipintawong et al, 

1997). 

p53 is a tumor suppressor gene located in the short area of chromosome 17. Numerous 
studies have demonstrated that p53 is the most frequently mutated gene in human cancer (see 
Chap. 3). The wild type of the p53 protein has a very short half life and is generally not 
demonstrable immunochemically. The mutated form of the p53 protein, on the other hand, is 
stabilized in tumor cells and 
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can be demonstrated both in histological and cytological preparations (see Fig. 45-20). 

Staining for p53 is considered positive when immunoreactivity is present within the 
nucleus. Immunochemical staining for p53 has been performed on a variety of cytological 
preparations, including cell blocks, direct smears and fine needle aspirates (Bartek et al, 1991 ; 
Connelly et al, 1992; Bruner et al, 1993; Pelosi et al, 1994; Colecchia et al, 1995; Alexiev et al, 

1996; loakim-Liossi et al, 1997, 1998; Lee et al, 1997; Athanassiadou et al, 1998; Saleh et al, 

1998; Sato et al, 1998). In general, the result obtained in histological materials provided similar 
results to those obtained in cytological samples (Colecchia et al, 1995; loakim-Liossi et al, 

1998). p53 immunostaining of effusions (see Chap. 26) has been demonstrated to be of 
value in identifying carcinoma cells, particularly in those areas with inconclusive or bland 
cytological features (Saleh et al, 1998). 

NUCLEOLAR ORGANIZER REGIONS (NORs) 

Although not representing an immunochemical method, techniques for the analysis of nucleolar 
organizer regions (NORs) are an important adjunctive cytological technique. The number of 
AgNORs generally correlates with proliferative activity (see Chap. 7). The NORs, which are 
loops composed of nonhistone proteins and DNA, have an affinity for colloidal silver 
(Ag). NORs in tissue sections and imprint preparations appear as black dots; however, 
enumeration of AgNORs is difficult, and generally all silver positive dots, both within and outside 
the nucleoli, are counted using an oil immersion lens. Numerous studies have been published 
regarding the value of AgNORs as an adjunct to tumor grading and prognostic assessment. 

Malignant cells often demonstrate dispersed AgNORs throughout the nucleus and in 
association with multiple nucleoli which contain clustered AgNORs. Benign cells tend to have a 
regular nucleolus with tightly clustered Ag-NORs. 

Studies of AgNORs in paraffin-embedded sections show discrepancies due to the difficulty of 
counting AgNORs in sectioned material, at least in part related to variations in tissue fixation 
and section thickness. This technique has also been applied to cytologic preparations which 
are considerably easier to quantitate (Crocker and Paramjit, 1987; Crocker et al, 1989; Cardillo, 

1992; Sujathan et al, 1996; Chem et al, 1997; Mahovlic et al, 1999). In comparative studies 
of paraffin-embedded and imprint preparations of bladder cancer, the mean AgNOR 
count was higher in imprints and showed a much better correlation with nuclear grade. 

Imprints have also been used for the evaluation of AgNORs in lymphomas and breast 
carcinomas. 

MOLECULAR APPROACHES 

The principles of the molecular biologic techniques are discussed in Chapter 3. Molecular 
technologies are being used with increasing frequency in many areas of diagnostic 
cytopathology and in an ever-expanding series of research applications utilizing cytological 
samples. To date, many of these applications have been focused on human papillomavirus (see 
Chap. 11). Additional applications utilize polymerase chain reaction (PCR)-based detection of 
clonality in hematological and non-hematological malignancies, PCR based detection of 
translocations and rearrangements in solid tumors, detection of single base mutations or 
polymorphisms and assays for loss of heterozygosity of tumor suppressor genes (Rimm, 2000). 

For example, Cheung et al (2001) have successfully utilized thyroid aspirates collected in 
Cytolyt for a reverse transcriptase (RT) PCR study of ret/PTC rearrangements. The results of 
this study demonstrate that RT-PCR for ret/PTC is a specific marker for papillary thyroid 
carcinoma and that this approach can be applied successfully to aspirated samples. 

In situ hybridization techniques combine molecular and histochemical approaches and offer 
a powerful method for the detection and localization of DNA and RNAat the cellular level 
(DeLellis and Wolfe, 1991; Hofleretal, 1993; Jin et al, 2001). These methods are derived from 
Southern and Northern blotting procedures and are complementary to these techniques (see 
Chap. 4). In contrast to immunocytochemistry which is dependent on the reaction of antibody 
and antigen, in situ hybridization analyses offer the possibility of identifying cells on the basis 
of a specific hybridization reaction with a labeled probe and its complementary 
intracellular target DNA or RNA. These technologies are particularly useful for the 
identification of specific chromosomal abnormalities and for localization of foreign DNAand 
RNA from viruses and other organisms. The major advantage of in situ hybridization approach 
is its specificity in identifying individual abnormal cells in a mixed cell population and its 
sensitivity for detection of low copy gene expression in single cells and chromosomes (Jin et al, 

2001 ). 

Both unfixed and fixed tissues and cell preparations have been used successfully for in situ 
hybridization studies. Four percent paraformaldehyde has been considered the fixative 
of choice. Pretreatment of preparations with proteases is essential to permit access of the 
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probe with the target nucleic acid (Jin et al, 2001). Cytocentrifuged specimens, as well as other 
types of cytological preparations, including direct smears, have also been used for in situ 
hybridization analyses (DeLellis and Wolfe, 1991). 

Numerous probes have been developed for these analyses. These include nick- 
translated, double stranded or randomly primed DNA, synthetic single stranded oligonucleotides 
(30-50 bases), and single stranded printed antisense (complementary) RNA probes. The choice 
of a particular probe depends on multiple factors including sensitivity and specificity, ease of 
penetration and stability of the resultant hybrids. For the analysis of messenger RNA, cRNA 
probes offer a number of advantages, including high hybridization efficiencies, constant probe 
size, lack of back hybridization, and the ability to reduce background by treatment of sections 
with RNAse in order to remove nonhybridized single stranded RNA. Moreover, RNA-RNA 
hybrids are more stable than DNA-DNAor DNA-RNA hybrids. 
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Arecent important application of this technology in diagnostic cytology is the development of an 
in situ hybridization kit for detection of high risk human papillomavirus in cervical preparations 
(Inform HPV, Ventana Medical Systems, Tucson, AZ). Conceptually, similar to the Hybrid 
Capture 2 (HC2) system, which is described and illustrated in Chapter 11, the Inform HPV 
Family 16 cocktails cover virus types 16, 18, 31, 33, 35, 39, 51, 52, 56, 58, and 66 (Hesselink et 
al, 2004; Castle et al, 2004). The Inform HPV has not received widespread use as of the time of 
this writing. 

In the past, probes have been labeled primarily with radioactive markers, such as 3H, S^, 

1^25 and ^P. Although tritium (3H) produces the highest degree of resolution, exposure times 
are quite long, thereby limiting usefulness of these probes for clinical samples. More recently, 

nonradioactive probes labeled with biotin, digoxegenin, fluorescein, enzymes or 
bromodeoxyuridine have begun to replace radioactive probes for clinical samples. An 

additional approach for signal detection includes the use of catalyzed reporter deposition 
(CARD) utilizing labeled tyramide for signal amplification (Frater and Tubbs, 2001 ). 

The results of in situ hybridization can be influenced by a large number of variables which must 
be vigorously controlled if reliable and reproducible results are to be obtained. As a rule, 
correlative molecular studies should be performed in order to validate results. Protocols, 
combining in situ hybridization with the polymerase chain reaction, have also been developed 
by many investigators, but these approaches must be rigorously controlled to avoid false 
positive reactions (Komminoth et al, 1992; Hofler, 1993; Nuovo, 1997). 

Fluorescence in situ hybridization (FISH) is a powerful technology which permits the 
localization of a particular DNA sequence to a specific chromosome or chromosomal region 
(Kontogeorgos et al, 2001 ; Sheldon, 2001 ). FISH depends on the formation of a hybrid 
between a fluorescently-labeled DNA probe and its target chromosomal DNA. The 
methodology involves denaturation of the probe and target sequences, reannealing of the 
probe and target and visualization of the resultant hybrid by fluorescence microscopy (see 
Chap. 4). Posthybridization washes of high stringency result in the removal of any unbound 
probe. Formalin can be used for fixation, but the best results are generally obtained with 
methanol/glacial acetic acid (Carnoy's solution) or acetone. The specific methodological details 
are discussed elsewhere. 

Applications of this technique include gene mapping and the demonstration of gene 
amplifications, deletions, translocations and numerical chromosomal aberrations (Wolman, 

1997). Alpha-satellite centromeric, beta-satellite centromeric, and classical satellite probes, 
specific for tandem repeats of DNAsequences of individual chromosomes, are particularly 
useful for the detection of copy number aberrations in interphase nuclei. Painting probes 
provide sequences that can identify entire chromosomes (see Chap. 2). Such probes are 
of particular value for identifying chromosomes that carry complex translocations not involving 
the centromere. They are also of value for the analysis of translocations for which a specific 
probe is not yet available. Sequence specific cosmid probes are of value for the detection of 
marker chromosomes, other structural aberrations, translocations and complex rearrangements 
and are also used for the demonstration of amplifications and deletions. 

The relatively easy to perform technique of FISH has found several applications in diagnostic 
cytology. The initial application was the diagnosis of cancer in urinary sediment (Sokolova et 
al, 2000; Veeramachanemi et al, 2003). The system Uro\fysion (Vysis, Downers Grove, IL) is 
described and illustrated in Chapter 23. Numerous reports of FISH application to effusions 
are summarized in Chapters 25 and 26. In situ hybridization kit LA\fysion (\fysis, Downers 
Grove, IL) for the diagnosis of bronchogenic carcinoma has also been tested with interesting 
results (Sokolova, 2002). This kit, supplemented by two in-house produced additional probes, 
has been reported as a possible tool of lung cancer detection (Barkan et al, 2005). 

Comparative genomic hybridization (CGH) is a modified in situ hybridization technique 
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which permits the detection and mapping of DNA sequence copy differences (gains and losses) 
in a single assay (Kalloniemi et al, 1992). Genomic DNA derived from normal lymphocytes 
and tumor, differentially labeled with different fluorochromes (fluorescein isothiocyanate 
and Texas red) and Cot-1 DNA (to suppress cross hybridization of repetitive sequences), are 
denatured and hybridized to denatured metaphase spreads of normal lymphocytes. Following 
posthybridization washes, digitized three color images prepared from hybridized metaphase 
spreads, are processed with an image analyzer designed for karyotypic analysis. The system, 
which is based on analysis of the fluorescence Intensity ratio between red and green 
signals and comparison with that of simultaneously hybridized normal DNA in the same 
spreads, automatically reports gains and losses (Lichter et al, 2000; Tachdjian et al, 2000). The 
display generates ideograms with vertical bars indicating losses and gains of the corresponding 
chromosomal regions for each chromosome (see Chap. 4). CGH can be combined with DNA 
microarrays in a procedure known as matrix CGH. 

Microarray technology has emerged recently as a high throughput approach for analysis of 
genes and patterns of gene expression. Tissue microarrays are assembled by taking core 
samples from pre-existing paraffin blocks and reembedding them in an arrayed master block, as 
described originally by Konomen et al (1998). Hundreds of samples can then be analyzed by 
immunochemistry or in situ hybridization. With the Beecher instrument, each sample is 0.6 mm 
in diameter and up to 600 samples can be arrayed on a single slide (Fig. 45-25). Apotential 
limitation of this approach is the relatively small tissue volume represented in each core. In 
order to validate the use of this approach for immunophenotyping, Hoos et al (2001 ) studied a 
group of 59 fibroblastic tumors by immunochemistry for Ki-67, p53, and the retinoblastoma 
protein (pRB) and demonstrated that triplicate cores provide a higher rate of assessable 
cases and a lower rate of nonconcordant readings than one or two cores. Concordance 
between full sections and triplicate cores was high (96%-98%) for two category distinctions 
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(positive or negative for Ki-67 and p53) and decreased to 91% for three category distinctions 
(high, moderate, or negative for pRB). Tissue microarrays provide a number of advantages 
when used in immunochemical formats. Firstly, a small amount of antibody can be used for 
the analysis of hundreds of samples. Secondly, minor variations in antigen retrieval can be 
essentially eliminated because all samples will be exposed to exactly the same retrieval 
conditions. Finally, slight variations in antibody concentrations, incubation times and washing 
steps will be essentially identical for all samples. To date, there are relatively few applications 
in cytopathology ; however, this approach holds a great deal of promise for the analysis of 
patterns of protein expression in effusions and other types of cytological specimens 
(Rimm, 2001). 




Figure 45-25 Tissue microarray for colorectal carcinoma. From each specimen (i.e., 
regular tissue block), triplicate tissue cores with a diameter of 0.6 mm were punched and 
arrayed on a recipient block (the array block). Normal tissue blocks were also used to 
construct the array block. Five microns sections from the array block were cut and used for 
H&E and immunostaining for p53. Left: Overview of the array H&E section. Right: View of 
the H&E and p53 stainings of two tissue cores present in the array. Up to 500 tissue cores 
can be placed on an array without hampering the quality of the array section. (Courtesy of 
Dr. Axel Hoos, Antigenics Inc, New York, NY.) 



DNA microarrays are matrices of thousands of cDNAs or oligonucleotides imprinted on a solid 
support system (Alizadeh et al, 2000; Kurella et al, 2001 ; Okabe et al, 2001 ; Shirota et al, 2001 ; 
Watson et al, 2001). Basically, labeled mRNAfrom the cells of interest are hybridized to 
their corresponding sequence on the array to provide a measure or mRNA abundance in 
the sample. The result of this type of analysis is the expression profile or pattern of gene 
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expression characteristic of the unknown sample. Arrays can now be miniaturized so that 
hundreds of thousands of oligonucleotides can be arrayed on a square centimeter chip. This 
approach is now being used for the characterization of gene expression patterns in a wide 
variety of different tumor types. Data derived from these types of study will undoubtedly lead to 
new systems of tumor classification and therapy based on characteristic molecular fingerprints 
(Hedenfalk, 2001). 
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Digital microscopy provides a numeric representation of diagnostic imagery that offers some 
distinct advantages over conventional visual microscopy. Digital data establish a permanent 
reproducible record that can readily be distributed, archived, communicated and displayed at 
variable magnifications. They are ideally suited for teleconsultation and, as virtual slides, for 
teaching. The numeric representation also provides the basis for quantitative analysis of 
diagnostic images. Quantification introduces a wealth of novel information and concepts. 

How does all of this relate to established diagnostic practice? Knowledge in diagnostic cyto- 
and histopathology is communicated in linguistic terms and concepts. Although these terms are 
fuzzy, they theoretically carry an extraordinary amount of highly specific information. 
Quantification of diagnostic images is not meant to replace visual images or create new 
diagnostic concepts. Rather, the challenge is to express well-proven diagnostic clues and 
concepts in numeric terms. It has become clear, however, that quantification generates a 
body of “digital knowledge” that is uniquely derived from computer processing of digitally 
represented images in cytopathology and histopathology. Developments in information science 
have allowed an objective, quantitative evaluation of these images, which can be expressed in 
understandable linguistic terms and are based on an accumulation of multiple diagnostic clues. 
These methods have led to the development of automated or semiautomated diagnostic 
decision support systems, and to objective standards for diagnosis defined by digital imagery. 
Table 46-1 lists the principal targets of applications of image analysis techniques. Many, but not 
all, of these targets are discussed in this chapter which is dedicated to the description of the 
methods and their principal applications based on simple instrumentation. 



THE DIGITIZED IMAGE 

The microscopic image is formed as a distribution of brightness and darkness in an “image 
plane.” It is a continuous distribution. In video-photometry, this image is projected onto the 
faceplate of a video camera, typically a charge-coupled device (CCD) array. The CCD 
samples the image by its array of sensor elements and the image is now represented 



by an array of discrete points or picture elements called pixels. 
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TABLE 46-1 TARGETS OF DIGITAL IMAGE ANALYSIS OF CELLS AND TISSUES 
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Cells 

Volume 

Mass 

DNA quantification (DNAploidy) 

DNA distribution (chromatin configuration) 

Synthesis or analysis of features for diagnostic purposes 
Immunochemistry quantification 
Immunologic features with labeled antibodies 
Tissues 

Histometry 

Relationship of cells to each other 
Diagnostic analysis 

Telepathology 

Cells and tissues 

Teaching 

Reproducible images of cells and tissues 

Other Uses 

Analysis of DNA and RNA microarrays 

The light energy sensed at each point is recorded in digital form and stored in computer 
memory. 

It is essential to project the microscopic image onto the CCD at an adequate magnification. The 
finest detail that the original image can offer is restricted by features of the objective, such as 
the numerical aperture. The magnification at the faceplate of the CCD should be chosen to 
maintain “useful magnification,” i.e., to preserve the objective's resolving power by the CCD 
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elements. In practice, one would oversample, i.e., have two or more CCD elements covering an 
image region corresponding to the point spread function of the objective. 

Figure 46-1 A shows a digitized image of a human embryonic lung cell, recorded in 1966 at the 
University of Chicago in the study that initiated the taxonomic intracellular analysis system 
(TICAS) project (Wied et al, 1968). The numbers are “pixel optical density values.” Today's 
digitized images are sampled at a spacing approximately 40 * closer, yielding several thousand 
pixels per nucleus (Fig. 46-1 B). Images are recorded in the form of “light intensity values,” 
ranging from 0 to 255, with 0 denoting total darkness and 255 full 100% transmission. It is 
customary to convert the light intensity value image to pixel optical density (OD) values. These 
range from optical density OD = 0, denoting full brightness, to OD = 3.00, indicating a light 
transmission of 1 per 1,000, i.e., very dark. In practice, one multiplies these values by 100 in 
order to store them in memory as integer form. A pixel OD of 0.15 would be stored as 15. 
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Figure 46-1 A. The digitized image of human embryonic lung cell, recorded at 1 micron 
resolution. The numbers are “pixel optical density” values. B. An image of a hematoxylin- 
stained nucleus, recorded at 6 pixels per micron, and enlarged to show the pixelation. 
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Visual Versus Computed Image Information 

Much of the information that can be derived from digitized imagery does not have a visual 
counterpart and provides novel information of potential diagnostic value. The difference 
between visual and computed image information is best demonstrated by a familiar example. 

Figure 46-2 shows a sample of printed text. A reader recognizes letters, words, and even the 
language: all of this is visual information. However, if asked “what is the relative frequency of 
occurrence 

P.1683 

of the vowel ‘o’ compared to that of the vowel ‘e’?”, no immediate answer can be given. Yet, 
these relative frequencies characterize the text and provide an objective, computed descriptive 
feature. One could ask how often is the letter “k” followed by the letter “I,” or how often do two 
consonants follow each other? The pixel optical density values in a digitized image offer exactly 
the same kind of computed descriptive features in their 2-dimensional spatial and statistical 
distribution. 



Litteris Caesaris consulibus redditis aegre ab his impetratum est summa 
tribunorum plebis contentions, ut in senatu recitarentur, ut vero ex litteris ad 
senatum relerretur, impetrari non potuit. Referunt consules de re publica. 
Incitat L. Lentulus consul senatum rei publicae se non detuturum poliicetur, 
si audacter ac (ortiter sententias dicere velint; sin Caesarem respiciant atque 
eius gratiam sequantur, ut superioribus tecerint temponbus, se sibi consilium 
capturum neque senatus auctoritati obtemperaturum: habere se quoque ad 

Caesaris gratiam 
atque amicitiam 
receptum. In eandem 
sententiam loquitur 
Scipio: Pompeio esse 
in animo reipublicae 
non deesse. si senatus 
sequatur; si cunctetur 
atque agat lenius, 
nequiquam eius 
auxilium, si postea 
velit, senatum 
imploraturum. 

Caesar, G.J., De Hello Cirili. Liter 1, 1. H.C. 



Figure 46-2 Demonstration of visual and digital information: written text and computed 
frequency distribution of its vowels. 



t 40 




The potential of digital diagnostic pathology and cytology, though, far exceeds the mere 
statistical/descriptive representation of diagnostic evidence. Through power of variance- 
analytic procedures, the numeric representation allows the detection of subtle but consistently 
expressed differences between and among similar targets. Computational procedures allow 
the detection of diagnostic evidence that is not readily perceived by visual 
examination. Distinctive changes in the chromatin patterns of nuclei of benign cells in the 
presence of premalignant or malignant lesions are one example (Wied et al, 1980; Sherman 
and Koss, 1983; Bibbo et al, 1986; Montag et al, 1989; Bibbo et al, 1990; Palcic et al, 1994; 
MacAulay et al, 1995; Susnik et al, 1995; Bartels et al, 1998). Computer processing here truly 
expanded our ability to provide diagnostic information. 
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In the visual assessment of a malignant tumor, the information offered by the image is 
transformed by a pathologist into a “grade.” The equivalent in machine vision is direct mapping 
of a microscopic image to a numerically defined point on a continuous progression curve that 
may offer additional information beyond grade. 

Quantification of diagnostic images requires accurate and precise data acquisition. 

Image processing is then applied to the acquired data to extract diagnostic information, followed 
by numeric/analytic evaluation and diagnostic interpretation. In practice, one may distinguish 
between the digital assessment of cell images or nuclei, i.e., cytometry and karyometry, and 
the assessment of histopathologic sections, i.e., histometry. Of these, karyometry has proven 
to be particularly informative. 

It is useful to distinguish three steps in the analysis of data: image processing, image 
analysis, and image interpretation. 

In image processing, an algorithm that may be useful in subsequent extraction of diagnostic 
information is applied to the image. For example, a pixel optical density value threshold may be 
established, or a contrast-enhancing processing algorithm may be applied to define the targets 
of the study. In image processing, the input and the output are both represented by images. 

In image analysis, specific diagnostic information is extracted from the image. Here, the first 
step is usually scene segmentation to delineate objects of interest; for example, the outline of a 
nucleus. While the input in image analysis is an image, the output is a set of “features” 

— numeric values which characterize the sample and which contain diagnostic 
information. 

In image interpretation, the measures obtained from image analysis are evaluated by a 
mathematic/analytic process in order to assign a diagnostic label; for example, a cell may be 
classified as either normal or abnormal. The diagnostic label may also be a grade or a numeric 
value of a progression index established for a lesion or set of lesions. 

Quantification of diagnostic image assessment involves methodologies derived from a wide 
range of scientific disciplines. It is the objective of this chapter to present an introduction to 
these methodologies and their theoretical bases and to illustrate each with practical examples. 

SCENE SEGMENTATION 

Procedures and Strategies 

Scene segmentation is a crucial first step in quantitative image analysis (Abele et al, 1977; 
Weszka, 1978; Brenner et al, 1981; Juetting et al, 1983; Abmayr et al, 1987; Bartels and 
Thompson, 1994; Thompson et al, 1995). Any error in the delineation of objects propagates to 
the values used to define diagnostic features. For example, incorrect outline of a nuclear 
boundary is the principal cause for “false alarms” in automated screening for cervical cancer. 

The problems with scene segmentation depend on the target. Under ideal circumstances, the 
microscopic image is based on a monolayer of single cells against a clean background, free of 
debris. At the other extreme, scene segmentation has to deal with complex imagery such as is 
seen in histologic sections of glands. 

There are two distinctly different approaches to scene segmentation. The first is image- 
oriented. Here, the image in its entirety is processed by a segmentation algorithm. All objects in 
the scene are segmented by the same procedure. 
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The second approach is object-oriented. First, a search for “objects” is conducted, usually by 
applying an image processing algorithm, such as threshold-setting to the image. Then, each 
recognized object is outlined by a chaincode (see below) and stored (Freeman, 1961). Next, 
each of the stored objects is categorized and processed by a suitable segmentation algorithm. 

The object-oriented approach thus employs a flexible strategy, where different objects in the 
scene may be segmented by different procedures. 

The image-oriented approach has the advantage of simplicity and speed. However, the 
selected algorithm may work well on some targets but fail with others. The object-oriented 
approach has a much higher software requirement and may be somewhat slower, but can 
better handle complex imagery. The result in both approaches is an outline of objects of 
interest, usually represented as a chaincode. 

A chaincode is a list of values that begins with an x,y image coordinate for the first or start- 
pixel in the display, followed by a set of directions to the next pixel, etc. until the code returns to 
the start-pixel. One may define “the next pixel” depending on the system used. The definition is 
important because the approach to the pixelation of a small object may affect features such as 
perimeter length, object roundness, and object area (Bartels and Thompson, 1994; Neal et al, 

1998). 

Many segmentation algorithms are available. There are algorithms strictly based on the 
optical density of the object or pixel optical density thresholding. These may be used 
interactively by an observer who may adjust the threshold 

P.1684 

up and down until an object's outline agrees with the visual boundary. However, a fixed 
threshold may interfere with or “bleed” into the interior of the object to be outlined, as shown in 
Figure 46- 3A, or be diverted from the desired outline by image background, as seen in Figure 
46-3B. Simple thresholding frequently requires interactive corrections. Athreshold may also be 
calculated using a histogram of pixel OD values by selecting a point of separation of two image 
regions. Various algorithms have been introduced to determine the differences in pixel OD value 
between an object and its background. Variations on these themes are algorithms that minimize 
some function to track the best boundary separating different objects in an image (Lester et al, 

1978). 



A B 




Figure 46-3 A. Segmentation by pixel OD thresholding. There is a risk of the threshold 
“bleeding” into the interior of the object. B. Failure of the segmentation algorithm to adhere 
to the object contour. 
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When objects touch or overlap, one may employ a “shrink and blow” algorithm (Fig. 46-4). 
Here, as the pixel OD value threshold is gradually increased, an indentation appears between 
two overlapping objects. The indentation deepens with the increasing threshold until the objects 
are finally separated. The algorithm then defines a segmentation line between them and 
expands the two new objects to the contours of the original single object. The sequence of 
processing is shown in Figure 46-5A — E. Similar algorithms find cusps — sharp concavities in 
the outline enclosing two touching objects. The algorithm determines which two cusps best 
correspond to each other and positions a segmentation line accordingly. One may segment an 
image by enclosing or outlining areas of particular color hue. 




Figure 46-4 Finding of a segmentation line by a “shrink-and blow” algorithm. 



Of particular value are processing sequences based on mathematic morphologic image 
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processing operations (Serra, 1983; Dougherty, 1992; Soille, 1998). Such operations allow 
all objects below a certain size to be eliminated, and the outlines of other objects to be 
corrected by smoothing and in-fill. The processing sequence developed by Juetting et al (1983) 
for the quantitative evaluation of thyroid follicles in fine needle aspirates are a good example, as 
shown in Figure 46-5A-E. The original image of a follicle is transformed into a histogram of pixel 
OD values. Athreshold is set to outline nuclei. The resulting image is transformed to binary 
form. An erosion is performed to eliminate small particles of cellular debris and to correct small 
protuberances on the nuclear boundaries. By definition, a follicle includes a center or an interior 
region. Asearch for such interior regions is conducted within the thresholded image. The 
original binary image is segmented. Only the nuclei bordering the interior region are retained 
and stored as “follicle” for further analysis. 

All these algorithms have a high success rate, but rarely does one single algorithm 
segment all objects correctly. An interactive correction is then required. This may be feasible 
when the number of objects is modest. For large images, however, full automation is mandatory, 
and the demanding requirements for a machine vision system have to be satisfied. 

P.1685 

The problem of scene segmentation in cytologic preparations proved to be one of the 
most challenging tasks in designing automated primary screening devices for cervical 
cancer. It is encountered with equal degree of difficulty in karyometry in histopathologic 
sections. Representative regions of a lesion may extend over several square millimeters. Using 
objectives with high numerical aperture, this translates directly into hundreds of video frames 
corresponding to the number of visual fields. Interactive correction of segmentation is no longer 
practical. 
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Figure 46-5 Processing of a scene by mathematical-morphologic operations. In A, the 
binary image of a thyroid follicle is shown. Note small debris is shown. B. The image after 
erosion, to remove small debris and smooth the nuclear outlines. C,D. The search for the 
interior region of the follicle. In E, only the nuclei forming the follicle are retained and 
segmentation lines are shown. 



Histometric analysis increases the degree of difficulty. One is no longer dealing with a 
processing task that is concerned with separate, well defined objects, such as nuclei. Instead, 
the histologic section is composed of adjacent components that represent a variety of 
structures. Processing steps to find a segmentation line for one component may adversely 
affect correct segmentation for other structures. The entire scene is combined or “coupled” in 
its processing requirements. Scene segmentation for histopathologic sections has finally 
become tractable by the development of knowledge-guided procedures (Liedtke et al, 
1987; Thompson et al, 1993, 1995, 1996). In a knowledge-guided process, information, not 
offered by the image itself, is used to control the scene segmentation. This principle was first 
employed by Liedtke et al (1987) in the segmentation of cervical cytologic materials. 
Knowledge-guided process control now has been applied to the automated segmentation of 
prostate lesions, colonic tissues, and breast lesions (Anderson et al, 1997). 

Megapixel Arrays 

The first task faced in an automated analysis of histopathologic sections is the recording of the 
very large pixel arrays required to capture an entire diagnostically representative region (Bartels 
et al, 1995; Bartels et al, 1997; Ott, 1997). 

For the recording of histopathologic imagery a wide field objective * 25 with a numerical 
aperture of 0.75 is a good choice. Such an objective typically covers a field of 750 microns in 
diameter, or a square image tile of around 500 microns in side length. For image sampling, the 
diffraction limit of the objective must be matched with the CCD elements of the video camera. 
Some oversampling must be allowed. This determines the choice of the relay optics (Hansen, 

1 986; Bartels, 1 990; Baak, 1991). For a 5 * 5 mm region of a histopathologic section, this 
system generates 100 video frames, or an image array of 100 megapixels. Within such an 
array, processing and analysis of histologic structures are no longer limited by the optical 
image, though the seamless merging of the 100 image tiles is difficult. Two major difficulties 
must be controlled. First, the orientation of the CCD array and the direction of travel of the 
computer-controlled microscope stage must be aligned with great precision and rigidly 
maintained. Even so, some software adjustment during tile merging is usually required. Second, 
seamless joining of tiles should occur even when the merge line intersects a nucleus. These 
goals can be achieved by cross-correlation procedures allowing for a region of overlap 
(Thompson et al, 2001). Figure 46-6 shows a 100 megapixel array for a prostatic carcinoma. 
Images such as this are recorded at full resolution and then pixel averaged for display at 
different magnifications. Such images may be instantly recalled. Figure 46-7 shows a nucleus 
dissected by the merge line. 
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Figure 46-6 Multimegapixel array of a digitized section of prostatic carcinoma. The image 
is stored at full resolution, and may be recalled for any location and at any wanted 
reduction for display. 



Knowledge-Guided Scene Segmentation 

Knowledge-guided scene segmentation provides the means for autonomous processing of 
imagery from a specific visual target. The knowledge-guided system should be able to 
segment any scene from the target in a fully automated fashion and without errors. 

The principal difference between visual perception of a 
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microscopic image and the information evaluation by a machine vision system is that 
human vision perceives the entire scene simultaneously. Every object and structure is revealed 
in their relative position. A machine vision system acquires the data sequentially. It is “pixel- 
bound” in processing of the image, i.e., tied to the pixel currently being processed and its 
immediate neighbors. Human image assessment is supported by information not offered by the 
image itself, such as the professional experience of a diagnostician, knowledge of anatomy, 
histology, pathology, and knowledge of the relationships between structure and function. If one 
expects a machine vision system to perform at a comparable level, then such information must 
be made available to its control software. This information may be offered to the machine vision 
system in the form of a knowledge file (Bartels et al, 1992). A knowledge file will hold a large 
amount of generally applicable information, as well as very specific processing instructions for a 
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particular and narrow diagnostic target or domain, for example, prostatic intraepithelial 
neoplastic lesions or a poorly differentiated prostatic carcinoma. 




Figure 46-7 Tile merging based on cross-correlation techniques, showing the exact match 
of structures from both tiles down to the pixel level. 



A knowledge file consists of two major sections. In a first declarative section, all entities 
pertaining to a given domain are listed, with their properties, the computer operations required 
for their evaluation, and the sequencing of these operations. The entities entered into the 
knowledge file may fall into two logical groups. The first group consists of all entities 
recognized by the human eye, such as the nucleus, cytoplasm, various cell types, etc. The 
second group consists of entities that are solely related to image processing and constructs 
known as “intermediate segmentation products.” Examples of entities that are solely related to 
image processing could be red image, pixel, pixel OD value threshold and area, as well as 
subroutines, algorithms, and functions constructed to define a segmentation procedure, for 
example, a function that finds objects of interest. 

Intermediate segmentation products are objects produced by machine vision segmentation 
during the initial processing phase aimed at detecting image regions that can be separated from 
the background. Some of these outlined objects may be well-defined morphologic components 
such as a single nucleus. Others may be objects that require further segmentation, e.g. a 
cluster of overlapping nuclei. Others may be fragments of one or more histologic components, 
such as secretory epithelium or portions of two different glands that appear in machine vision to 
be a single object. Figure 46-8 shows a brief processing sequence of segmentation of 
glandular epithelium. In Figure 46-8A, a portion of the glandular epithelium has been correctly 
recognized and segmented, but the gray-shaded glandular epithelium on the left belongs to 
three different glands. It is an intermediate segmentation product. In Figure 46-8B, the section 
of epithelium belonging to the gland on the lower left has been recognized, and so has the 
remaining segment of epithelium for the gland on the right. But, an intermediate segmentation 
product, now comprising segments from two different glands, still remains in need of further 
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segmentation. Figure 46-8C indicates the segmentation line that the system found. In the next 
step, both of the remaining epithelial segments would be correctly assigned to their glands. 

Human vision immediately identifies these intermediate segmentation products. A machine 
vision system needs to be given explicit instructions on how to recognize the objects and how 
to process them. Fortunately, only a limited number of different intermediate segmentation 
products occur for scenes from a given domain. They must be specified by name as separate 
entities in the knowledge file, to allow the control software to call on the appropriate next 
processing sequence. 




Figure 46-8 Processing sequence of a knowledge-guided segmentation. In A, the 
glandular epithelium from three glands remains connected, as an intermediate 
segmentation product. In B, the segment belonging to the gland in the right center is 
correctly segmented and added to that gland. In C, a portion of the epithelium belonging to 
the gland at the center left is correctly recognized and segmented. The glandular 
epithelium from the large gland at the top is assigned to that gland and a segmentation line 
has been drawn. 
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The second section of the knowledge file contains definition statements. It gives specific 
processing instructions to find the required entities and also can logically relate the entities from 
the first two subsections to each other. The definition statements are written in a subset of 
English, e.g. a nucleus is an object with size (limited by constraints) and with shape (limited by 
constraint) and with total optical density (limited by constraint). 

The knowledge file is a text file and may readily be amended or modified. It is read by 
the control software and consulted at run time. As the software interprets the definition 
statements, it sets up a node and processing sequence for each entity. The results obtained 
during the scene processing must satisfy the constraints at all the nodes. 

R1687 

Relatively simple targets or scenes, such as tissue from well-differentiated adenocarcinoma, 
require approximately 100 entities to allow successful segmentation for 90% to 95% of all 
scenes. More complex scenes have required approximately 250-300 entities to provide 
segmentation at the same rate of success (Thompson et al, 1995). 

The complete segmentation process involves two major phases. In the first, the scene is 
segmented until every object is either recognized as a correctly outlined histologic entity, as 
listed in the knowledge file, or as a fragment of such an entity. In the second phase, the scene 
is reconstructed from the objects on file. In this operation, the control software has to check for 
logical consistency of the reconstruction. The extraction of histometric diagnostic information is 
begun only after scene segmentation, reconstruction and consistency checks have been 
completed. 

A knowledge-guided scene segmentation system constitutes a major software development. 

The machine vision system at the Optical Sciences Center, University of Arizona, comprises 
some 20,000 lines of control code and image processing code. Structurally, the control software 
is an expert system implemented as an associated network with frames at each node 
(Jackson, 1986). There the specific results from the processing of each object are accumulated 
for later use. 

Systems capable of segmenting, analyzing and interpreting imagery in a fully autonomous 
fashion, guided by a source of external knowledge of the domain and the processes required 
have become known as image understanding systems (Bartels et al, 1989). 

Figure 46-9A-D shows the result of an automated segmentation of a tissue section from the 
prostate. Sample fields showing segmentation of lumen, stroma, secretory, and basal cell 
nuclei, and basal cells only are shown as a sidebar. 
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Fig. 9a Lumen 




Fig. 9b Slroma 




Fig. 9c Secretary cell nuclei 
and basal cell nuclei 




Fib. 9d basal cell nuclei alcne 



Figure 46-9 Automated segmentation of a tissue section from the prostate. The regions 
identified by the machine vision system as lumen, stroma, nuclei of the glandular 
epithelium, and basal cell nuclei alone shown in black in the small demonstration windows. 
Actually, the entire image is segmented automatically. 



EXTRACTION OF DIAGNOSTIC INFORMATION 

With images correctly segmented and all objects of interest properly outlined, diagnostic 
information collection can begin with “feature extraction.” 

Features 

Features are descriptive entities that have numerical values. They may represent 
traditional diagnostic entities, such as “nuclear area” or “nucleocytoplasmic (N/C) ratio.” They 
may represent the spatial and statistical distribution patterns of nuclear chromatin in terms that 
may not have a direct visual equivalent, such as the frequency of co-occurrence of optical 
density (OD) values in certain range of pixels adjacent to each other. Feature extraction results 
in an invariant representation of an object from the image that is now characterized by a set of 
features. 

In cytometric analysis, information of diagnostic value is offered at several different levels. 
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There is information at the pixel level where only the properties of individual pixels are 
considered. This information is often used in scene segmentation to define a boundary based 
on pixel OD value, or pixel OD value gradient between pixels, or pixel OD value differences 
between images from different spectral bands. 

There is information at the feature level when groups of pixels form a feature. The 
properties of such pixel groups are considered a feature value. The variance of all pixel OD 
values in a nucleus is an example. 

One may transfer feature evaluation from absolute feature values to a relative scale, where all 
feature values are expressed in units of deviation from a “normal” reference. This makes 
feature evaluation less sensitive to specimen preparatory effects. Using the standard deviation 
of features in the normal reference data set as a unit, feature values are expressed in z-values 
or as relative deviation from normal. 

It is customary to present all feature values in relative units because most features depend in 
their value on the sampling density in the image. Also, for purposes of multivariate analysis, it is 
advisable to have all variables of roughly the same order of magnitude. 

For feature extraction from cytopathologic preparations and karyometric 
measurements, a set of approximately 100 features is commonly used (Bartels et al, 1980; 

Bengtsson et al, 1994; Doudkine et al, 1995). These features fall into distinct groups. There are 
features which represent an object as a whole, such as the nuclear area, total optical density, 

N/C ratio, variance of pixel OD values, shape features, measures of roundness of a nucleus, of 
concavities in the boundary or ellipticity. This group of features is often referred to as global 
features. 
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DNAPLOIDY ANALYSIS 

The total optical density is one of the most often utilized global features. It is computed as the 
sum of all pixel optical density values within the boundary of a nucleus. It is usually expressed 
in arbitrary units. 

Total optical density is used in dual mode, either as a descriptive feature in image analytic cell 
recognition, or as a quantitative cytochemical procedure, particularly DNAploidy analysis in 
Feulgen-stained samples. 

The Feulgen procedure (Feulgen et al, 1924) results in a stoichiometric staining of the nuclear 
DNA(see Chap. 44 for technical details). The total optical density measured on nuclei prepared 
in this fashion provides a quantitative measure of the nuclear DNA content which may be 
useful in diagnosis and grading of tumors (Boecking et al, 1994). 

The principles of DNAploidy measurements by image analysis are simple. The total optical 
density value for each individual whole nucleus is used to construct a histogram. From 100 to 
1 ,000 nuclei, with an average of 300, must be measured to construct a reliable histogram. The 
distribution of the DNA values in a histogram of the unknown target is compared with the 
distribution of DNA values of a normal cell population. The latter may be haploid (IN) as 
observed in germ cells, such as human spermatozoa containing 23 chromosomes, or diploid 
(2N) containing double the number of chromosomes (46 in humans) as observed in all somatic 
cells. The number of chromosomes is proportional to DNA content. Afurther important 
variant is caused by cycling cells that double their DNA content during the S phase of 
the mitotic cycle. Thus, a histogram of normal DNA values of cycling diploid cells will show 
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cells in G 0 G 1 (2N) phase of the cell cycle, followed by gradual increase of the DNA content 
during the S phase, until double the original DNA content (4N) is reached during the G 2 M 
phases of the cycle, prior to cell division. Normally, the G 2 M peak is very small. 




Figure 46-10 Histograms of DNAploidy patterns in normal prostate (/4), an aneuploid- 
tetraploid carcinoma ( B ), and an aneuploid carcinoma with multiple peaks ( C ). A shows the 
distribution of DNA values in normal prostate. The large peak (left) corresponds to the 
dominant diploid cell population in GoG-j phase of the cycle. The small peak (right) 
represents cells in G 2 M phase of the cycle. These cells are tetraploid. In B, the large peak 
on right shows the abnormally high number of tetraploid cells. C shows numerous peaks of 
abnormal DNA distribution. Histograms based on 300 cells per case. 



If the unknown sample shows a DNA distribution equal to normal, it is considered to be diploid. 
If the histogram of the unknown sample shows values not consistent with normal distribution, it 
is considered to be aneuploid. There are various forms of aneuploidy, depending on the 
position of the peaks. A sample can be hypo- or hyperdiploid. The latter may occur as single 
or multiple peaks in the histogram (Fig. 46-10). The term stemline is often used to define a 
single population of aneuploid cells. Thus, a tumor may have a single or multiple stemlines. 



The procedure requires strict adherence to protocol (Boecking et al, 1995; Schulte, 1991). To 
maintain stoichiometry of staining one will have to ascertain that cells of different phenotypes, 
mainly reference nuclei and target nuclei, are equally affected by the hydrolysis step in the 
Feulgen procedure (Schulte et al, 1990). Additional problems may be experienced if attempts 
are made to estimate minor histogram abnormalities, such as the estimate of an S-phase 
fraction or detection of a near diploid stemline. In practice, 
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the interpretation of a DNA content histogram or “ploidy pattern” may not go farther than a 
visual assessment of whether aneuploidy is present. 



The most reliable results are obtained using formalin-fixed cells in smears. Measurements of 
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DNA ploidy on tissue sections are generally not considered to be of comparable 
quality, or even not as acceptable at all. Corrective measures have been suggested to allow 
for the effects of section thickness and nuclear transection. However, even the reference nuclei 
used to establish the position of the 2N peak may have different sizes, geometry and orientation 
within the section. 

Today, cell cycle analysis, S-phase fraction estimates and high-resolution stemline detection 
are usually performed by flow cytometry (see Chap. 47). However, image analysis is the 
preferred procedure when the cell sample is small, when it is essential that only tumor 
cells be included in the sample, by visual selection, or when one wishes to detect the presence 
of rare cells with abnormal DNA content. 

The two methods are mutually complementary and are compared in Table 47-3 in the next 
chapter. 

DNA ploidy measurements by image analysis have been applied to human cells and tissues, 
usually to elicit differences between benign and malignant tumors and differences 
among malignant tumors of the same origin to elicit data of prognostic value (Auer et al, 

1980; Baak, 1991). In Chapter 47, the reader will find information pertaining to ploidy 
measurements in specific human tumors. 

Pixel Optical Density Histogram 

The histogram of pixel OD values typically consists of 18 features. Each of these is the relative 
frequency of occurrence of pixels in an optical density interval 0.10 units wide, spanning the 
range from OD 0 to >1 .8. The relative frequency of occurrence of pixels in a given OD interval 
is a first order statistic. The count depends only on the single pixel whose value is observed. 

This count is not dependent on the values of other pixels in the vicinity. The pixel OD value 
histogram is used primarily to compare two populations. Figure 46-11 shows the histograms for 
a normal cell line and for a malignant cell line (Wied et al, 1968). One notes the shift of the 
histogram mode to high pixel OD value, in the malignant cell line, reflecting the presence of 
denser chromatin granules in the nuclei. The relative frequencies of occurrence of pixel OD 
values of nuclei are very useful in diagnostic cell classification. Their differences in a given pixel 
OD value interval, and the scatter about the two respective mean frequencies of occurrence, 
determine how well the feature “relative frequency of occurrence (dn/n) in a certain optical 
density interval” allows a discrimination between diagnostic categories A and B (Fig. 46-12). 

Pixel OD value frequencies have been used extensively. They are robust and reliable 
features that reflect nuclear chromatin texture and are often the first to undergo a 
significant change as cells respond to changing conditions. 

The pixel OD value difference histogram may be used to assess the granularity of nuclear 
chromatin. The pixel OD value co-occurrence matrix provides a set of features that is based on 
the probability that a pixel in a certain OD 
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value range is followed (along the scan line) by a pixel within a certain OD value range (Bartels 
et al, 1969; Haralick et al, 1973; Pressman, 1976). The co-occurrences are second order 
statistical features. Typically optical density ranges 0.30 units wide are chosen. Thus, the range 
from OD 0 to >1 .8 is covered by six intervals. This yields 36 features for the co-occurrence 
matrix. In practice, only half of the matrix is used and the co-occurrences of pixels in ranges i,j 
are considered the same as from the ranges j,i. Table 46-2 shows such a co-occurrence matrix, 
with entries normalized to unity for the full row; here only the entries for the upper diagonal are 
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Figure 46-11 Pixel optical density histograms for a normal and a malignant cell line. Note 
the extension of the pixel optical density values into the higher optical density range in the 
malignant cells. 
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Figure 46-12 For the information offered by the pixel optical density histogram, the relative 
frequencies of occurrence of values in the different optical density intervals are the 
variables. The two horizontal axes are those relative frequencies of occurrence and the 
pixel optical density values. The histograms are shown for two cell types A and B. The two 
histograms have well separated relative frequencies of occurrence in the interval 4 as 
shown. The vertical axis indicates the relative frequency of occurrence of nuclei having 
pixels in the optical density interval 4 from cell type A and B. 



TABLE 46-2 CO-OCCURRENCE MATRIX 



Optical Density 
Ranges 


0.01- 

0.30 


0.31- 

0.60 


0.61- 

0.90 


0.91- 

1.20 


1.21- 

1.50 


0.01-0.30 


0.76 


0.16 


0.08 






0.31-0.60 




0.69 


0.16 


0.12 




0.61-0.90 






0.58 


0.22 


0.06 


0.91-1.20 








0.41 


0.35 


1.21-1.50 










0.38 


>1.50 













A sequence of pixels with OD values occurring in the same interval is called a “run.” 

Run length analysis is well established for texture assessment (Galloway, 1975). The run length 
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features in cytometry and karyometry typically involve several length intervals, e.g., runs of 
length 1-2, 3-4, 5-6, 7-8, 9-10, or 11-12 pixels. When the run length is evaluated for sixOD 
intervals, one again obtains a block of 36 features, or run length counts. The set of run length 
features describes higher order statistical dependencies of a textured field, such as formed by 
the nuclear chromatin. From the co-occurrence and the run length matrices, summarizing 
features have been derived, such as short run emphasis and long run emphasis, run length 
uniformity and run length non-uniformity (Doudkine et al, 1995; Young et al, 1986). Other 
features directly describe the spatial distribution of nuclear chromatin. There are measures of 
peripheral tendency of the chromatin and of chromatin dumpiness. The above-described set of 
features has been found useful to characterize the spatial and statistical distribution of 
chromatin in all types of nuclei. 

Histometry 

In histometry, the features are generally more specific and better defined for diagnostic 
assessment. The features are not readily transferable to other applications. Examples of 
histometry are the measure of the disruption of the basal cell layer in prostatic intraepithelial 
neoplasia (Bartels et al, 1998), measures of complexity of cancerous prostatic glands 
(Anderson et al, 1997), or measures to determine the number of cell layers in a secretory 
epithelium (Hamilton et al, 1995). All of these tasks require full scene segmentation. There are 
other histometric measures that do not require intensive image analysis prior to feature 
extraction. Graphs and nets (simple decompositions) provide measures for nuclear placement 
patterns. These, in turn, may be used to quantify tissue de-differentiation. Examples are 
construction of a minimum spanning tree (Fig. 46-13) or of a Voronoi tesselation (Voronoi, 

1902), 
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as shown in Figure 46-14. Such a decomposition yields sets of features, such as the number of 
branches in a graph, the link length distribution, the number of vertices, the number of 
neighbors for each vertex, and the distribution of angles at the vertices. These features are 
then further processed by standard discriminant analytic procedures. The type of analysis has 
become known as syntactic structure analysis (Kayser, 1988; Rodenacker et al, 1988). 
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Figure 46-13 Example of a minimum spanning tree. Aset of nuclei is connected, from 
nuclear center to nuclear center by the shortest possible connecting links. From such a 
minimum spanning tree descriptive features for the nuclear placement can be derived. 
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Figure 46-14 Example of a Voronoi decomposition. Nuclear centers are connected into a 
grid and features such as the link length distribution, number of segments, shape of 
segments, link angles can be derived to describe the nuclear placement. 



Diagnostic Information 

Many of the analytic procedures used in cell classification were adopted from methods used in 
pattern recognition. Most are based on mathematical/statistical algorithms (Agrawala, 1977; 
Fukunaga, 1972). They have served the field very well indeed. The classification performance 
deteriorates when more than about a dozen features are employed. One may, of course, select 
the strongest features, whose distributions for different categories of cells have minimal overlap 
and a high likelihood of membership in a given category. Yet, considering that about 100 
features are routinely computed, the methodology seems to waste diagnostic information. If the 
values of all measured features are arranged in an arbitrary but consistent order, one obtains a 
profile which expresses values and correlations among all of the measured features. 
Normalizing feature values gives them comparable value ranges. Each feature value may be 
expressed in units of standard deviation as determined on a reference data set of normal nuclei 
from the same tissue, i.e., one might use “deviation from normal,” or a z-value. Such 
relative measurements add stability and are a rich source of diagnostic information. Figure 46- 
15 shows such z-value profiles for normal nuclei of intermediate squamous cells from the cervix 
and for nuclei from cells derived from a high-grade precancerous lesion. These profiles are 
called “nuclear signatures” (Bartels et al, 1998; Mariuzzi et al, 2000). 
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Figure 46-15 Nuclear signatures for intermediate squamous cell from the cervix, and for 
nuclei from HSIL. The abscissa represents 93 karyometric features, arranged in an 
arbitrary, but consistent order. The ordinate expresses the deviation for each feature from 
values found in a set of normal reference nuclei (top), given in units of standard deviation 
(z-values). 



The nuclear signature clearly shows the so-called malignancy associated changes (MAC) in 
the nuclear chromatin (see Chap. 7). Figure 46-16 shows the nuclear signatures for visually 
normal intermediate cells from the normal cervix 
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and for visually normal intermediate cells from a cervix with a dysplastic lesion of a moderate 
grade. The nuclear signature of the latter resembles that from nuclei derived from a low-grade 
precancerous lesion. 
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Figure 46-16 Plot of abnormality for nuclei from normal intermediate cells from the cervix, 
for visually normal appearing intermediate cells from the cervix harboring a low-grade 
dysplastic lesion, and moderate grade dysplastic lesion, and for nuclei from low-grade 
dysplasia and high-grade dysplasia. Also shown are the nuclear signatures. The nuclear 
signature of visually normal appearing intermediate cells from cases of low-grade dysplasia 
clearly indicate the presence of that lesion. 
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Figure 46-17 Demonstration of the expression of “malignancy associated changes” in 
prostate tissue. A The nuclear signature of nuclei from secretory cells from prostate free of 
any premalignant lesion. B. A prostate gland from histologically normal-appearing region of 
a prostate harboring a high-grade intraepithelial neoplastic lesion. Its visually normal 
appearing nuclei show a nuclear signature ( C ) that clearly resembles the signature of 
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nuclei found in the high-grade PIN lesion, seen in D. 



In tissue sections of normal prostate, the nuclear signature of secretory cell nuclei is shown in 
Figure 46-17A. In Figure 46-17C, the signature of the nuclei from the prostatic gland (Fig. 46- 
17B) is seen: the nuclei already exhibit a signature that suggests the presence of a high-grade 
malignant lesion in the organ. The nuclear signature of nuclei measured directly in such a 
lesion is shown in Figure 46-1 7D. 

The profile of z-values, or deviations from normal for each feature, offers two kinds of 
novel information. Z-values averaged over all features, provide a measure of nuclear 
abnormality. This may be used to derive a lesion signature. A lesion signature is simply the 
distribution of nuclear abnormality values for a representative sample of nuclei from a given 
lesion. Figure 46-18 shows lesion signatures for normal endometrium, atypical hyperplasia and 
adenocarcinoma of the endometrium. 

Figure 46-19 shows lesion signatures for morphologically normal intermediate squamous cells 
from a normal cervix and for microscopically identical cells from patients with various grades of 
dysplasia, expressing malignancy associated changes. Figure 46-20 shows lesion signatures of 
an intraductal carcinoma in situ of breast. 

The next step is data analysis that leads to an evaluation of the set of nuclear features to allow 
the interpretation of the data. 

DATAANALYSIS 

The common objectives of an analysis are one or more of the following: 
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Figure 46-18 “Lesion signatures” for endometrial tissues. 



■ To characterize cells or tissues in numeric form using their descriptive statistics 

■ To detect and document small differences between or among cells or tissues 

■ To define procedures for the assignment of cells or tissues to a diagnostic category: 
classification and diagnostic decisions 

■ To determine whether a set of nuclei forms a homogeneous population or if subsets 
exist 

■ To assess progression of a lesion 



Multivariate procedures exist for each of these tasks. It is useful to understand which of 
these “tools” is best suited for a given analytic objective. The analysis of data usually requires 
multiple programs that must be coordinated as software modules. 



Descriptive Statistics 

Descriptive statistics characterize a set of objects, such as cells or nuclei, by the numeric 
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values of their features. The mean values and the standard deviations of the features are 
computed. Occasionally, the correlation coefficients for certain pairs of features are calculated. 

The underlying assumption in these calculations is that a data set is homogeneous and 
representative of a diagnostic category. Not uncommonly, however, mean values and standard 
deviations for a given feature differ between and among cases and preparations confounding 
the effects of random variations. To avoid this pitfall, it is advisable to estimate the descriptive 
statistics after an analysis of variance has provided an estimate 

P.1693 

of the standard deviations pertaining to the case to case and nucleus to nucleus variability. 
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Figure 46-19 “Lesion signatures” for visually normal appearing intermediate squamous 
cells of the cervix from normal cervix, and cervices with low-grade dysplasia and high- 
grade dysplasia. These lesion signatures reflect the malignancy-associated changes. 



Detection and Documentation of Small Differences 
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The detection of small differences between and among biologic targets, such as cells, is a 
frequent analytic task. The ability to document differences too small to be unequivocally 
appreciated by visual observation is one of the great advantages of digital analysis. The 
significance of small differences in the values of a feature between two data sets may be 
established by a number of test statistics, such as Student's t-test, the U-Whitney test, or a 
Kruskal-Wallis (KW) test (Bradley, 1968). However, the full power of detection by statistical 
analysis comes into effect only by a skillfully planned experimental design for an analysis 
of variance (Ostle and Mensing, 1975; Sokal and Rohlf, 1969). 
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Figure 46-20 Lesion signatures for intraductal carcinoma in situ of breast. DCIS, ductal 
carcinoma in situ. 



The significance of a difference is shown when the confidence limits at a specified level, for 
example, 95% for the 
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mean values in two data sets, do not overlap. The results depend on the standard deviation of 
the measurements. 



TABLE 46-3 NESTED ANOVAANALYSIS OF VARIANCE FOR THREE DIFFERENT 

GRADES OF A LESION 



Source 


SS 


df 


Mean 

square 


% Mean 
square 


F- 

value 


P 


Dx/Grade 


7.280 


2 


3.640 


72% 


4.25 


<0.025 


Case 


28.2635 


33 


0.8565 


17.0% 


1.60 


<0.05 


Nuclei 


366.15 


684 


0.5353 


11.0% 







Dx = diagnosis; SS = sum of squares is the sum of all squared deviations from the 
mean; it measures the variability in the data set; df = degrees of freedom reflects the 
number of observations that are considered at each level of the nested design; ms = 
mean square is the sum of squares for each nested level, divided by the applicable 
degrees of freedom. Thus, it simply is the variance component associated with that 
level, e.g., case to case variability; F-value = a variance ratio test. See text for further 
analysis of data. 



An analysis of variance allows one to determine the causes of the observed differences. By 
clever experimental design, one can estimate exactly how much each cause affects the 
variance and assign certain proportions of it to known effects. The remaining “unexplained” 
variance is much smaller and may detect much smaller significant differences that could not be 
observed prior to the analysis of variance. This powerful technique allows highly significant 
results to be documented with a minimum amount of data collection. There are literally dozens 
of different “designs” for analysis of variance. Two such designs are particularly useful in 
quantitative cytopathology. 

The first is a nested design (Sokal and Rohlf, 1969). It allows one to determine the 
significance due to the principal assumption (such as diagnosis) and to estimate the proportions 
of variance due to case to case variability, sampling heterogeneity and variability among targets 
(such as nuclei). To establish a difference between two diagnostic categories, one has to show 
significance of its variance component over the variance component caused by case to case 
mix. The nucleus to nucleus variance component serves as the general error term. Table 46-3 
provides an example. A diagnostic feature was measured for nuclei from three different grades 
of a lesion. Twelve cases were studied and 20 nuclei were measured from each case. This 
leads to a nested design with “grade” as first level, “cases” as second level, and “nuclei” as the 
third level. The differences between grades are statistically significant. Seventy-two percent of 
the total mean square is due to the differences between grades and only 17% is due to case to 
case variability. 

The second experimental design of practical interest is a factorial arrangement of 
treatments (Sokal and Rohlf, 1969). It allows one to test for the existence of “interaction” or 
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synergistic effects. This approach may address questions such as: are the nuclei from certain 
lesions more abnormal than those from other lesions even though diagnostic grades were the 
same? Are some patients responding to a treatment and others not? 

CLASSIFICATION AND DIAGNOSTIC DECISION PROCEDURES 
The derivation of a rule that allows one to assign unequivocally a cell to a diagnostic 
category on an objective basis is one of the most common analytic goals. It is also a 
task that is far from straightforward. A diagnostic decision based on numeric data derived by 
an analytic procedure may be based on one of two different paradigms: multivariate/statistical 
procedures (Bartels et al, 1986; Clifford et al, 1975; Hand, 1981) or accumulation of likelihood 
procedures (Jensen, 1996; Pearl, 1988). Many methods of classification exist. 

In multivariate mathematical/statistical procedures, a set of variables — representing 
diagnostic criteria — is recorded. They are each appropriately weighted and entered into a 
classification function. Afunction score is computed, compared to a threshold, and an 
assignment to a diagnostic category is made. Examples discussed below are supervised 
learning and unsupervised learning. 

The second paradigm follows more closely the process of a human diagnostician. Diagnostic 
evidence is recorded. An estimate is made as to how the observed outcome of the first 
diagnostic criterion affects the relative likelihood for each of the alternate diagnostic categories. 

Then the next diagnostic criterion is observed and evaluated. The assessment of the 
likelihoods for each diagnostic alternative is updated according to the newly entered evidence. 

This is continued until the certainty for one of the diagnostic outcomes has reached a very high 
value. 

There are substantial differences between these two approaches. The 
mathematical/statistical algorithms work in a closed feature space, i.e., only those features 
effective for discrimination are evaluated. No further information is extracted from the clinical 
material after that. The number of features in a classification function is typically less than 10, 
although in hierarchic classifier designs, more features might be employed. The same features 
are evaluated for every object. The algorithms cannot tolerate missing feature values. 

P.1695 

The second paradigm operates in an open feature space: as many diagnostic criteria are 
evaluated as are needed to reach the required level of certainty for assignment to a diagnostic 
category. The procedure allows substituting different features if certain diagnostic clue values 
are not expressed and missing. Thus, different criteria may lead to object assignment to a given 
category. The process does not involve an estimate of a multivariate probability density 
function. Hence, one may use a larger number of features than a statistics-based algorithm 
would allow. Examples of this paradigm would be inference networks (Bartels et al, 1992) and 
automated reasoning systems (Bartels et al, 1996). 

Supervised Learning: Statistical Procedures 

Supervised learning is based on the analysis of two sets of objects (i.e., nuclei) classified a 
priori in two categories. These nuclei are used as training sets, to derive a classification rule 
that is tested on a test set. To establish a training set, the processing steps are: 

■ Computing feature values 

■ Feature selection to reduce the dimensionality 
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■ Processing by a classification algorithm 

■ Estimate of correct classification rate for the training sets 

■ Application of classification function to a test set (i.e., data of known diagnostic label that 
were not used to derive the classification rule) 

■ Estimate of correct classification rate for the general case 

A basic assumption in statistical classifiers is that the nuclei in each training set are of 
homogeneous phenotype. It is possible to compute the values of 100 different features for each 
nucleus. However, since classification algorithms typically accommodate, at most, 10-15 
features, only the best features are selected in order to reduce the “dimensionality.” Typically, 
one should have a training set sample size to number of features ratio of more than 10:1 (each 
feature used in classification requires 10 samples) (Kanal et al, 1968). The absolute minimum is 
3:1 (Foley, 1972). Purists would insist on a ratio of 50:1 . The reason for such ratios is that many 
classification algorithms are based on an estimate of a multivariate probability density 
distribution. That estimate may be ill-defined if based on too small a sample. A training set and 
subsequent test set must be used for the selection of the “best” features, based on statistically 
significant differences in value for the two categories. This is similar to a hypothesis test. If 
features are selected because their values are different at the 95% confidence level (p = 0.05), 
and 100 features are tested, one can expect to find five features that are spuriously significant, 
i.e., will be effective at distinguishing the training set but not be effective for the test set. 



TABLE 46-4 CLASSIFICATION RESULTS FOR A TRAINING SET OF CERVICAL CELLS 



Predicted Group Membership 



Actual 

Group 


Unknown 


1 


2 


3 


4 


5 


6 


1 -INT 


0.0% 


99.0% 


0.0% 


0.0% 


1.0% 


0.0% 


0.0% 


2-IMMT 


0.0% 


0.0% 


95.2% 


0.0% 


0.5% 


0.0% 


4.3% 


3-DYSK 


0.0% 


0.0% 


0.5% 


96.7% 


2.9% 


0.0% 


0.0% 


4-DYSN 


0.0% 


0.0% 
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INT, intermediate cell; IMMT, immature metaplastic cell; DYSK, keratinized dysplastic 
cell, non-keratinzed dysplastic cell; DYSM, dysplastic cell from an area of metaplasia; 
CIS, carcinoma in situ. These were the cyto-diagnostic designations used in the 
original TICAS project. 
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When data are sparse and a test set is not available, one may avoid this problem by applying a 
Bonferroni correction (Pagano et al, 2000), i.e., one sets a much stricter standard for accepting 
a feature as significant. In practice, this means that one selects only features that have a much 
higher confidence level, such as p - 0.0021 . At this level of statistical significance, only 1 in 500 
features tested could be expected to be spuriously significant. The selected features could be 
expected to adequately distinguish a training from the test set. 

When more than two diagnostic categories have to be considered, a classification strategy must 
be chosen. There are two major choices. One may choose a one-stage classifier which 
makes diagnostic category assignment in one step (Lachenbruch, 1975). Or, one may elect to 
design a hierarchic classifier (Taylor et al, 1974, 1978; Breiman et al, 1983; Bartels et al, 

1984) that makes a sequence of classification decisions. 

In general, the hierarchic classifier strategy is superior. It creates a specifically formed 
classification rule for objects to be assigned to each category by creating a consecutive 
series of decision nodes. In a hierarchic classifier, a misrouted object can be retrieved at a 
subsequent decision node, which is not possible with a one-stage procedure. A hierarchic 
classifier is more labor intensive to develop. For the training of the second and subsequent 
decision nodes, only objects routed down to these nodes by preceding classification stages can 
be used. Consequently, one must have a large number of training samples. Table 46-4 presents 
the classification results for the training set of cervical cells in 

P.1696 

the TICAS project (Wied et al, 1968). Figure 46-21 shows such a hierarchic decision tree as 
derived for the classification of a test set of cervical cells. Hierarchic classification was used in 
a successful analysis of cells from the urinary sediment (Koss et al, 1983; Koss and Sherman, 

1984). See Chapters 22 and 23. 
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Figure 46-21 Classification tree for a test set of cervical cells derived in the course of the 
TICAS project (Wied et al, 1968). INMT, intermediate cell; IMMT, immature metaplastic cell; 
DYSK, keratinizing dysplastic cell; DYSN, non-keratinizing dysplastic cell; DYSM, dyplastic 
cell from an area of metaplasia; CIS, carcinoma in situ cell. The cell diagnostic labels are 
the ones in use at that time. 



Sampling methods and sample size criteria are of importance for all classification 
procedures. A random selection of objects (cells) is usually superior. Visual selection invariably 
introduces some bias. In many situations, cells reflecting a continuous progressive change are 
present and may be of different phenotype, following different progression pathways. Visual 
assessment may not clearly differentiate such cells or may not even detect their presence. One 
should always test a recorded data set for homogeneity. When the goal of the analysis is the 
derivation of a classification rule based on a mathematical/statistical algorithm, one should 
maintain an adequate training set sample size. For a two category discrimination based on 
typically 6 to 8 features, this would mean from 60 to 100 cells per training category and another 
comparable data set for test purposes. In a hierarchic classifier, the sample sizes required for 
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the training at the second and subsequent decision nodes are subject to the very same 
requirements. 

In clinical applications, patient to patient variability may be important and the sample size 
requirements must be satisfied to meet epidemiologic standards. This becomes feasible only 
with full or partial automation of data acquisition and segmentation. 

ARTIFICIAL NEURAL NETWORKS 

An artificial neural network (ANN) is, in essence, a statistical classifier (Rumelhart et al, 1986; 
Grossberg, 1987; Anderson and Rosenfeld, 1988). ANNs can be operated in both a 
supervised or in an unsupervised learning mode. They can be trained to recognize and 
distinguish patterns. A neural network consists of an input layer where feature values are 
entered at each input node, and an output layer with nodes representing the alternate different 
outcomes. In addition, most neural networks have one or more “hidden” layers, inserted 
between the input and the output layers. Every input node is connected to every node in the 
next following hidden layer and every node in a hidden layer is connected to every node in the 
output layer, as shown in Figure 46-22. 

The mode of operation of a neural network is straightforward. An input pattern is entered at the 
input layer. The 
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signal from each node is fed forward through the network to the output nodes. For every 
pathway through the network that led an input signal to the correct output node, “weights” are 
increased, i.e., the network reinforces the signal routing. In pathways that lead to an incorrect 
output node, the signal weights may be reduced. This is done in small increments but the 
process results eventually in a high correct recognition rate. One of the frequently stressed 
advantages of an ANN is that the network itself selects effective features and feature 
combinations. The user, thus, does not have to make a feature selection before network 
training. Therefore, the user cannot introduce any bias by the feature selection. 
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The advantage of ANNs is that they can draw almost arbitrarily convoluted decision boundaries 
in a feature space. The designer, though, has to provide for a suitable number of nodes in the 
hidden layers. The ANN functions in the manner of a multidimensional polynomial classifier. The 
ANNs must be trained to achieve optimal performance. Figure 46-23 shows classification 
results for data from normal and malignant cervical cells. Initially, before training, the network 
classifies cells in a random fashion, after 200 cycles of training discrimination was achieved. 

Figure 46-24 depicts the classification of a ploidy pattern by an ANN, shown as a Hinton 
diagram (Dytch et al, 1990, 1991). The ploidy pattern has 16 intervals, thus, there are 16 
processing elements in the network's input layer. A hidden layer of eight processing elements 
was provided. The figure shows the accumulating weights from each processing element in the 
input layer, at each of the eight processing elements in the hidden layer. The dark boxes 
indicate positive values, the light boxes indicate negative weights; the size of the boxes indicate 
the magnitude of the weights. Finally, the weights from each of the eight processing elements in 
the hidden layer are fed to the three processing elements of the output layer, which represent 
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Training Set - Beginning of Training of A.I. Circuits 




Training Set - End of Training of A.I. Circuits 




Figure 46-23 Classification of normal (white bars) and abnormal (black bars) cervical cells 
by an artificial neural network (ANN), before training and after 200 cycles of training. Prior 
to training of the network only a random assignment results, after training the cells are well 
separated by their assigned output values. 
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Figure 46-24 Classification of ploidy patterns by an artificial neural network (ANN). The 
ploidy pattern is divided into 16 intervals, so there are 16 input processing elements. A 
hidden layer of eight nodes was provided. The Hinton diagram shows positive weights as 
black, negative weights as white, the size of the boxes indicate the magnitude of the 
weights. Three output nodes are provided for the three diagnostic alternatives for which 
the ANN was trained. 



The initial attraction of ANNs in diagnostic pathology was that one would not have to specify 
diagnostic clues or features. The network would, just like a pathologist in training, learn to 
recognize cells and tissues by itself. This is true in principle. In practice, this option was difficult 
to implement. 



Two applications of ANNs in pattern recognition must be distinguished: applications to an 
image, and applications to feature vectors. In an application to an image, every pixel 
becomes a feature and the input layer must have as many nodes as there are pixels in the 
image. This is a problem of immense complexity, requiring a massive training effort. This holds 
for all but the most trivial recognition tasks, such as: Is this a large blob or not? In such 
problems, a pre-centered and pre-oriented binary pattern could be correctly recognized by 
sampling just a very few image pixels. 

In an application to the grading of histopathologic imagery of prostatic lesions, Stotzka et al 
(1995) employed an already reduced image representation by using fields of 64 * 64 binary 
pixels. The training of a network capable of accepting such inputs took several weeks of 
continuous runs on a SUN SPARC 1 workstation (Sun Microsystems, 
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Menlo Park, CA). The system succeeded in distinguishing moderately from poorly differentiated 
carcinomas at a correct rate of 80% in the training set, and of 65% in the test set. However, this 
was practically the same recognition success as that obtained with standard statistical 
classification. 

In an application to the classification of multivariate data, such as feature vectors, ANNs 
perform very well and require much less effort to train. Still, multivariate feature vectors 
representing cells or tissues rarely form highly convoluted distributions in feature space that 
would require such decision boundaries. One should examine, therefore, whether the effort to 
design and train an ANN results in a classifier performance that is significantly better than can 
be attained with well established multivariate statistical procedures. 

Neural networks may well be of eminent value in data mining procedures where one has to 
search large volumes of high dimensional data for the existence of subsets. Such subsets must 
be assumed to form only “weak patterns” having escaped notice so far. Problems too 
complicated for a standard multivariate analysis (such as data sets represented by 50 to 200 
variables) should still be tractable by neural network processing, in unsupervised learning 
mode. 

A comprehensive review of the literature on applications of neural networks in cyto- and 
histopathology was given by Cross (1999). An ANN based apparatus, the PAPNET System, 
was approved by the Food and Drug Administration (USA) for screening of cervical smears 
(Koss et al, 1997). The machine is no longer manufactured (see below). 

INFERENCE NETWORKS AND BAYESIAN BELIEF NETWORKS 

In contrast to mathematical/statistical classifiers, both inference networks and automated 
reasoning systems operate in an open-ended manner designed to use as much of the 
diagnostic evidence as may be necessary to arrive at a particular outcome. An inference 
network allows one to accumulate diagnostic evidence and, in the process, to assess the 
certainty of a final diagnostic decision in numerical terms (Pearl, 1988; Bartels et al, 1992; 

Jensen, 1996). An inference network consists of a decision node, at which all alternate 
diagnostic categories are listed. This diagnostic decision node is connected to a number of 
diagnostic evidence nodes: one for each diagnostic clue with its possible outcome values. 

The connection is via a conditional probability matrix: it specifies what the probability for a given 
diagnostic alternate is, given that a certain outcome value for a clue has been observed. For 
example, given that the outcome for the clue “nuclear area” has been observed as “large,” the 
probability that the diagnostic alternate “high grade precancerous lesion” applies may be 0.63. 

The conditional probabilities in the matrices for each clue are either estimated from a large 
sample or are derived from the experience of pathologists. 

This part of the inference network is strictly probabilistic. As each of the diagnostic evidence 
nodes is polled, the probabilities for the different diagnostic alternates are updated. Finally, 
when the evidence collected from all the nodes is summarized, one diagnostic outcome has the 
highest probability. 

The input into the diagnostic evidence nodes may be the numerical value of a measured 
feature, but it may also be a descriptive, fuzzy linguistic term. Therefore, the input layer of an 
inference network is based on possibility theory and fuzzy set theory. For example, the 
assessment of a diagnostic clue may be limited to the three outcomes: small, medium, or large. 

All of these are fuzzy, overlapping terms because they depend on the judgment of individual 
observers. One of these three possible outcomes is most accurate. However, because of the 
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overlap of all three membership functions, the other two outcomes cannot be fully discarded. In 
short, the diagnostic evidence input is, in this example, a 3-dimensional relative likelihood 
vector. 

Thus, there are two levels at which uncertainty is managed. The first deals with the uncertainty 
of the diagnostic clue input. The second deals with the probability that a given clue may not be 
limited to a single diagnostic outcome. Inference networks allow a substantial number of 
diagnostic clues to be evaluated. Inference networks also provide a great deal of insight into 
the diagnostic process itself. 

To help in assessing the extent to which a given diagnostic clue is expressed, inference 
network systems have been developed which offer a gallery of comparison imagery 
demonstrating the structure constituting the clue. The user does not estimate the likelihoods. 

Rather, a cursor is moved on the computer screen to the nearest match in the reference 
imagery and the system automatically assigns the correct relative likelihood ratio vector 
(Hamilton et al, 1996). Figure 46-25 shows an example of the accumulation of evidence in the 
assessment of a prostatic lesion as either low- or high-grade prostatic intraepithelial neoplastic 
(PIN) lesion. Nine diagnostic clues were evaluated. The cumulative belief for the outcome “low- 
grade PIN” was higher than that for the other diagnostic alternate. 

Inference networks have been developed for a number of diagnostic tasks, the grading of 
prostatic lesions, diagnostic assessment of PIN lesions (Montironi et al, 1996), diagnostic 
assessment of aspiration smears in breast cytology (Anderson et al, 1997; Hamilton et al, 1994, 

1995) and diagnostic assessment of melanoma (Stolz et al, 1993). 

AUTOMATED REASONING SYSTEMS 

Automated reasoning systems were developed to remedy a flaw in inference networks. The 
basic inference networks are vulnerable to exceptions in clue expression. For example, in a 
high-grade neoplastic lesion, one might expect to observe large nucleoli, but even though the 
sample clearly comes from such a lesion as suggested by all of the other clues, the nucleoli are 
not assessed as large. Such exceptions may lower the final probability of a correct diagnostic 
decision. Systems to be used in clinical practice must be able to handle such exceptions. Such 
systems must be provided with built-in knowledge that certain diagnostic clues may have 
multiple meanings, each of which should be considered by a different conditional probability 
matrix. When a clue expression is observed 
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during the processing of the sample that is not in agreement with the remainder of expressions 
found for the entire clue set, a correction is automatically made and an alternate conditional 
probability matrix is used. 
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Figure 46-25 Belief curve resulting from the assessment of a sequence of diagnostic clues 
in the evaluation of a prostatic lesion. Of the two diagnostic alternatives, the belief reaches 
a higher value for the outcome of “low grade intraepithelial neoplastic lesion.” 



A more advanced modification involves an information flow controller ( Bartels et al, 1995), 
which monitors the accumulation of probabilities for a final diagnostic decision. When, in the 
sequence of clue evaluations, an exception or erroneous assessment has been observed, all 
prior assessments may be set aside, the system backtracks, and a corrected belief curve is 
formed. This prevents the impact of an error on the final diagnostic decision. Systems with this 
kind of capability come close to automated reasoning capabilities. 

Inhomogeneous Training Sets 

In most practical applications of image analysis to cytology, the randomly selected cells are not 
homogeneous. For example, a training set of nuclei from an atypical hyperplasia of the 
endometrium will contain several types of nuclei, even when sampling is done within a 
histologically clearly defined region of a lesion. 

Nuclei randomly sampled in a region of colonic adenoma usually contain only a certain 
proportion of nuclei characteristic of this lesion. A sizable proportion of nuclei from histologically 
normal skin exhibit signs of solar-actinic damage (Bozzo et al, 1998). Under those 
circumstances, the processing sequence requires a repetitive or iterative approach. 

First, a training set of supposedly “normal” nuclei and a training set of nuclei representing a 
lesion are formed. For these two sets of nuclei, a discriminant function is derived and its 
distribution is plotted for both training sets. The most representative normal and abnormal 
nuclei are formed into new training sets. Anew set of features is selected and a new 
discriminant function is derived at first iteration. The classification rule is saved and applied to 
all nuclei recorded from normal skin. The distribution of new discriminant function scores sets a 
threshold for the existence of solar actinic damage. Seemingly normal cells expressing 
characteristics of progression to actinic keratosis may form only a very small subset that often 
escape notice during visual examination. This algorithm can be applied in assessing the 
efficacy of a chemopreventive intervention. 
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Unsupervised Learning 

Unsupervised learning algorithms allow one to probe whether a data set is homogeneous or 
whether it contains subsets. There exist a large variety of unsupervised learning methodologies 
(Anderberg, 1973; Everitt, 1974; Hartigan, 1975; Jardineetal, 1971; McClellan, 1971; 

Romesberg, 1984). Unsupervised learning algorithms will, by design, partition a data set into 
different subsets, often as many as specified by the user. However, the partitioning may not 

P.1700 

produce statistically different subsets. Therefore, the significance of the subsets must be tested 
by a multivariate statistical significance test. 

The choice of features is important. One may begin by arbitrarily choosing a set of usually 
effective features. For example, one might select features that discriminate between normal and 
highly abnormal cells. Often, supposedly homogeneous data sets (such as tumors of the same 
origin and diagnostic grade) contain cells that have markedly different feature distributions. One 
might then select two cases with the most pronounced difference to select features suitable for 
unsupervised learning. In any case, feature selection for an unsupervised learning 
procedure is, at best, an educated guess. By trial and error, other feature sets may be 
selected, but if no significant subsets are found, the data set is probably homogeneous. If 
subsets of nuclei with statistically significant differences are found, one can use these as 
tentative training sets and feature selection can take place by procedures used in supervised 
learning. This usually results in an effective feature set that can be submitted to the 
unsupervised learning algorithm. 

Avery effective unsupervised learning algorithm is the P-index procedure (McClellan, 1971). 

This algorithm starts by taking in the entire data set, where each cell is represented by the 
values of its several features. Next, it randomly generates two tentative cluster centers. Each 
cell is assigned to the cluster to which it is most similar in its feature values. For the two clusters 
thus formed, the centers are updated, which means that now some cells need to be re-assigned 
on the basis of similarity. The process continues until no re-assignments occur. For each 
cluster, the multivariate distribution is computed and a new cycle of reassignments is initiated. 

When no more reassignments occur, the process is restarted, with an initial random generation 
of three start-up cluster centers. This cycle is repeated as many times as the user specifies. 

Finally, the Beale statistic (Beale, 1969) is computed to establish which partitioning of the entire 
data set provides statistically the best fit, and whether the subsets thus formed are statistically 
significantly different. 

It is, at times, desirable to show the statistical significance of the formed subpopulations in a 
graphic mode. To visualize two statistically separated subsets, for example, in an 8-dimensional 
feature space, is difficult. In this case, one may process the eight features to form two linear 
combinations. Such a “Karhune-Loeve” expansion (Fukunaga, 1972) results in a projection of 
the data into a 2-dimensional display plane. Here, one can now show the clusters as bivariate 
distributions, with confidence ellipses for their bivariate mean values and tolerance ellipses for 
the data points representing the cells. Figure 46-26 shows an example. Nuclei from normal 
secretory endometrium form a homogeneous population. Nuclei from simple hyperplasia show 
two subpopulations, one very similar to normal cells, the other falling into the region of this 
display where highly abnormal nuclei are found. Nuclei from atypical hyperplasia also show two 
major subpopulations, both of which have feature correlations with highly abnormal cells. One 
of these two subpopulations falls into the region coinciding with the predominant subpopulation 
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Figure 46-26 Evaluation of nuclei from endometrial lesions, by unsupervised learning 
techniques. Eight karyometric features were used and submitted to the unsupervised 
learning algorithm P-index. For display purposes the eight features were combined into two 
linear combinations, formed to be “orthogonal” or independent of each other. The data can 
thus be projected down from 8-D space to a 2-D space. Normal endometrial glandular cells 
form a homogeneous population. In simple hyperplasia a near normal population is found, 
but there is a subpopulation that occupies in this display space a region in which abnormal 
cells are seen. In atypical hyperplasia there are two major subpopulations, both more 
similar to abnormal cells, and in adenocarcinoma again a homogeneous population is 
observed. (There are additional, smaller subpopulations, not shown here.) Ca, Carcinoma. 



Progression Curves for a Precancerous Lesion 

Progression curves were first defined in the context of measurement of efficacy of a 
chemopreventive intervention. They were meant as a descriptive statistic to show the trend of 
changes in nuclei from precancerous lesions. While it is certainly possible that lesions of 
increasing abnormality develop along such a trend line, or progression curve, the curve 
should not be interpreted as representing biologic behavior. Lesions may never progress 
beyond a certain point or they may directly develop from very low abnormality to a high-grade 
cancer. The progression curve, though, does offer the capability to document statistically 
regression due to an intervention. 

When the goal of the analysis is derivation of a progression curve of a lesion, the following 
processing steps are taken. Aset of control, or “normal” nuclei and a set of nuclei representing 
the most advanced lesion are recorded. A discriminant function is derived, not to estimate a 
classification rate, but to define a useful direction in feature space for a progression curve. The 
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discriminant function is saved. Next, the average discriminant function score for data sets 
representing lesions of different levels of abnormality, from normal through low grade and high 
grade, are computed. The average discriminant function scores are plotted against grade. This 
is shown in Figure 46-27 for nuclei from colorectal 
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tissue, recorded in normal rectal mucosa, in normal-appearing colonic mucosa far from an 
adenocarcinoma, mucosa adjacent to an adenocarcinoma, in adenoma, and in 
adenocarcinoma. 




Figure 46-27 “Progression” curve for nuclei from colonic tissues, recorded in normal- 
appearing mucosa remote from, and adjacent to, adenocarcinoma in adenoma and in 
adenocarcinoma. 



Similarly, a trend of progression can be shown for endometrial lesions (Bartels et al, 2000, 

2001; Garcia et al, 2001), as seen in Figure 46-28. Figure 46-29 shows a progression curve for 
nuclei from prostatic intraepithelial neoplasia or PIN (Bartels et al, 1998). Note that nuclei 
measured in the visually normal epithelium, from prostates harboring either low- or high-grade 
PIN or adenocarcinoma, appear on the progression curve between normal epithelium and low- 
grade PIN. The intervals on the abscissa here are arbitrary. The marks for the diagnostic 
categories are arbitrarily equally spaced and are shown at sharply defined locations. In truth, 
they represent fuzzy membership functions that overlap widely along the abscissa. Therefore, 
any confidence limits or measures of variability for mean discriminant function scores, plotted 
above those grade location marks, are not really appropriate. The progression curve follows the 
estimated mean values. Within each grade, the different cases should be projected sideways 
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onto the progression curve. The measure of variability confounds random variability and 
variation due to progression. 

Increased levels of abnormality or “progression” are better characterized by two independent 
criteria, such as a karyometric and a histometric measure. Bostwick and Brawer (1987) 
suggested that, in the progression of the prostatic PIN lesions, the basal cell layer becomes 
increasingly disrupted. This was used to define a progression curve for PIN lesions (Bartels et 
al, 1998). Figure 46-30 shows, along the abscissa, a binary representation of glands from PIN 
lesions, as provided by a machine vision system. The tissue was stained with hematoxylin and 
counterstained with an immunostain for cytokeratins. The feature extraction computed the 
number of gaps, gland perimeter length, proportion of gap length relative to gland perimeter, 
and gap size distribution. These features could be used as a measure of basal cell layer 
disruption. A measure of nuclear abnormality was used as ordinate (Bartels et al, 1999; Bartels 
et al, 2000). 

Another choice for the abscissa is the relative risk for the development of invasive cancer. This 
is shown for a progression curve for preinvasive ductal carcinomas of the breast. Average 
nuclear abnormality is plotted here over a relative risk scale (Bartels et al, 2000) as shown in 
Figure 46-31. The nuclei had been recorded from tissue lesions of 
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different architecture, such as cribriform ductal carcinoma in situ (DCIS), solid DCIS and 
comedo DCIS. 





diagnostic category 
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Figure 46-28 “Progression” curve for endometrial lesions. 



Avery informative plot is obtained when a discriminant function score, based on a small number 
of selected features, is plotted on the ordinate and a nuclear abnormality measure is plotted on 
the abscissa. For nuclear abnormality, all measured features are considered. This is shown for 
atypical hyperplasia of the endometrium and endometrial carcinoma in Figure 46-32. 

The data from grades 1 , 2, and 3 of endometrial carcinoma are tightly grouped. The data from 
atypical hyperplasia with co-existing adenocarcinoma (measured in the atypical hyperplasia 
component) can be shown to comprise three statistically different subpopulations of nuclei of 
varying degree of abnormality. Three subpopulations can also be shown to exist in the atypical 
hyperplasia lesions without co-existing adenocarcinoma, with the third subpopulation falling into 
the range of “normal” endometrial cells. 




Figure 46-29 “Progression” curve for prostatic intraepithelial neoplastic lesions. Note the 
deviation from normal seen in nuclei from histologically normal appearing tissue of 
prostates harboring either a low- or high-grade PIN, or adenocarcinoma. 
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histomctric variable: disruption of basal cell layer 



Figure 46-30 “Progression curve” for prostatic intraepithelial neoplasia, based on a 
histometric measure (abscissa), and a measure of nuclear abnormality. This curve is not 
distorted by an arbitrary spacing of diagnostic categories along one of the display axes. 



A different situation arises when the cells exhibiting evidence of progressive change constitute 
only a small fraction of all cells, whereas most other cells are normal or near normal in 
appearance. One option is to assess the state of progression by computing some measure of 
deviation from 

P.1703 

normal for all cells in the sample, and to set a threshold for cells adjudged to be “not normal.” 

The proportion of those cells is plotted on the ordinate. For a certain fraction of these cells, 
e.g., the 10% with the highest deviations from normal, an average measure of abnormality is 
computed to serve as abscissa. Such a progression curve is shown for solar keratotic lesions in 
Figure 46-33. Here, the averaged discriminant function score for the 10% most deviating cells 
was computed (Bozzo et al, 2001). 
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Figure 46-31 Mean nuclear abnormality for nuclei from preinvasive breast ductal lesions, 
plotted as a function of relative risk for the development of infiltrating disease. 
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Figure 46-32 “Progression” curve for subpopulations of nuclei in premalignant and 
malignant lesions of the endometrium. In atypical hyperplasia three distinct subpopulations 
are seen, in cases with co-existing adenocarcinoma and in cases where no 
adenocarcinoma was documented. In the latter cases, the subpopulations have a lower 
nuclear abnormality, the third subpopulation falls in its nuclear abnormality values into the 
near normal range. Ca, carcinoma. 
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Figure 46-33 Use of a lesion progression curve to demonstrate efficacy of 
chemopreventive intervention. For 10 cases the change in a measure of solar keratotic 
damage in nuclei after treatment with difluoromethylornithine (DFMO) (an agent used in 
treatment of solar keratoses) is shown. 



AUTOMATION OF PRIMARY SCREENING FOR CERVICAL CANCER 

Efforts to automate the tedious process of primary screening of smears for cervical cancer go 
back for 40 years to the “Cytoanalyzer” (Tolies et al, 1956). This machine was based entirely on 
analog signal processing, with a flying spot scanner. Given the state of technology at the time, it 
was a most remarkable accomplishment. However, the designers had greatly underestimated 
the complexity of the problem; for instance, the device could not deal with clusters of leukocytes 

R1704 

and also would declare a sample as “normal” if it contained no cells at all. 

There followed the development of a number of experimental systems, such as the CYBEST 
system (Tanaka et al, 1973, 1977 A, B, C, D, E), the TUDAB system (Burger, 1976; Abmayr et 
al, 1979), the BIOPEPR system (Zahniser, 1979), CERVIFIP 1987 (Tucker et al, 1983), 

FAZYTAN (Reinhardt et al, 1982), and LEYTAS (Ploem et al, 1987). 

The foundation for machine recognition of cervical cells had been well established (Wied et al, 

1976; Pressman et al, 1979; Grohs et al, 1994). However, to accomplish correct cell recognition 
rates on material prepared, not under rigid laboratory conditions, but in a clinical setting, proved 
difficult at that time. 

Technologically, an automated screening system poses a formidable challenge. 

Screening an entire slide at a sampling density that provides an adequate number of pixels so 
that moderate changes in nuclear size and the structure of nuclear chromatin can be reliably 
characterized involves the recording of several gigabytes of data. The data reduction task is 
enormous — from several gigabytes of photometric data to a few bits of information defining the 
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diagnosis of a slide — a ratio of about 1 billion to 1 ; this must be done without loss of diagnostic 
accuracy. 

Primary screening is a search for possibly rare events. To assure, with high probability, 
the detection of a very small proportion of abnormal cells, a very large sample size must be 
examined, probably not less than 50,000 to 100,000 cells (Bartels et al, 1976). Unfortunately, 
economizing strategies, such as sampling only of a smaller number of representative fields, 
cannot be employed, since the abnormal cells are not randomly distributed on the slide. 

The discovery of the MAC (malignancy associated change) in cervical squamous cells raised 
hopes that the search for rare events could be replaced by measurements of abundantly 
available intermediate squamous cells. The MAC effects, though, are subtle and possibly not 
robust enough to allow reliable detection. 

Economic considerations suggest that an automated screening device should process a slide 
within 3 to 5 minutes. The required read-out rates of 100 MHz and more have only very recently 
become possible. 

A point spread function, adequate to resolve fine detail, is only offered by high numerical 
aperture objectives. Such objectives provide only a limited field of view. This, in turn, implies 
very time consuming multiple steps and repeat field data acquisitions. 

All of these problems notwithstanding, two commercial systems for the screening of cervical 
smears were approved by the US Food and Drug Administration: AutoPap (Tri-Path Imaging, 

Inc, Burlington, NC) for automated scanning of low-risk smears, and PAPNET (Neuromedical 
Systems Inc, Suffern, NY). The latter is no longer being manufactured because of bankruptcy 
of the company. Both devices performed rather well by providing clinically useful data. 

The automated screening for cervical cancer brings up a fundamental problem. A slide that is 
processed by an automated device and assessed as “normal” is not going to be reviewed. It is 
clear that the machine has made a diagnostic decision. It is a decision that, until now, has been 
the responsibility of a trained professional with long term experience. Although an automated 
device can be entrusted with this task under well-defined conditions, the process of how a 
system arrives at a diagnostic decision deserves very careful consideration (Bartels et al, 1998; 

Bartels, 2000). 

This problem is partially resolved in devices that operate essentially in a “dry enrichment” 
mode. The automated device finds objects that potentially might be abnormal cells and presents 
their images to a cytologist, who renders a diagnostic decision. This principle was incorporated 
into the PAPNET system. Most recently, a similar device, ThinPrep Imaging System (Cytyc 
Corp., Boxborough, MA), has been introduced as a semi-automated cell imaging system to 
facilitate screening. The system is based on a proprietary nuclear stain and computer scanning. 

This approach avoids many of the difficulties of a fully automated device, although, even here, 
the system relies on the ability of an automated module to detect objects for presentation to 
visual review with great reliability. 

In reference to organs other than the cervix, the PAPNET system performed rather well on 
cell samples of sputum (Hode et al, 1996) and esophagus Koss, et al, 1998). 

METHODS 

Image Data Acquisition: Videophotometry 

Images are almost exclusively recorded on videophotometers (Bartels et al, 1994). A 
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videophotometer consists of a research microscope with a computer controlled precision stage, 
a highly stabilized light source, a CCD type videocamera, a frame grabber, and a computer. An 
important, and often not mentioned, component is an image acquisition software package that 
includes a comprehensive calibration procedure. 

Optics 

For karyometry, oil immersion objectives are the rule. Atypical example is a 63:1, numerical 
aperture (NA) 1.40, flat field type of objective. In histometry, a preferred choice is a 20:1 NA 
0.75 flat field objective. 

Images in karyometry are usually recorded at 4 to 6 pixels per micron and in histometry at 2 
pixels per micron. This represents some oversampling to allow for the loss in band width, image 
sampling at the CCD video camera (see below), and signal transduction to the frame grabber. 

The image sampling rates are adjustable by the relay optics, by the choice of focal length for 
the projective that projects the image directly onto the face of a CCD, or by a pancratic 
projective, i.e., a zoom system. One may compute the effective sampling rate at the face of the 
vidicon (Bartels and Thompson, 1994), or one may project an object micrometer onto the 
videoscreen and measure it directly. 

Awell corrected condenser, preferably an aplanatic-achromatic system, is essential. One may 
also use a 16:1 NA 
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0. 40 plan-apochromatic objective mounted invertedly, as a condenser for karyometric work. 

There is a trade-off to be considered between photometric accuracy and spatial resolution. For 
emphasis on accurate microphotometry, the condenser aperture should not exceed 0.30 in 
order to limit the deviation from a strictly parallel beam path. However, when micromorphometry 
and chromatin texture are of prime interest, one may choose a larger aperture on the condenser 
side so that the sacrifice in lateral resolution is not so severe. Whatever the chosen setting, it is 
absolutely essential to keep the condenser aperture iris fixed for all measurements. Any 
resetting might affect the contrast transfer function of the system. It is best, in fact, to lock the 
aperture stop control. 

For most image analytic tasks strictly stoichiometric staining and highly linear photometry is 
not absolutely necessary. Good reproducibility, though, is essential. A videophotometer is not, in 
principle, ideally suited as a photometric device. Videophotometry is based on image scanning, 

1. e., the entire image is illuminated at the same time. Thus, stray light from all object points may 
fall onto the detector element recording the OD value for a given pixel. For this reason, one can 
rarely assume a precision of better that 1%, i.e., of approximately 7 bits. Stray light errors of 
this nature are not amenable to ordinary correction measures since they depend on how many 
objects are in the field of view and how much each object scatters to contribute to stray light at 
a given pixel. 

The choice of a video camera requires careful consideration. Most cameras now are of the 
CCD type. It is preferable to have a camera with elements equidistantly spaced in x and y 
direction, and to have square pixels. Cameras with very large CCD arrays often have a number 
of nonfunctioning sensor elements. The camera should have adequate sensitivity so that a 
response of 255 light values can be reached using an oil immersion objective with a narrow 
bandpass spectral filter in place. Particularly in digital cameras, one might want to test 
sensitivity to be sure one can indeed obtain a full 8 bit of photometric resolution. It must be 
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possible to shut off the automatic gain control. The camera should provide separate red-green- 
blue (RGB) output, and not just a composite signal. In color CCD cameras, one should 
determine the positions of the spectral bands. It is highly desirable for the camera to have 
separate gain controls for the RGB channels, and separate black level adjustments. This 
adjustment is done first, since it affects signal level. In a three chip CCD camera without 
separate gain adjustments, one would adjust saturation for the camera's most sensitive channel 
and accept, without changes, the gain in the other two channels. In all gain adjustments, it is 
preferable to adjust the light source and to keep the camera gain to a minimum to reduce the 
noise level. A pixel noise of 3% is not unusual. 

Data acquisition software, therefore, usually averages 4 to 8 frames before storing the image 
to reduce pixel noise. Some frame grabbers provide black level and gain adjustments as well. 

The final settings, thus, are always an iterative process. It is advisable to establish beforehand 
whether a given camera is compatible with a given frame grabber and whether a given frame 
grabber will work with a particular computer. 

Afurther consideration is the “fill factor” of the CCD camera. In many CCDs, the light sensitive 
elements are small and the space among them is occupied by circuitry. Small structures may be 
imaged onto an obscured area. The effect can be differences in feature values for the same 
object when moved laterally under the microscope, and then rerecorded. 

Digital cameras frequently pose a problem with focusing the microscope. Under oil immersion, 
it is very difficult to focus when the camera is providing only 12 frames per minute. One might 
need a separate real time output from the digital camera for focusing. 

The light source should be regulated to millivolt accuracy. When an oil immersion objective is 
used with a contrast filter, the source is usually run close to its maximum voltage in order to 
provide adequate illumination. Even very small voltage fluctuations may lead to differences of 
several light intensity values, since under those conditions, the radiance of the source changes 
steeply with the voltage. Adjusting the light source leads to a change in the source color 
temperature: increased voltage makes the light emission in the blue range higher, but the red 
end of the emission spectrum may increase even more. In adjusting the source in an attempt to 
reach saturation for the blue channel, the red channel may become over illuminated. It is best to 
insert a blue filter of the type that is used to adjust the color temperature of a tungsten source 
to the spectral sensitivity of daylight film. By choosing a filter with appropriate characteristics 
and adjusting the source, one can attain correct illumination levels for both the red and the blue 
channels. Rigorous calibration is an absolute prerequisite for reproducible results. It 
involves the following steps. 

The microscope is set up for Koehler illumination, i.e., the objective is focused on the 
specimen, and the condenser is focused so that the field iris is in focus together with the 
specimen. The condenser should be centered and the field iris opened so that it just disappears 
at the edge of the field of view. In most microscopes, the aperture stop is then also 
appropriately focused. The aperture stop should be fixed. Even a small adjustment can 
significantly alter the photometric response. Ideally, the aperture stop should be locked. An 
empty object area is moved under the objective. The source is adjusted until the camera 
response histogram reaches light intensity values in the 200-250 value range. No pixel value 
should exceed that level as seen in Figure 46-34. The intensity value histogram should be 
unimodal and sharply peaked. 

Response linearity is established as the next step. This is done by introducing neutral density 
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filters of known optical density. To establish a full transmission value (or zero optical density), a 
fully transparent thin glass plate is inserted into the beam path, to allow consideration of the 
reflection losses incurred during insertion of the neutral density filters. This plate is then 
removed and a sequence of independently calibrated optical density filters is inserted. For 
each, the camera response is recorded, for instance for a sequence such as OD 0.10, 0.20, 

0.40, 0.60, 0.80, 1.00, 1.20, and 

P.1706 

1 .6. These values form the calibration curve relating observed camera responses to true OD 
values as shown in Figure 46-35. The software establishes a look-up table for later conversion 
of all pixel light intensity values to optical density. The clear glass plate is inserted again. 




light transmission values 

Figure 46-34 Demonstration of camera set-up. The illumination is adjusted so that no pixel 
value exceeds the value of 255. The distribution of pixel light intensity values should be 
unimodal and sharply peaked. 



Background correction is the next step. An empty field is recorded and stored. The stage is 
moved to several other locations with empty fields. All these images are averaged. This serves 
to eliminate small imperfections on the slide. The averaged clear background mask is stored. It 
allows consideration of any unevenness of illumination and it establishes 100% transmission for 
every pixel. It is essential that every time the light source is re-centered or refocused, the 
condenser is refocused or re-centered or, what should be avoided, the aperture stop is reset, 
the background correction mask be re-established. Some commercial systems offer a “life-time 
calibration” built in, and without software to conduct an independent check or recalibration. This 
is an undesirable procedure. 
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Figure 46-35 Calibration curve for light intensity values to optical density values, measured 
to establish a look-up table. 



CONCLUSIONS 

Quantitative measurements in cytopathology and histopathology have been shown to provide 
insight into the sequence of events in the development of disease. They can reveal subtle 
differences in cells and tissues too inconspicuous to be noticed by visual inspection. The 
statistical and spatial distribution of the nuclear chromatin, in particular, has been shown to 
provide a reliable indication of the metabolic state of a cell and to reflect early phenotypic 
changes. 

Mathematical analytic and multivariate statistical procedures have provided practical tools to 
extract objective data which eventually may form the basis for numerically defined diagnostic 
standards. 

Quantification can be expected to become a valuable adjunct to existing cyto- and 
histopathologic diagnostic procedures, as is the case already with specific applications. One 
should not expect a diagnostic assessment of a clinical sample by an objective, but essentially 
automated process to result in a sophisticated interpretation at par with an experienced 
professional. However, just because of the variability of professional experience and its 
individual uniqueness, visual diagnostic assessment is subjective. There is much inter-observer 
disagreement in diagnostic assessment of cells and tissues, as repeatedly stressed in this 
book. The information technology offers image data bases, digital image displays, reference 
data, and numeric comparisons that could greatly reduce the inter-observer variability. There is 
the potential for technology to provide advanced diagnostic expertise in situations where human 
resources with comparable knowledge are just not available. 
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Quantification and numeric data allow a highly specific characterization of nuclei, cells and 
tissues. This capability may permit proper consideration of the diversity in pathologic 
processes. Variability in numeric data in diagnostic pathology must be attributed to at least three 
different causes: true random variability, variability within a given diagnostic category or grade 
due to progression, and variability caused by true diversity. 

This can be overcome, to some extent, by numerical analysis and a very specific 
characterization of lesions. Numerical analysis may also serve to identify diversity of nuclei of 
different phenotypes, to follow different pathways of progression, or to identify neoplasms with 
different relative risk for progression to invasive cancer. 
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Flow Cytometry 

Myron R. Melamed 

HISTORICAL OVERVIEW 

Cytometry is the science of cell classification and analysis based on cell 
measurements. It represents an effort not only to quantify by objective measures the 
diagnostic cell features that are interpreted subjectively by the human microscopist, but also to 
quantify constituents and functional attributes of the cell that may not be apparent by light 
microscopy and, nevertheless, play an important role in defining the cell or its functional state. 

By flow cytometry, we mean the technique of measuring cells in suspension as they 
flow in single file through a measuring sensor. It has a number of advantages, among them 
the ability to measure large numbers of cells individually in a few seconds, to make and record 
several different measurements simultaneously on each cell, and to control staining conditions 
precisely and equally for all cells. 

The beginnings of cytometry are properly attributed toTorbjorn Caspersson (1940, 

1950), who first demonstrated that nucleic acid content and protein in the unstained cell could 
be quantified by measuring absorption of light in the ultraviolet and visible spectrum, 

respectively. Both measurements varied depending on cell function and were increased in 

* 

cancer cells. 

In a later microspectrophotometric study, Leuchtenberger et al (1954) confirmed the increased 
DNA content of cells from malignant, compared with benign, human tissues. At the same time, 

Mellors, with Keane and Papanicolaou (1952), demonstrated that dysplastic and cancer cells 
in cervical cytology slides had increased nucleic acid content, and suggested that this 
might be the basis for automated examinations of the cytology slide (Table 47-1). 

Friedman (1950) and Mellors and Silver (1951) introduced fluorescent nucleic acid dyes to 
gynecologic cytology. Ruch (1966) later provided the physical basis for the more precise DNA 
measurements obtained by fluorescent Feulgen 

P.1710 

and other fluorescent DNA stains compared to what was possible with absorbing dyes. 



TABLE 47-1 ABSORPTION MEASUREMENTS OF UTERINE CERVICAL SQUAMOUS 

CELLS 



Papanicolaou Cytology Class Absorption (Arbitrary Units) 260 mp 



I, II (benign squamous cells) 



0.24 ±0.10 
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I, II (benign parabasal cells) 0 33 ± 0 15 a 

III (dysplasia/suspicious) 0 51 ± 0 22 a 

IV V (malignant) 0 .54 ± 0.23 a 



Significant difference. 

After Mellors R, Keane JF, Papanicolaou GN. Nucleic acid content of the squamous 
cancer cell. Science 116:265-269, 1952. 



The concept of counting and later measuring cells in suspension as they flowed though a 
measuring station reached first practical application with the Coulter Counter in the mid-1950s. 
This instrument recorded a change in electrical potential as each of the individual cells in salt 
solution passed between electrodes in an electrical field (Fig. 47-1) (Kachel, 1990). Until the 
invention of multiparameter flow cytometry by Kamentsky et al in 1965, however, there 
was no way to make photometric measurements of cells in flow as had been made on glass 
slides. Kamentsky et al (1963) had confirmed Mellors' work by scanning benign, dysplastic and 
malignant uterine cervical squamous cells on slides and demonstrating increased absorption of 
neoplastic cells at dual wavelength measurements optimum for nucleic acids and for proteins 
(Fig. 47-2). While this suggested a possible means of screening for precancerous lesions of the 
uterine cervix, the process of scanning cells on slides was then much too slow for practical 
clinical application. High-intensity laser light sources and modern era computers were not 
available at that time. In addition, there were enormous technical difficulties with background 
noise, maintaining focus, discriminating and analyzing individual cells, and separating reactive 
from neoplastic cells. On the other hand, the flow cytometer could carry out simultaneous 
measurements of two or more features on each of several thousand cells in a few 
seconds. It had other advantages, as well, that included separation and ready discrimination of 
single cells, greater uniformity of staining for the cells in suspension, and better precision of 
measurements including measurements of DNA 
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Figure 47-1 Diagrammatic representation of Coulter counter flow chamber. Cells in 
suspension are made to flow from one chamber into the other through a small orifice. The 
electrical signal generated by each cell is recorded as it traverses the orifice, providing a 
cell count and also an indicator of cell size. (From Kachel V. In Melamed MR, Mullaney PF, 
Mendelsohn ML (eds). Flow Cytometry and Sorting. New York, Wiley, 1979.) 



There was strong motivation at that time to develop an automated instrument for cervical 
cytology screening and grants for that purpose from government and industry funded much of 
the early research and development (see Melamed, 2001, for a historical review). A clinical trial 
to screen cervical cytology specimens with a prototype flow cytometer built by Kamentsky was 
reported by Koenig et al (1968) who examined specimens from 1,155 high-risk patients. Only 
45% of cervical cytology samples were adequately cellular; of these, the instrument selected a 
very large proportion, namely 35%, as abnormal. Although the selected samples included 85% 
of the proven positive cases, the results were not good enough for a clinical instrument. There 
were no futher trials of flow cytometry for cervical cancer detection in the United States. 

In Kamentsky's flow cytometer, cell flow was perpendicular (i.e., orthogonal) to the direction of 
the excitation beam of light (Fig. 47-3). In an instrument developed independently at almost the 
same time by Dittrich and Gohde (1969) in Germany, cell flow was parallel (i.e., colinear) with 
the excitation beam (Fig. 47-4). Very precise measurements could be obtained as the cells 
passed through the focal plane of the beam, with coefficients of variation (CVs) below 2%. 

Gohde and Dittrich (1970) also were the first to make use of energy transfer between the 
fluroescent dyes ethidium bromide and mithramycin to achieve high intensity fluorescence 
staining of DNAin cervical cytology samples. They reported successfully detecting the 
neoplastic cells in clinical cervical cytology samples (Gohde et al, 1972). 

Since its invention over 40 years ago, flow cytometry instruments have been extensively 
modified and improved and many new techniques of specimen preparation and staining have 
been designed specifically for these measurements (see below and appendix to this chapter). 

The very sophisticated, computer-interfaced flow cytometers available today are 
capable of six or more simultaneous measurements on each of the thousands of cells 
in a sample, with analysis and graphic presentation of the data within a few minutes. Many 
biochemical, physiologic, and molecular cell features now may be quantified by flow cytometry 
(Table 47-2). There are two important clinical applications: (1) measuring DNA content 
of tumor cells to distinguish diploid from aneuploid tumors and display tumor cell 
cycle distribution (i.e., proliferative activity), and (2) diagnosis and classification of 
leukemias and lymphomas by expression of cellular antigens. Thus, although the original 
objective of automatically screening cervical cytology specimens was never achieved, flow 
cytometry has become an essential research and clinical laboratory instrument with many other 
applications. 

P.1711 
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Figure 47-2 Absorption patterns of three cells from a cervical smear at different 
wavelengths. Scanning at 2,652 A corresponds to absorption by nucleic acids, scanning 
at 2,976 A corresponds to absorption by certain other proteins, scanning at 5,460 A 
corresponds to visible light. The cell on the left is a normal squamous cell, whereas the 
cells designated as A and B represent varying degrees of abnormality. Cell A is 
dyskaryotic, closely resembling the benign cell on the left, except for an enlarged and 
hyperchromatic nucleus. Yet its absorption pattern in ultraviolet light (2,652 A) reveals a 
marked increase in the cellular content of nucleic acids. In cell B, which is a frank 
squamous cancer cell, there is a further increase of the cellular nucleic acids to the point of 
partial obliteration of the nuclear peak. (Modified from Kamentsky LA, et al. Ultraviolet 
absorption of epidermoid cancer cells. Science 142:1580-1583, 1963.) 
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Figure 47-3 A. Schematic representation of an orthogonal flow cytometer. The cells in 
suspension are injected in single file into a fluid stream that aligns them in the center of a 
quartz glass channel. The channel measures 100 pm in diameter, large enough to avoid 
clogging. As each cell passes through the focused beam of laser light, it excites a 
fluorescence flash that is collected, quantified by a photomultiplier, and recorded by 
computer for graphic display and analysis in “list” mode. The more sophisticated research 
instruments have two additional laser excitation beams increasing the number of 
measurements made on each cell. Light scatter signals give information on cell size and 
texture. B. Diagram showing laminar flow injection of cells into a fast moving stream of 
sheath fluid that orients asymmetrically-shaped cells and centers them in the flow channel. 
The flow may be up or down. 
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sample inlet 



Figure 47-4 Diagram of Gohde's colinear flow cytometer. Cells flow along the vertical 
optical axis. Peak fluorescence is measured as the cells pass through the focal point of the 
beam, after which they are washed to the side and away by another stream of fluid. (From 
Gohde W, et al. In Melamed MR, Mullaney PF, Mendelsohn ML (eds). Flow Cytometry and 
Sorting, New York, Wiley, 1979.) 



PRINCIPLES 

Photometric measurements are carried out on cells in suspension, flowing one at a 
time in a single file at a very rapid rate through a measuring beam of light. In 

Kamentsky's original instrument, light absorption by the cell was measured at two different 
wavelengths in a flow channel orthogonal (perpendicular) to the incident beam of light. He and 
others soon turned to measurements of fluorescence, which had the advantage of 
measuring light emitted against a dark background, and is much more sensitive and more 
precise than measurements of absorption (Dittrich and Gohde, 1969; Hulett et al, 1969; 
Kamentsky and Melamed, 1969; Van Dilla et al, 1969). For appropriately stained cells, there is a 
linear relationship between the fluorescence intensity and the amount of fluorophore (i.e., 
fluorescent dye) bound to a particular cellular constituent. The measurements are accurate 
because most cells have very low intrinsic fluorescence at the wavelengths measured. In 
contrast, the relationship between signal and cell constituent for absorbing dyes is logarithmic 
and high resolution scanning is necessary to reduce the distributional error of particulate and 
uneven staining. 

There are many fluorescent DNAand protein stains available and a growing number of 
monoclonal and polyclonal antibodies to specific cellular components that can be tagged with 
fluorescent markers. It is possible to stain and measure three or more different cellular 
constituents simultaneously, using several fluoresent dyes with different emission spectra 
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excited by a single laser. With dual or triple laser instruments, suggested long ago by Shapiro 
(1983), dyes with different excitation wavelengths can be used, permitting simultaneous 
measurements of even more cellular 

P.1713 

constituents. A method for six-color, dual laser immunophenotyping of leukocytes by laser 
scanning cytometry (see below) was described by Gerstner et al (2002). 

TABLE 47-2 PARTIAL LIST OF CELLULAR FEATURES MEASURABLE BY FLOW 

CYTOMETRY 

Morphology 

Cell size/shape 
Nuclear size/shape 
Cytoplasmic texture 
Chromatin structure 
Nucleolar content 
Chromosome karyotype 
Cytoskeleton 
Biochemical Features 
DNA content 
AT/CG ratio 
RNA content 

Single- vs. double-strand nucleic acid 

Total protein 

Specific protein 

Cellular products 

Ca ion (free, bound) 
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Enzyme kinetics 
Functional Attributes 

Cell cycle distribution 
DNA synthesis 
Mitosis 
Cell viability 
Apoptosis/necrosis 
Mitochondrial function 
Intracellular pH 
Sperm fertility 
Cell membrane integrity 
Cell surface receptors 
Antigen expression 
Cell surface charge 
Cell membrane potential 
Phagocytosis/endocytosis 
Oxidative burst 
Lymphocyte activation 
Miscellaneous 
Classify bacteria 
Plant cell studies 
Microalgae 
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Viral cytopathic effect 
Malaria assay 
Drug effect 
Toxicology 
Mutagenesis 
Cell migration 
HLA typing 

Microsphere immunoassay 



Light Sources 

Most commercial flow cytometers use an Argon ion laser, which emits a narrowly focused (~5 
pm) beam of near UV monochromatic blue light (488 nm). It is a very stable light source. The 
most useful fluorescent dyes have excitation maxima near this wavelength (see below). The red 
heliumneon laser (633 nm) is becoming more common as a second excitation source, and 
new fluroescent dyes have been designed for excitation at this wavelength (Mujumdar et al, 
1993). The krypton and helium-cadmium lasers (325 nm), which have been used for 
excitation in the ultraviolet, are expensive and unstable and will probably be replaced by 
inexpensive violet diodes (400 nm) that are now available. Excellent instruments, made 
primarily in Europe, use mercury arc or halogen lamps for excitation. 

Laminar Flow 

One of the problems encountered with the earliest flow cytometers was clogging of flow 
channels, made narrow enough to keep the cells in single file, and centered as they passed 
through the focus of the laser light beam. If the channel is too narrow, it may be obstructed by a 
single large cell or by small groups of cells that were not adequately dissociated. If the channel 
is very wide, the cells will wander off center with loss of precision of measurement. All 
instruments now use laminar sheath flow to minimize this problem (Crosland-Taylor, 1953). The 
suspension of cells is slowly injected into the center of a faster flowing stream of fluid; the latter 
provides a laminar sheath of fluid that surrounds, aligns and centers the cells (see Fig. 47-3B). 
In this way, channels with a diameter of 100 pm are in common use and cell flow is maintained 
in a very narrow central stream without clogging. 

Light Scatter 

There are two additional measurements freely available with every measurement of 
fluorescence using laser light excitation: forward or narrow angle light scatter, and right angle 
(wide angle) light scatter. Regardless of the fluorescence marker, the cell constituent measured, 
or the wavelength of excitation, it is possible to measure the intensity of the excitation laser light 
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deflected by the cell at narrow forward angles (2°-5°) and at right angle (90°). Forward angle 
scatter is an indicator of cell size (Mullaney et al, 1969). Right angle scatter is caused by 
intracytoplasmic organelles larger than 0.5 pm; thus, cells with more granular 
cytoplasm scatter more light at right angles. These features were used by Salzman et al 
(1975) to distinguish different types of unfixed, unstained leukocytes in blood, and are now the 
basis for automated differential white blood cell counts of blood and bone marrow (Fig. 47-5). 
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Figure 47-5 Discrimination of unstained blood leukocytes by light scatter. Narrow 
angle (forward) scatter is on the vertical axis and wide angle scatter on the horizontal axis. 
The red blood cells are smaller than white cells and have lower forward scatter. The 
monocytes are slightly larger than other white cells and have slightly greater forward 
scatter, but the three classes of white cells (lymphocytes, monocytes, and granulocytes) 
differ primarily by wide angle scatter due to differences in cytoplasmic granularity. 
Basophils and eosinophils, which also have distinctive light scatter properties, are not 
shown here. 



Pulse Width Measurements 

Cell size can also be determined by “pulse width” measurements: by the duration of the 
fluorescence or light scatter pulse generated by the cell as it traverses a narrowly focused 
excitation beam (Sharpless et al, 1976). In a sense, this is the width of the shadow of the cell or 
the width of its fluorescence signal as it crosses and interrupts the excitation beam. Similarly, 
nuclear size can be determined by the width of a nuclear fluorescence pulse. These measures 
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of cell or nuclear size and cell granularity, as determined by forward angle or pulse width 
measurements and right angle light scatter, are useful in studies of all cell types. 

Cell Sorting 

Perhaps the single greatest limitation of flow cytometry is the inability to correlate visually 
classified individual cells with their particular measurements (see also laser scanning 
cytometry, below). Some clues come from studies of pure populations of cells, but only in 
strictly limited applications, such as the differential counts of peripheral blood cells. The 
correlations are usually not a problem in experimental studies of uniform cell populations, but 
they can be quite vexing 

P.1714 

in trying to analyze mixed cell populations in human clinical samples. 

In an attempt to solve this problem, Ehrlich et al (1969) and Finkel et al (1970) scanned 
unstained cervical epithelial cells in flow using a flying spot scanner. Wheeless and Patten 
(1971 , 1973) obtained low resolution information by analyzing the absorption or fluorescence 
pulse contours of cells traversing a thin band of excitation light (slit scanning). Kachel et al 
(1979) used a nanosecond flash that was activated by a cell volume sensor to capture cell 
images at a rate of 150/sec. None of these very imaginative approaches found further 
application. 

Cell sorting by flow cytometry proved more successful. It served two purposes: (1) 
diagnostic, to select and inspect the cells with particular flow cytometry features or 
measurements so they can be classified visually, (2) preparative, in order to collect a pure 
population of cells chosen by flow cytometry for further biologic or biochemical study. 

Kamentsky and Melamed (1967) devised a diagnostic fluidic sorter to determine if proposed 
spectrophotometric features had correctly identified cancer cells by flow cytometry of cervical 
cytology specimens. The selected cells were diverted into a side channel by a fluidic pulse and 
collected for later visual examination. While it served this purpose, sorting was slow and the 
sorted cells were frequently accompanied by other contaminating cells. 

Afaster and more efficient preparative sorter based on principles of the inkjet printer (Sweet, 

1965) was adapted to an electronic cell sizing flow cytometer (Coulter counter) by Fulwyler 
(1965) and, several years later, to fluorescence measurements in a flow cytometer by Hulett et 
al (1969). The cells in the flow chamber are ejected downward through a narrow orifice where 
the stream in air intersects the excitation beam of laser light. There is an electrical charging 
collar at the orifice and, if a cell with previously defined characteristics is identified, the column 
of fluid receives an electrical charge. The stream is made to break into uniform droplets by an 
ultrasonic pulse. The droplets pass between charged electrostatic plates. If the droplet 
containing a cell is charged, it is diverted into a collecting vessel (Fig. 47-6). Sorting may have 
to go on for several hours to obtain the needed number of a small subset of cells, but the purity 
of the sample is very high. Chromosomes have been sorted in the same manner to obtain 
nearly pure populations of each chromosome for the human genome project (Gray et al, 1987). 
High-speed sorting has also been used to select pure populations of cytoplasmic organelles. 

Thus, the procedure is valuable for research, but technically demanding and time-consuming, 
and cannot be applied to routine examinations of clinical specimens. 



FLOW CYTOMETRY COMPARED WITH HIGH-RESOLUTION IMAGE ANALYSIS 

Acomparison of these two methods is inevitable, though they are entirely different. Cell 
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analysis and classification by high resolution image analysis is based entirely on morphology 
(see Chap. 46), classification and analysis by flow cytometry is based primarily on the 
constituents and functional attributes of the cell, with less attention to morphology. The two 
methodologies are compared in Table 47-3. 
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Figure 47-6 Electrostatic droplet deflection cell sorter. The excitation laser beam is 
focused on the stream of fluid as it exits the orifice of the flow channel (observation point). 
When a desired cell is identified, a charging collar at the flow channel orifice gives a small, 
pulsed electrical charge that is retained as the cell stream breaks into droplets. The 
charged droplets containing the desired cells are deflected by a charged plate and are 
collected in a vessel. (From Shapiro HM. Practical Flow Cytometry, 3rd ed. New York, 
Wiley-Liss, 1995.) 



PREPARATION OF BIOLOGIC SPECIMENS 

Flow cytometry analyses can be performed on any cell suspension and have been carried out 
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on peripheral blood, bone marrow, effusions, spinal fluid, urine, sperm, bacteria, algae, plant 
cells and insect cells. These samples require little or no preparation because the component 
cells are already dissociated. It is also relatively easy to prepare single cell suspensions from 
cultured cells. 

R1715 



TABLE 47-3 COMPARISON OF FLOW CYTOMETRY WITH HIGH-RESOLUTION IMAGE 

ANALYSIS 



Measurements 


Image Analysis 


Flow Cytometry 


Applicable to 
Cells 


Fixed cells on 
slides 


Fresh or fixed cells in suspension 


Cell Selection 


Selected by 
examiner 


Non-biased selection of cells in the sample 


Correlation 
With Light 
Microscopy 


Yes 


Difficult, needs preselection of cell type or 
cell sorting 


Features 

Measured 


Detailed cell and 
nuclear 

morphology. DNA 
content and 
nuclear texture 


Global measurements of cellular and nuclear 
features, cytoplasmic texture. DNA, RNA 
protein content, antigen expression. 
Proliferative status, apopotosis, other 
physiologic features, reactions over time. 

See Table 47-2. 


Measurement 

Speed 


Slow. Many 
measurements/cell 


Very fast: 100-1,000 cells/sec 
Few measurements/cell 


Stains and 
Probes 


Absorbing 


Fluorescent 


Data Analysis 


Complex 


Rapid, often online 


Data 

Presentation 


Cell images and 
histograms 


Histograms/graphics 


Tissue Assays 


Yes 


No 



On the other hand, solid tissues that are of interest to pathologists are not readily dispersed. 
The specimens easiest to process are samples obtained by fine-needle aspiration or by 
scraping the surface of a freshly resected surgical specimen. Paraffin-embedded archival 
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tissues are the most difficult to prepare and are limited to the study of nuclei. Regardless of the 
source of cells or nuclei, the preparation of cell or nuclear suspensions for flow cytometry 
requires strict attention to technical details, and is best performed by a skilled technologist. 

Cell Dissociation From Fresh Tissues 

A major limitation of flow cytometry is the requirement for well preserved single cell 
suspensions. Most human tumors are composed of a variety of coherent epithelial, stromal, 
and inflammatory cells. The cells of interest must constitute a large proportion of the specimen 
and, in clinical applications, not less than 15% to 20% of the total cell population (Hiddemann et 
al, 1984; Dressier and Bartow, 1989). Results vary depending on the tissue type and the type 
of measurements desired, i.e., whether they include cytoplasmic constituents, cell surface 
markers or simply intact nuclei. Squamous epithelial cells are tightly bound by desmosomes and 
are extremely difficult to isolate by any means. Even under the best of cirumstances, the 
dissociation of solid tissues will inevitably yield small clusters of cells, broken cells, and cellular 
debris, but relatively few whole cells. 

Two general methods are used: mechanical disaggregation or enzymatic digestion — or a 
combination of both. In the commonly used mechanical method of cell dissociation, the tissue 
in saline or tissue culture medium is minced into tiny fragments by cross-cutting with scalpel 
blades, and then separated into single cells by the shear forces produced by syringing through 
a small bore needle. Any residual fragments of tissue or stroma are removed by sieving through 
a nylon mesh. The downside of this procedure is that syringing causes progressive loss of 
cytoplasm and eventual total destruction of some cells. The degree of dispersion and cytologic 
preservation should be carefully monitored by visual microscopy (Wolley et al, 1976; Bijman et 
al, 1985; Ensley et al, 1987, 1993; Zalupski et al, 1993). Visscher and Crissman (1994) 
concluded that, in general, glandular tissues are equally well dissociated mechanically or 
enzymatically, but that enzymatic digestion is necessary to dissociate squamous epithelia. They 
recommend that fresh glandular tissue be placed in RPMI tissue culture medium in a Petri dish, 
bisected, and the cut surface gently scraped with a surgical blade to release the cells. The 
procedure can be repeated as necessary. The turbid suspension of cells is passed through an 
80-pm sieve, centrifuged, resuspended in RPMI, and fixed by adding 70% ethanol dropwise. 

Squamous tissues are treated before the sieving step with an enzymatic cocktail of trypsin, 
collagenase type II, DNase I. 

Other methods include treatment of tissues with EDTA(ethylenediaminetetraacetic acid), 
pepsin, trypsin, collagenase and other proteases; no single method that is universally 
applicable (Wolley et al, 1979; Slocum et al, 1981; McDivitt et al, 1984; Costa et al, 1987; 

Smeets et al, 1987). Even without mechanical forces, the enzymatic disaggregation methods 
risk damage to cell surface molecules and may severely damage the cytoplasm. In general, the 
squamous cells, which have cytoskeletons rich in keratin, withstand disaggregation and retain 
cytoplasm better than the more fragile mucus-producing glandular cells. Finally, it should be 
noted that resistance to dissociation and to cell destruction varies among the cells within almost 
every tumor and every tissue, with resulting selection bias in the final cell sample. 
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Nuclear Isolation Techniques 
Fresh Solid Tissues 

Isolated nuclei, free of nonspecific cytoplasmic fluorescence, provide optimum specimens for 
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DNA measurements by flow cytometry. Since cytoplasm is already partially or completely lost 
from many of the cells dissociated from solid tumors, particularly in needle aspirates, it becomes 
preferable to study whole nuclei that are completely stripped of cytoplasm. 

The cell sample is obtained by aspirating with a fine bore needle (25 gauge) which is moved 
back and forth within the tumor, using little or no negative pressure, aspirating material into the 
bore of the needle, but not into the syringe. The same technique is used to sample tumors in 
vivo and in surgically resected specimens. The needle is flushed with 0.2 ml citrate buffer and 

the cell count checked in a hemocytometer. If there are fewer than 10® cells, repeat aspiration 
may be needed. The sample can be processed immediately or stored at -70°C in citrate buffer 
with dimethyl sulfoxide (DMSO). Of the methods proposed for nuclear isolation, that of Vindelov 
and Christensen (1994A, 1994B) is generally preferred (see Appendix to this chapter). It is 
carried out on unfixed tissue, avoids potential selective cell loss during centrifugation steps, 
avoids clumping and staining artifacts due to fixation, and keeps cell numbers needed for the 
assay to a minimum. Vindelov and Christensen recommend adding a mixture of chicken or trout 
nucleated erythrocytes as internal DNA control before staining the sample with propidium 
iodide. With recent advances in development of inexpensive, very stable solid state near- 
ultraviolet lasers, DAPI or (for live cells) Hoechst 33342 may be the preferred DNA 
fluorochromes. For description of these stains, see below. 

Koss et al (1977) recommended the use of a citric acid-sodium citrate method for isolation of 
nuclei from epithelial tissues. 

Archival Material 

The obvious disadvantage of fresh tissue specimens is that they require prompt processing and 
often immediate examination in the laboratory. Several years may be required to collect and 
examine a reasonable series of any particular type of tumor to obtain data of clinical value. 

Thus, there was intense interest in reports by Hedley et al (1983, 1984, 1989) that intact nuclei 
could be extracted from archived tissue embedded in paraffin blocks and that it was possible to 
measure nuclear DNA in those specimens. This made it feasible to retrieve and examine a large 
series of accumulated cases with known clinical follow-up. A flurry of reports of such 
retrospective studies were published over the next several years. While variations in fixation, 
methods of preparation and staining, conditions of storage, etc. sometimes limited the precision 
of measurements, they were adequate to identify many tumors with abnormal DNA content. 

Specimen preparation technique is described in the appendix to this chapter. 

Hematopoietic Specimens 

Examinations may be carried out on whole or lysed blood or bone marrow, on specimens fixed 
in 1% buffered formaldehyde, or on fresh or paraffin-embedded lymph nodes, etc. Forward and 
side scatter measurements differ for lymphocytes, monocytes, granulocytes, platelets and red 
blood cells in fresh, unfixed specimens and these features can be used with 
immunofluorescence to select and classify mature and immature sub-populations by antigen 
expression. This is described and illustrated in a later section (see also Chap. 31). 

STAINING METHODS 

DNA Staining 

DNA is one of the most commonly measured cellular constituents. It provides information on the 
proliferative status of a population of cells, as well as any gains or losses of DNA that often 
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accompany malignant transformation, as described in the following sections. Dyes that bind to 
and allow precise measurements of DNAare discussed briefly. 

Propidium iodide is the most widely used DNA stain. It is an intercalating dye and requires 
RNase treatment of cells to remove double-stranded RNA The dye was introduced by 
Crissman and Steinkamp (1973) as a DNA dye, in combination with fluorescein isothiocyanate 
(FITC) as a protein stain. 

DAPI (4'-6-diamidino-2 phenylindole), which is arguably the most specific DNA dye 
(Kapuscinski, 1995), requires ultraviolet excitation, either with noncoherent light sources 
(mercury arc, xenon lamp) or a very expensive krypton laser, and is not widely used. However, 
there is now a relatively inexpensive solid state violet laser available which is capable of 
exciting DAPI and will, perhaps, be incorporated in moderately priced commercial cytometers. 

Acridine orange (AO) is excited at 488 nm by the blue argon ion laser used in most 
commercial flow cytometers. It is a metachromatic dye that intercalates into double helical 
nucleic acids (DNA) to fluoresce green, and binds to single stranded nucleic acids (RNA) with 
red luminescence. The dye was studied extensively by Kapuscinski et al (1983, 1987) who 
elucidated the way in which it binds to single vs. double-stranded nucleic acids with a change in 
emission spectrum. Darzynkiewicz et al (1976, 1980) and Traganos et al (1977) made use of 
this property of acridine orange to develop a technique for simultaneous differential staining of 
DNA and RNA and, subsequently, to analyze chromatin structure as a function of denaturability 
of DNA (Darzynkiewicz et al, 1977, 1979). While it is a useful research tool, however, acridine 
orange requires carefully controlled staining conditions and has not gained wide clinical 
application. 



Other DNA dyes less commonly used include: the vital stain Hoechst 33342, the antibiotics 
mithramycin, chromomycin and olivomycin, ethidium bromide, an analogue of propidium 
iodide, TOTO-1 and YOYO-1, which 
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are dimers of thiazole orange, and 7-amino actinomycin D. 



TABLE 47-4 SPECTRAL CHARACTERISTICS OF COMMONLY USED NUCLEIC ACID 

DYES 



Dye 


Excitation Maximum 


Emission 


Propidium iodide (PI) 


536 nm 


623 nm 


Ethidium bromide (EB) 


510 nm 


595 nm 


Acridine orange (AO) 


480 nm (DNA) 


520 nm (green) 




440-470 nm (RNA) 


650 nm (red) 


Hoechst 33342 (vital DNA stain) 


340 nm 


450 nm 


DAPI 


350 nm 


470 nm 
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Chromomycin A3 (GC-rich DNA) 



440 nm 



555 nm 



Mithramycin (GC-rich DNA) 



440 nm 



575 nm 



7 Amino-actinomycin D3 (GC-rich DNA) 



580 nm 



660 nm 



Hoechst 33258 (AT-rich DNA) 



360 nm 



460 nm 



Excitation and emission spectra of these and several other more widely used DNA 
fluorochromes are listed in Table 47-4. 

Stains for Immunofluorescence 

The antibodies used for immune analysis of hematologic samples are labelled with fluorescein 
isothiocyanate (FITC) giving a green signal, phycoerythrin (PE) with an orange-red signal, 
and peridinin chlorophyl protein (Per Cp) giving a “far red” signal. Afourth red label, 
allophycocyanin (APC), requires a laser of a different wavelength. These four labels can be 
used simultaneously on four different antibodies because contemporary flow cytometers switch 
lasers automatically. For a discussion of flow cytometric analysis of hematologic specimens, 
see below. 

ANALYSIS OF DATA 
Acquisition of Data 

Any number of cells in a specimen may be examined by flow cytometry. The usual range is 
5,000 to 20,000, but may be as many as 50,000 or even more. The number of cell features 
measured also varies. Usually, it includes the measurements of light scatter, narrow angle 
forward scatter (2°-5°), for cell size and right angle scatter for cytoplasmic granularity (see 
above). Depending on the staining procedure and capability of the instrument, from one to six 
or more different fluorescence signals per cell can be measured. Most instruments have a 
single laser and make two fluorescence and two scatter measurements. The measurements are 
collected in list mode, that is all the measurements on each cell are grouped together in a list 
of the cells measured. Thus, the cells can be classified by the relationship of measurements as 
well as absolute values, for example, the N/C ratio as well as absolute size of nucleus or cell. 

Display of Data 

Flow cytometric data may be displayed as histograms or scattergrams. Histograms are used to 
display a single set of values (for example, DNA content in a population of cells). Scattergrams 
allow either a comparison of two or more values in a single population of cells (for example, 

DNA and RNA content) or an analysis of multiple populations of cells, as used in 
hematopathology. 

Histograms 

Single measurements of interest can be displayed as a frequency histogram in which the 
arbitrary value of the cell (for example, its DNA content) is displayed on the abscissa and the 
number of cells in each category on the ordinates. The abscissa is arbitrarily subdivided into a 
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number of channels. For most practical measurements, the subdivision into 256 channels offers 
adequate accuracy, although a subdivision into 512 or 1024 channels is possible on many 
instruments. The height of the peak displayed on the ordinates represents the number of cells 
in each category (Fig. 47-7). For consistency of results and for comparison purposes, the 
histograms pertaining to a single entity (for example, a tumor type) should be adjusted to 
display a constant control value at the same channel number. The calibration of the 
instruments can occur with controls that may either be external (such as nucleated chicken or 
trout erythrocytes or fluorescent beads) or internal, recognized in the target histogram as a 
constant value (such as the diploid DNA content of normal lymphocytes). If desired, the 
developing histogram can be viewed on the monitor screen during measurements. Thresholds 
may be set to exclude small particles of debris, cell doublets, etc, or to decide when an 
adequate number of cells have been measured. 

Scattergrams 

Two measurements of interest in the same cell population can be displayed simultaneously as a 
two dimensional (bivariate) histogram or scattergram (Fig. 47-8) in which the 
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two measurements of each cell are represented, respectively, on the abscissae and ordinates 
by the position of a single dot. This very common way of presenting data allows one to identify 
subpopulations of cells that have identical or similar measurements of two particular features 
and are, thus, represented by a distinct cluster of dots. It is particularly useful in comparing DNA 
content with some other measurement or in classifying leukemic cells by antigen expression 
(see later). 
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Figure 47-7 DNA histogram of proliferating HeLa cells in culture. A. The intensity of 
red fluorescence of propidium stained cells is proportional to DNA content and is plotted on 
the abscissa in arbitrary units (channel numbers). The DNA diploid peak, containing Go 
and Gi cells, is set arbitrarily at channel 50. Proliferating cells synthesize DNA during the 
S-phase and have increasing red fluorescence, reaching a maximum twice the diploid 
value (tetraploid) as they reach the G 2 M phase. The number of cells with the same or 
similar DNA content is indicated by the height of the histogram at each channel. B. A 
computer-derived cell cycle distribution from the data in the histogram in (A) gives values of 
60.73% for the (diploid) G-| peak, 19.42% for S-phase cells, and 19.84% for cells in G 2 
and mitosis. This histogram reflects the high proliferative index of this malignant cell line. 



With a large number of dots in a cluster, the data can be presented as a pseudo-3-dimensional 
histogram in which the number of cells at each point is represented by the height of the peak 
(Fig. 47-9AB). Other innovative techniques have been devised to display multidimensional 
data; for example, three-dimensional data may be displayed as a cloud of dots viewed 
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stereoscopically in a cubic space (Sharpless et al, 1979). 

The use of scattergrams in the analysis of multiple cell populations in hematology is discussed 
below. 
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Figure 47-8 Two-parameter histogram depicting the relative DNA versus RNA 
content of an exponentially proliferating culture of the human colonic carcinoma 
cell line HT29. Cells were stained with acridine orange. With this dye, green fluorescence 
corresponds to DNA content and red fluorescence to RNA content. The arrow demarcates 
the threshold of RNA content used to separate G-| cells into G-ia 3 ^ Gib populations. 

The threshold is established by calculating the mean and standard deviation (SD) of the 
RNA content of early S-phase cells. Separation into GiA 3n d Gib populations is computed 
by using three SDs below this mean RNA content. 



DNA Histograms 

DNA measurements are the most common application of flow cytometry of solid tumors. The 
measurements of tumor, or suspected tumor cell populations, are customarily displayed as a 
single dimensional histogram. The interpretation of the DNA histogram follows the axiom that 
DNA content of normal, resting human cells is constant and is related to the number (46) and 
structure of the chromosomes, differing between individuals only with respect to the X and Y 
chromosomes (see Chap. 4). 



Most cells in benign populations are in resting phase (Go) and are defined as having diploid or 
euploid DNA content. As these cells enter the cell cycle, but before the onset of DNA 
synthesis, they are defined as G-] cells and are still diploid. Therefore, Gq and Gi cells are 
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grouped together and form the dominant left peak in the DNA histogram. The position of 
this peak in the histogram is usually set at an arbitrary constant value on the abscissa, 
commonly channel 50 in a 256 channel histogram. 

As the Gi cells begin to synthesize DNA, entering the S-phase of the cell cycle, there is a 
progressive increase in DNA content of the cells reaching double the resting value (G 2 phase), 
indicating the duplication of chromosomes (tetraploid cells). The tetraploid (G2 phase) cells 
undergo mitosis and return to diploid DNA value. Because tetraploid cells and cells entering 
mitosis (prior to cell division) have the same DNA content, they form one peak known as G 2 M 
peak. These events are reflected in the DNA histogram shown in Figure 47-7A The fraction of 
cells in the normal G 2 M peak should not be more than five percent. This is 
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discussed further with respect to the proliferation of tumor cells. 




BLADDER CARCINOMA BENIGN BLADDER EPITHELIUM 

Irrigation Specimen of Bladder Irrigation Specimen of Bladder 



Figure 47-9 Pseudo-3-dimensional projection of two parameter measurements. 

Acridine orange-stained bladder irrigation specimens from normal human bladder ( B ), and 
from a patient with bladder cancer (A). DNA measurements (green fluorescence) of each of 
5,000 cells in each specimen are represented by the position of the dots on the ordinate, 
and RNA measurements (red fluorescence) by the position of the same dots on the 
abscissa. Overlapping dots are indicated by the height of the peaks. The cells with 
increased RNA fluorescence in B are intermediate and superficial cells with more abundant 
cytoplasm. Afew cells with increased DNA represent the few proliferating epithelial cells in 
a normal bladder. In specimen A note the presence of two GoG-| peaks, one representing 
normal diploid cells, and the second representing the aneuploid (triploid) tumor cell 
population in this mixture of benign and malignant cells. A small number of hexaploid tumor 
cells are also present. 



The percentage of cells in each of the cell cycle compartments may be calculated manually or 
by computer (Fig. 47-7B). The Multicycle computer program, that is now avalilable from Phoenix 
Flow Systems (San Diego, CA), provides semi-automated cell cycle analysis that minimizes 
subjective interpretation and further improves the precision and reproduciblity of DNA histogram 
interpretation (Bergers et al, 1996). With improvements in instrumentation, in methods of 
specimen processing and measurement, and in standardization of instrumentation and data 
analysis, there continues to be increased consistency and reproducibility of results. 

Changes in RNA content during the cell cycle can be correlated with DNA content in a 2- 
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dimensional scattergram (see Fig. 47-8). The interpretation of histograms in tumors is 
discussed in a later segment of this chapter. 

Quality ofDNA Histograms 

With care in the preparation and staining of the cell sample, and with properly maintained high 
quality commercial instruments that are presently available, it is possible to achieve highly 
accurate and very precise DNA measurements by flow cytometry. Several mathematical 
calculations are commonly used to evaluate the quality of flow cytometry histograms. These 
include the coefficient of variation (CV), skewness, and kurtosis. 

Coefficient of Variation 

Precision of measurements is expressed as a CV It is a measure of the tightness of the G oG-| 
peak, i.e., the variability of the DNA measurement. The CV is determined by dividing the mean 
channel number of the GoG-| population by its standard deviation, or sometimes approximated 
by measuring the width of the GoG-j peak at half height. The more uniform the measurements, 
the tighter the peak and the smaller the CV While some investigators have reported CVs below 
2%, which can be achieved with very uniform cells such as inactive lymphocytes, in general 
CVs of 5% or less are considered adequate for clinical samples. If the CV is greater than 
7% or 8%, the peak may be composed of two or more populations that are not resolved. Often, 
it is irregular or asymmetric (skewed). Very large CVs, 10% or greater, are not acceptable and 
very likely represent deterioration of the specimen, poor specimen preparation or staining, or 
instrument failure. 

Skewness 

In histograms with CV of 3% or more, the shape of the GoG-j peak becomes important. If the 
peak is symmetrical, it almost certainly represents a single population. If it is very asymmetrical, 
that is highly skewed, there is a strong possibility of two overlapping cell populations. In that 
case, analysis of cell cycle distribution also becomes more complicated (see below). 

Kurtosis 

Kurtosis is a statistical function providing information on the shape of the peak, that is, whether 
it is sharp or flattened. Deviations from an integer value of 3 or more indicate a flat peak 
(decrease in peakedness). The value of kurtosis is calculated by an appropriate analytical 
computer program. 

Controls 

Standard controls have two functions: (1) to assure accuracy of the instrument and (2) to be 
sure that cell preparation 
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and staining are optimal. Highly uniform fluorescent microspheres, that are available 
commercially, can serve as a reference marker to adjust instrument settings and maintain 
constant precision of DNA measurements. The microspheres of precise size and optical 
properties, including excitation and fluorescence emission spectra, are a useful reference for 
comparing the histograms and scattergrams of different populations of cells. 

DNA reference standards are needed to evaluate DNA staining, ploidy and cell cycle 
distribution. Peripheral blood lymphocytes are often used for this purpose and may be 
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incorporated with the test sample (internal standard) or run separately (external standard). 
Formalin-fixed, nucleated chicken or trout red blood cells can be used as either external or 
internal standards. They have the advantage of being a hypodiploid marker (33% and 80% of 
human diploid cells, respectively) and, therefore, do not overlap with the DNA distribution of 
human cells. 

DNA ANALYSIS OF TUMORS 

Tumors can be either diploid or aneuploid. Tumors with diploid or near-diploid DNA content 
display histograms identical, or similar, to those of normal cells in cell cycle. Diploid DNA 
content by flow cytometry does not necessarily signify normal chromosomal karyotype. The 
measurements of total cellular DNA are not sensitive to translocations or inversions, in which 
there is no change in total DNA content, or to combinations of gene amplification or loss 
accounting for less than 2% change in total DNA. 

Tumors with abnormal chromosomal content and measurably abnormal DNA content are 
defined as aneuploid. In such tumors, the histogram distribution of DNA measurements 
is shifted, almost always to higher values. In a mixture of malignant and benign cells, which 
is usually the case in human tumor specimens, there is superimposition of benign and 
malignant DNAdistributions. The striking result is the presence of two (or more) Go G-| peaks 
(Fig. 47-9A), which may be compared with the single peak seen in a corresponding benign 
epithelial specimen (Fig. 47-9B). The abnormal second population is, by definition, aneuploid. If 
the GoGi peak of the aneuploid tumor cell population is located to the right of the benign 
population on the abscissa of the histogram, the tumor is said to be hyperdiploid; if located to 
the left of the GoG-j peak, it is hypodiploid, as is the case in some leukemias and, 
exceptionally, in solid tumors. Hyperdiploid tumors may be triploid (GoG-| peak of the tumor 
cells lies midway between the GoG-| and G 2 M peaks of the benign population), tetraploid 
(GoG-j peak of the tumor cells overlies, and is higher than, the G 2 M peak of the benign 
population), or hypo- or hypertetraploid (Fig. 47-10). 



O'ploid Hypotelroploid 




Number of Chromosomes 



Figure 47-10 Designation of ploidy. The DNAploidy of a tumor is determined by the 
DNA content of the G 0 G 1 population of tumor cells compared with the G 0 G 1 population of 
normal cells. Some tumors may have two or more stem lines with different ploidy values. 



The ratio of the position of the G 0 G 1 peak of the tumor cells to that of the benign cell 
population, on the abscissa of the histogram, is known as the DNA index (Dl) (Hiddemann et 
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al, 1984). Thus, for diploid tumor cells where both peaks occupy the same position, the Dl is 
1 .0. For tetraploid cells, the Dl is 2.0. Dl of 1 .5 indicates a triploid population. As is the case with 
histograms of normal cycling cells, the percentage of tumor cells in each of the Gi , S and G2M 
phases of the cell cycle can be determined from the histogram, providing information on cell 
cycle distribution and an indirect measure of proliferation (see below and Fig. 47-7). 

While there is inevitably some variation in measurements of a given test specimen among 
laboratories or, indeed, from different samples of the same tumor in a single laboratory, a 
reasonably good interlaboratory reproducibility for DNA index of tumors has been reported 
based simply on inspection of DNA histograms (Coon et al, 1988; Wheeless et al, 1991). 

Cell Proliferation in Tumors 

One of the common applications of flow cytometry is in analysis of events in the cell cycle (see 
Fig. 47-7). Much of our present understanding of the molecular controls of proliferation and 
differentiation in normal and neoplastic cells comes from studies using flow cytometry (for 
review, see Darzynkiewicz et al, 2001 ). The complexity of the molecular events governing the 
G-|-S transition is illustrated in Figure 47-11. 

It is almost axiomatic that rapidly growing tumors are more aggressive and have a less good 
prognosis than slowly growing tumors. This can be demonstrated clinically by actually 
measuring tumor growth over time or cytologic preparations, by counts of cells in mitosis, or by 
immunostaining with antibodies to proliferation antigens such as Mibl (see below and Chap. 

45). 
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Figure 47-11 Diagrammatic representation of the G-j-S phase transition of the cell 
cycle, demonstrating the key role of the retinoblastoma gene product (pRb) and some of 
the many molecular controls. Much of our understanding of these processes comes directly 
from flow cytometry studies. (Courtesy of Dr. Frank Traganos, New York Medical College, 
Valhalla, NY.) 
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In single parameter flow cytometry histograms of DNA content, it is customary to represent the 
percentage of proliferating cells by either of one or two indices: proliferative fraction (PF) 

[equivalent to proliferation index (PI)] or S-phase fraction (SPF). The proliferative fraction, PF 
(or proliferation index PI) is defined as the percent cells with greater than diploid DNA in the 
histogram. The S-phase fraction (SPF) is defined as the percentage of cells with greater than 
diploid, but less than tetraploid, DNA (see Fig. 47-7). These indices are determined from the 
DNA histogram and are the simplest measures of proliferation. 

The two fractions may be determined by setting appropriate thresholds based on the shape of 
the histogram. Alternatively, there are interactive computer programs that use mathematical 
models of cell cycle distribution to analyze the histogram and calculate the percent cells in each 
of Go Gi , S, and G 2 M phases of the cell cycle (see Fig. 47-7B). They vary from simple graphic 
programs, that mimic the human approach, to highly complex mathematical methods, that use 
curve-fitting algorithms (Fried, 1976; Dean, 1990; Gray et al, 1990; Rabinovitch, 1994) and 
correct for cellular debris (Bagwell et al, 1991). 

Unfortunately, most solid tumors are heterogenous and it may not be possible to sharply 
demarcate the G 0 G -1 from S and S from G 2 M phases of the cell cycle, even with sophisticated 
computer programs. Also, cell suspensions often contain aggregates, as well as single cells, in 
mixed populations of differentiating and dying epithelial and reactive stromal cells and 
leukocytes. Finally, aneuploid tumors may have overlapping cell cycle distributions with multiple 
peaks and it may not be possible to determine the percent proliferating cells. Thus, PF and SPF 
values typically have wide measurement variance. 

Determination of DNA Synthesis by Bromodeoxyuridine Labeling 

For many years, one of the most widely used experimental techniques for identifying and 
quantifying proliferating cells was by labeling newly forming DNA in the replicating cells with 
radioactive (tritiated) thymidine. Tritiated thymidine was introduced into cell or tissue 
cultures in vitro, or given intravenously in vivo to experimental animals, and was incoporated 
into replicating DNA of proliferating cells during S-phase of the cell cycle. Thymidine-labeled 
cells were subsequently identified in autoradiographs. The procedure was lengthy and tedious 
and required care in working with radioactive material. 

A nonradioactive analogue of thymidine, bromodeoxyuridine (Brdllrd), which was 
substituted for thymidine by Gratzner et al (1975, 1982) and his colleagues (Dolbeare et al, 

1983), greatly simplified and shortened the process, and made it amenable to measurements by 
flow cytometry. Afluoresceinated antibody was used to label the cells that incorporated BrdUrd. 

All cells were counterstained with a 
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fluorescent DNA dye of another color. Counts of labeled versus total cells were carried out by 
dual parameter flow cytometry. This method yields the most precise measurements of 
percent S-phase cells (Fig. 47-1 2A,B). Freshly resected human tumors can be labeled in 
vitro, but penetration of BrdUrd into the tissue is poor. Also, some cells die rapidly after the 
tumor is resected. Thus, for solid tumors, the results are much more accurate if BrdUrd is given 
intravenously in vivo prior to surgery with patient consent. The drug has been given without ill 
effects in much higher doses as a radiation enhancer for patients undergoing radiotherapy and 
it has virtually no side effects in the dose used for labeling S-phase tumor cells. 

Proliferation Associated Antigens: Cyciins and Cyciin-Dependent Kinases and 
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Inhibitors 

The last few years have seen advances in our understanding of the complex machinery 
controlling cell proliferation, much of it from ingenuous flow cytometry studies employing newly 
developed antibodies to proliferation associated antigens of the cell. Among the first and still 
most widely used are Ki-67 (or Mibl) (Gerdes et al, 1984; Baisch and Gerdes, 1987) and 
proliferating cell nuclear antigen (PCNA/Cyclin) (Celis et al, 1984). Little is known about the 
antigen of Ki-67, but PCNAis known to be a component of DNA polymerase 5 (Bravo et al, 

1987). 

At this writing, we recognize three key families of components controlling the cell cycle: 

(1) cyclins, (2) cyclin-dependent kinases (CDKs), and (3) CDK inhibitors (CKI). There are 
at least eight different cyclins (A-H), each of which is transiently expressed at different phases 
or “checkpoints” in the cell cycle of benign proliferating cells. 

The CDKs are activated by binding to a corresponding cyclin. The resulting complex 
phosphorylates a specific set of proteins that acts at a particular successive checkpoint or 
phase of the cell cycle. Of the several CDKs, the most important is CDK4/6 which 
complexes with cyclin D to phosphorylate the retinoblastoma gene protein (pRb) and 
initiate cell entrance from G-j into S-phase. CDK2 complexes with cyclin A during transition 
from late S-phase to G 2 . It also complexes with cyclin E and phosphorylates histone HI at the 
Gi to S-phase transition. CDK1 is complexed with cyclin B-i during the G2 to M transition (see 
Fig. 47-11). 




Figure 47-12 Bromodeoxyuridine (Brdllrd) labeled cells in S-phase. A HL60 tumor 
cells in tissue culture were incubated briefly with BrdUrd and then treated with fluorescein 
isothiocyanate (FITC)-labeled antibody (left panel). The cells in S-phase are easily 
identified by their FITC fluorescence which is not expressed in G-] and G 2 M nonreplicating 
cells. The right panel shows control cells, incubated with BrdUrd and treated with an 
unlabeled antibody. B. Leukemic cells of a patient with acute leukemia incubated in vitro 
with BrdUrd, followed by FITC-labeled antibody. S-phase leukemic cells, that incorporated 
BrdUrd, are shown on the abscissa and DNA content on the ordinate. BrdUrd expression is 
shown by concentric rings, much as the height of a hill is shown on a topographical map of 
terrain. Aconventional DNA histogram of the same specimen is shown in the upper part of 
the illustration. 



The two most important tumor suppressor genes are p53 and pRb as discussed in Chapter 7. 
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The protein product of the gene p53 induces the CDK inhibitor p21 and blocks cell 
entrance into S-phase of cells with faulty DNA. Similarly, the CDK inhibitors p15 and 
p16 prevent activation of cyclin D1-CDK4 and block pRb phosphorylation. Cells with 
uncorrected DNA defects are prevented from entering the cell cycle by the action of these two 
tumor suppressor genes. But overexpression or mutation of cyclins and/or CDKs can disable 
p53 or pRb and transform them into activated oncogenes, permitting cells with mutated DNA to 
enter the cell cycle and replicate. 

The cyclins can be studied at the individual cell level by multiparameter flow and by laser 
scanning cytometry. As an example, Gorczyca et al (1997) were able to show that cyclin B-| , 
which is normally expressed transiently at the S-G2M boundary, is no longer restricted to a 
particular phase of the cell cycle in malignant tumor cells and, in its defective form, may account 
for unrestrained cell proliferation. 

There are many other components of the machinery controlling cell proliferation that may be 
mutant or disordered in malignant tumor cells (Cordon-Cardo, 1995) and can be studied at the 
level of the individual cell by flow cytometry. These include, not only the other cyclins and cyclin 
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dependent kinase inhibitors (e.g., p21, pi 6, p27), but also defective interactions with key 
proteins, like the retinoblastoma gene protein product (pRb) (Bartek et al, 1997) and its 
phosphorylation status (Juan et al, 1998). 

As a result of these developments, it may soon be possible to identify the specific defect(s) 
responsible for unrestrained cell growth in a given tumor and then to correct or block its effect. 

Currently, that is the goal of much cancer chemotherapy research. A first dramatic example was 
in the treatment of chronic myelogenous leukemia associated with the bcr-abl tyrosine kinase 
gene product of the Philadelphia chromosome described in Chapter 4. Gleevec (Novartis 
Pharmaceuticals Corporation, East Hanover, NJ) is a selective inhibitor of this kinase, designed 
with knowledge of its molecular structure and function. The drug has produced a remarkable 
hematologic response in 95% of 454 patients who had failed prior conventional therapy 
(Kantarjian et al, 2002). 

FLOW CYTOMETRY OF APOPTOSIS 

The normal balance of cell proliferation and cell loss is disturbed in tumors. As discussed in 
Chapter 6, there are two forms of cell death: necrosis, a passive process in which death is 
due to effects of an external agent such as ischemia, loss of nutrition or toxic, thermal or 
physical damage, and apoptosis (Greek, apo = “from” or “off,” ptosis = “to fall”), which is the 
most important mechanism of tumor cell death. It is also known as programmed cell death 
and may be controlled genetically during development as, for example, in loss of the tadpole tail 
during maturation into a frog. In tumors, the relative proportion of cells in apoptosis does not 
keep pace with proliferation and may prove as important a prognostic indicator as the 
proliferative or mitotic index. 

The gold standard for identification of apoptosis is still based on cell morphology. As described 
in Chapter 6, the change in cell morphology is due to nuclear fragmentation within an intact 
nuclear membrane (karyorrhexis). The DNA strand breaks (DNA ladder), that define apoptosis, 
account for the nuclear fragmentation and can be labeled with biotinylated deoxyuridine 
triphosphate (dUTP) (end labeling), catalyzed by exogenous terminal deoxynucleotide 
transferase (TdT) or by DNA polymerase (nick translation). A number of flow cytometry 
techniques for identification of apoptotic cells may be used (for review and critique, see 
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Darzynkiewicz et al, 2001). These include methods based on identifying DNA strand breaks, 
loss of mitochondrial transmembrane potential (Rhodamine 123 staining), caspase activation 
and cell surface exposure of phosphatidylserine (annexin V binding). The apoptotic cells, 
visualized with a fluorochromed avidin-conjugated antibody, can be quantified by flow or laser 
scanning cytometry (Fig. 47-13). Asomewhat simpler, more direct method of demonstration of 
apoptosis was introduced later by Li et al (1995, 1996) using directly fluoresceinated 
deoxynucleotides to label the DNA strand breaks in apoptotic cells. The latter procedure, also 
known as Tunnel reaction, is also applicable to histologic material. 






* Jl* 



Figure 47-13 Apoptotic cells. The breaks in the DNA“ladder” in cells undergoing 
apoptosis are labeled with biotinylated dUTP (deoxyuridine triphosphate) using the enzyme 
TdT (terminal deoxynucleotide transferase) and detected by fluoresceinated avidin 
(Gorczyca et al, 1993). The labeled ends of DNA breaks are shown here as punctate 
green fluorescence, intact DNA is counterstained with propidium iodide and fluorescent 
red. Two-parameter flow cytometry, or laser scanning cytometry, can be used to determine 
the ratio of apoptotic to normal cells. (Courtesy of Dr. Z. Darzynkiewicz, New York Medical 
College, Valhalla, NY.) 



Many of the hormonal and anticancer chemotherapeutic drugs act by inducing apoptosis. The 
percentage of apoptotic tumor cells in leukemic patients was studied by Gorczyca et al (1993) 
as a possible measure of therapeutic effect and, in patients with the myelodysplastic syndrome, 
by Raza et al (1995) as a potential prognostic indicator. There are now reports of human 
leukemias that have been studied in vivo during therapy to determine drug induction of 
apoptosis (Deptala et al, 1999). Spontaneous and drug-induced apoptotic cell death in human 
solid tumors was studied by flow cytometry of fine needle aspirates, in which the percentage of 
apoptotic cells varied greatly, but was higher among aneuploid than diploid tumors and was 
unrelated to the S-phase fraction (Gorczyca, 1994). 

ENRICHMENT OF SELECTED CELLS 

The complex population of cells obtained from most solid tumors includes leukocytes, stromal 
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and endothelial cells that dilute and sometimes obscure a small population of aneuploid tumor 
cells. Thus, it is important to select tissues that contain as large a proportion of viable tumor 
cells as possible. If necessary, the tumor cells may be concentrated by techniques that include 
mechanical sieving and differential sedimentation (Tolies, 1979; Walle et al, 1983). Certain 
populations of lymphoid or epithelial cells can be sorted and separated from inflammatory and 
stromal cells by taking advantage of uniquely expressed cellular antigens. In the latter 
approach, magnetized microspheres (<100 nm diameter) are coated with antibodies specific for 
surface antigens expressed by the cells to be sorted. The cell sample is mixed with the 
antibody-coated microspheres, which are bound by cells expressing the specific antigen. The 
cells with bound microspheres are separated from remaining cells in a high gradient magnetic 
field (Miltenyi et al, 1990). Cell viability is not affected. These bulk separation techniques 
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have an advantage over cell sorting by flow cytometry in that large populations of cells can be 
processed in a few minutes, making it preferable for concentrating rare cells. 

Epithelial tumor cells have been selected from mixed populations of cells for DNA 
measurements by thresholding on cells expressing cytokeratin antigens in dual parameter 
flow cytometry. While, in principle, dual parameter flow cytometry is very attractive, in practice 
there is biased selection of tumor cells that survive the traumatic process of specimen collection 
and cell preparation (lymphomas are an exception, see below). Many epithelial tumor cells lose 
their cytoplasm and no longer express cytokeratin antigens. 

DNA FLOW CYTOMETRY OF SOLID TUMORS 

With the progressive development and widening clinical application of cytogenetic and 
quantitative cytometry techniques, it became evident that many, though not all, human solid 
malignant tumors were composed of cells with abnormal DNA content, corresponding to 
chromosomal abnormalities (reviewed in Barlogie et al, 1980, see also Chaps. 4 and 7). Many 
studies were undertaken in the succeeding decades to determine whether the degree of 
abnormality, as reflected in abnormal DNAploidy levels, or in the proliferative activity of the 
tumor (as expressed by the S-phase fraction), were of prognostic value. For selected, often well 
differentiated tumors, it was concluded that a diploid, or near diploid, DNA modal pattern had a 
more favorable clinical course. In poorly differentiated aneuploid tumors, it was difficult to prove 
that DNA content had independent prognostic significance. The S-phase fraction reflecting 
proliferation was generally given more weight than DNAploidy but was usually greater in 
aneuploid tumors, perhaps in part because S-phase of aneuploid tumors was overestimated in 
complex histograms. 

Finally, there were many inconsistencies in the results of these studies, best attributed to 
technical differences in the way they were carried out. Among these are: studies of archived, 
paraffin-embedded tissue versus fresh tissue, sampling errors, particularly in comparing studies 
of single samples with multiple samples of a specimen, mechanical vs. enzymatic dissociation 
of cells, differences in staining technique, and, not least, differences in histogram quality and 
the definition of aneuploidy. Despite all of this, there remains a general consensus about the 
prognostic value of DNA cytometry for the various common human tumors. This is summarized 
in Table 47-5, reflecting the opinion of the writer. For detailed reported results, the reader is 
referred to the bibliography at the end of this chapter and to an exhaustive review by 
Cornelisse and Tanke (1997). 

Human Cancers With Strong Correlation of DNA Histogram and Prognosis 
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Carcinoma of Urinary Bladder 

While voided urine provides desquamated urothelial cells in suspension, they are often 
degenerated and seldom present in abundance. Hence, bladder irrigation or barbotage 
specimens are preferred for flow cytometry (Badalament, 1987; Wijkstrom et al, 1987; 

Hermansen, 1990). They provide suspensions of desquamated urothelial cells that are present 
in abundance, well preserved and ideal for cytometric study. The DNA content of tumors of the 
urinary bladder have been extensively studied by Tribukait et al in Sweden (Tribukait et al, 

1978, 1979, 1982; Gustafson et al, 1982), by Vindelov et al in Denmark (1995), by Collste et al 
(1979, 1980) and Melamed et al (1984, 1990, 1992) in the United States. In retrospective and 
prospective studies, it was shown that there is excellent correlation between DNAploidy, 
histologic classification, and clinical behavior. Grade 1 noninvasive papillary tumors (papillary 
tumors of low malignant potential) are typically diploid and unlikely to progress to invasive 
carcinoma. In fact, the presence of an aneuploid population in a specimen from a patient with a 
low grade papillary tumor strongly suggests that a co-existing high grade tumor is also present 
and may have been overlooked. High-grade papillary tumors and invasive carcinomas are 
virtually always aneuploid, as are the flat carcinomas in situ from which most invasive 
carcinomas are derived (see Fig. 47-9A). Intermediate grade tumors may be diploid or they may 
have an aneuploid or tetraploid population and usually also increased S-phase fraction. 

Vindelov et al (1995) 
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found S-phase fraction to be an independent predictor of survival for patients treated by 
irradiation. Tetraploid tumors generally have a better prognosis than nontetraploid aneuploid 
tumors. Koss et al (1989) compared DNA measurements by flow cytometry and image analysis 
in bladder washings of 50 patients with urothelial tumors. In 14 patients with either diploid or 
questionable flow cytometric histograms, aneuploidy could be documented by image analysis. 
Regardless of the technique used, aneuploid DNA pattern was indicative of recurrent high- 
grade tumors, including several carcinomas in situ. 



TABLE 47-5 DNA PLOIDY AND S-PHASE FRACTION AS PROGNOSTIC FACTORS IN 
SELECTED GROUPS OF HUMAN TUMORS 

Strong 

Bladder carcinoma 
Barrett's esophagus carcinoma 
Prostate carcinoma 

Leukoplakia and oral squamous carcinoma 
Probable 

Breast carcinoma 
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Colorectal carcinoma 
Melanoma 
Ovarian carcinoma 
Endometrial carcinoma 
Bone sarcomas 
Soft tissue sarcomas 
Germ cell tumors 
Gliomas 
Uncertain 

Lung carcinoma 
Uterine cervical carcinoma 

Head and neck squamous carcinoma (excluding oral) 

Renal carcinoma 
Wilms' tumor 
Neuroblastoma 

None 

Thyroid tumors 
Other endocrine tumors 
Gastric carcinoma 

Klein et al (1982) found 88% of 43 patients with papillary carcinoma in situ and 98% of patients 
with flat carcinoma in situ to have diagnostic evidence of carcinoma by flow cytometry of 
bladder washings. The presence of an aneuploid population has proved at least as sensitive an 
indication of bladder cancer as a series of three conventional voided urine cytology specimens 
(Badalament, 1987). 
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Brief mention should be made of RNA measurements of bladder tumors. Klein et al (1982), 
using the acridine orange staining technique of Darzynkiewicz (1976, 1994) and Traganos 
(1977), found that 80% of low-grade papillary tumors, most without abnormal DNA distribution, 
had increased cellular RNA. He concluded that dual parameter DNA/RNAflow cytometry was 
more sensitive to low-grade tumors than DNA measurements alone. 

Flow cytometry of barbotage specimens has also been effective in evaluating the results of 
conservative surgery and in following patients who know they are at risk of recurrence and will 
accept this minimally invasive procedure (Devonec et al, 1982; Klein et al, 1982). It has been 
effective, as well, in monitoring intravesical BCG treatment of low stage bladder carcinoma 
(Staiano-Coico et al, 1985; Badalament et al, 1986; Bretton et al, 1989) and flat carcinoma in 
situ (Klein et al, 1982), and monitoring the efficacy of chemotherapy (Hermansen et al, 1988). 
However, flow cytometry is not proposed as a detection or diagnostic technique for patients 
who would not otherwise be subject to catheterization or cystoscopy. 

In a consensus statement, after reviewing the role of flow cytometry in the diagnosis and 
management of tumors of the urinary bladder, members of an NCI review committee 
recommended flow cytometry for evaluation of patients suspected of bladder tumor, or at risk of 
recurrence after successful conservative treatment, such as transurethral resection, intravesical 
BCG, or irradiation (Aamodt et al, 1992, Wheeless et al, 1993). Flow cytometry was not 
considered practical for screening asymptomatic populations not known to be at high risk of 
bladder cancer. For further comments of DNAploidy in tumors of the bladder, see Chapter 23. 

Prostatic Carcinoma 

In most prospective and retrospective studies, DNA diploid prostatic carcinomas have a 
significantly better prognosis than aneuploid tumors (Zetterberg and Esposti, 1980; Lundberg et 
al, 1987; Mclntire et al, 1988; Winkler et al, 1988; Adolfsson etal, 1990; Tribukait et al, 1991). 
The ploidy patterns correlate well with tumor grade and stage, most localized tumors in stage A 
are diploid, whereas most of the advanced carcinomas in stages C and D are aneuploid or 
tetraploid. A single-needle aspirate or small needle biopsy is subject to sampling error. For 
example, lack of correlation of aneuploidy with high cytologic grade, reported by Ritchie et al 
(1988), suggests that a sampling error occurred. In studies of pelvic lymph node metastases of 
prostatic carcinoma, in which sampling error could be excluded, Stephenson et al (1987) 
documented that metastatic diploid cancers were less aggressive than aneuploid. A consensus 
conference of the World Health Organization (WHO) on early diagnosis and prognosis of 
localized prostatic carcinoma concluded that aneuploid tumors can be expected to respond very 
poorly to either irradiation or endocrine treatment, and that aneuploidy was an ominous 
prognostic sign (Schroder et al, 1994). 

As noted, DNAploidy correlates with histologic grade, at least for Gleason high-grade versus 
low-grade tumors but, for the majority of carcinomas that are of intermediate grade, the 
prognosis is unreliable. It is tempting to suggest that the large number of occult prostatic 
cancers, observed incidentally in elderly men at autopsy, may be predominantly diploid, indolent 
tumors with low S-phase fraction. Evidence to support this can be found in the work of 
Lundberg et al (1987) who used a combination of ploidy values with histologic grading to 
predict which patients would die of their tumors and which would die of other causes. In a 
retrospective study at about the same time, Fordham et al (1986) reported that only 15% of 
diploid tumors had progressed locally or metastasized, whereas 75% of tumors with an 
abnormal DNA distribution pattern progressed during follow-up periods of 5 to 19 years. None 
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of their patients with diploid tumors died of prostatic carcinoma. Adolfsson et al (1990) followed 
72 patients with untreated prostate cancer by repeat FNA aspiration biopsies for a minimum of 
2 years. Nearly one-fourth of the patients had increasing aneuploidy and cytologic 
dedifferentiation during this time. These studies carry important implications for the patients with 
localized, low- or intermediate grade carcinoma who may consider watchful waiting as an 
alternative to a major therapeutic intervention (e.g., prostatectomy) with its potentially major 
complications, such as impotence and incontinence. For further comments on this topic, see 
Chapter 33. 

Barrett's Esophagus and Esophageal Carcinoma 

In patients with Barrett's esophagus 5% to 20% may develop adenocarcinoma, a disease that 
has been increasing dramatically over the last two decades. The patients with significant atypia 
(i.e., “dysplasia”) of the metaplastic gastric mucosa are at highest risk of carcinoma (see Chap. 

24). At the University of Washington in Seattle, the 5-year cumulative cancer incidence in 
patients with high-grade dysplasia is 59% (Reid et al, 2000). In patients with negative, indefinite 
or low grade dysplasia, the probability of carcinoma is closely related to DNAploidy. For DNA 
diploid lesions, it is 0% at 5 years; for nondiploid lesions, it is 28% (Reid et al, 2000). A DNA 
histogram with tetraploid population in excess of 6% or aneuploid DNA population greater than 
2.7N was highly predictive of cancer (Rabinovitch, 2001). At Westchester Medical Center 
(Valhalla, 

R1726 

NY), patients with dysplasia, whether high or low grade, are presently considered for local 
ablative procedures by endoscopic laser cautery. It may be possible to limit the treatment to 
those who have low-grade lesions with diploid DNA Also, because endoscopic surveillance and 
biopsies that are required to identify dysplastic glandular mucosa are subject to differences in 
interpretation, flow cytometry has the potential to be a reliable, objective marker for risk of 
carcinoma. For example, one of three biopsies of Barrett's esophagus from a 72-year-old man, 
illustrated in Figure 47-14A, was variously interpreted as indefinite for dysplasia vs. low-grade 
dysplasia but proved to be aneuploid (Fig. 47-1 4A inset), indicating increased risk of 
carcinoma. Biopsies from other sites at the same time showed similar atypia but a normal DNA 
distribution (Fig. 47-1 4B and inset). Thus, flow cytometry studies of Barrett's esophagus 
promise to be one of the most practical applications of flow cytometry of human solid 
tumors. 

Haraguchi et al (1995) studied DNAploidy in 56 patients with in situ and superficially invasive 
squamous carcinomas of esophagus and found DNA aneuploidy in 40, with heterogeneity of 
ploidy and increased probability of recurrence in the larger tumors following resection. 

In a study of tumor cell proliferation, Haustermans et al (1994) examined 27 squamous and 32 
distal adenocarcinomas of esophagus following preoperative intravenous iododeoxyuridine 
(IUDR is comparable to BrdUrd for labeling S-phase cells, see above) and found a mean 
potential doubling time of about 4.5 days for squamous and 5.5 days for adenocarcinoma. Most 
carcinomas were rapidly proliferating, though there was considerable intra-tumor variability 
between biopsies from different sites of the same tumor. The overall prognosis for invasive 
esophageal carcinoma is dismal and it is unlikely that small differences in proliferation will affect 
prognosis (see also Chap. 24). 
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Figure 47-14 DNA analysis of Barrett's esophagus. A,B. Biopsies from two different 
sites of Barrett's esophagus in a 72-year-old physician, taken at the same procedure and 
interpreted as indefinite for dysplasia or low-grade dysplasia. DNA histogram of biopsy in A 
showed a near-tetraploid aneuploid population with low proliferative rate. DNA histogram of 
biopsy in B showed a normal diploid pattern. DNA histograms performed on biopsy tissue 
extracted from the paraffin blocks, DAPI stain. (Courtesy of Dr. Peter Rabinovitch, Seattle, 
WA) 



Oral Squamous Carcinoma 

In a compelling, blinded image analysis study of the risk of oral cancer in patients with 
leukoplakia, Sudbo et al (2001) followed 150 patients for 4 to 165 months and found that only 
3% of dysplastic leukoplakias with diploid DNA progressed to cancer, whereas 60% with 
tetraploid DNA and 84% with aneuploid DNA progressed to cancer. Further, the risk of 
progression was inversely related with time to malignant transformation. In a later report of 150 
patients with oral leukoplakia, 5 of 103 with diploid, 16 of 20 with tetraploid, and 26 of 27 with 
aneuploid leukoplakia developed carcinoma over 4 to 237 months follow-up (Sudbo et al, 

2004). The Sudbo studies were performed by image anakusis of Feulgen-stained nuclei. The 
same strong prognostic significance of DNAploidy has yet to be established for other 
squamous carcinomas of head and neck. For further comments, see Chapter 21 . 

Human Cancers With Probable Prognostic Significance of DNA Histograms 
Carcinoma of the Breast 
DNA Pioidy 

In an early report by Atkin (1972), and subsequent studies of Caspersson et al (1983), Auer et 
al (1984), Erhardt et al (1986), Fallenius et al (1988), and others who measured DNA content of 
breast cancer cells by spectrophotometric absorption of the tumor cells on smears, the 
distribution of DNA measurements and modal values could be correlated with prognosis (see 
Chap. 29). Patients with diploid tumors had the best survival, aneuploid tumors had the poorest 
survival and tetraploid tumors were intermediate. Since then, breast cancer has been 
extensively studied by flow cytometry. Among the earliest reports by Olszewski et al (1981A, 

1981B) and Raber et al (1982), DNAploidy and 
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S-phase fraction were correlated with tumor stage, grade and estrogen receptor expression. 

Bedrossian et al (1981) failed to show this correlation. These early studies were carried out on 
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fresh tumor tissue and there was no follow-up information on these patients. 

Hedley et al (1984, 1987) and others (reviewed by Hedley, 1989) were able to undertake 
retrospective studies of archived, paraffin-embedded tissue from patients with known clinical 
follow-up. The majority of breast carcinomas proved to be aneuploid, in the range of 60% to 
80% in most series, with about 10% multiploid. Most medullary carcinomas are high-grade 
tumors and aneuploid, whereas most tubular and colloid carcinomas are near-diploid, 
suggesting that DNAploidy is correlated with tumor type. Ewers et al (1984) reported a much 
higher rate of recurrence for low stage (T 1 ) aneuploid compared with diploid tumors. In a study 
with 10 years of follow-up, Ewers et al (1993) reported that DNAploidy and low estrogen 
receptor levels were predictive of patients at risk of recurrent disease and reduced survival. 

Beerman et al (1990) reported that DNAploidy correlated with tumor stage, while others found 
ploidy to be an independent prognostic variable with better overall and relapse-free survival for 
diploid compared with aneuploid carcinomas (Cornelisse et al, 1987; Kallioniemi, 1987). In a 
prospective study that received considerable attention at the time, Clark et al (1989) reported 
that favorable DNAploidy and low S-phase fraction were predictors of disease-free and overall 
survival of patients with node negative breast cancer. Others suggested that reports of a more 
favorable course for patients with DNA diploid tumors, based on univariate analyses, lost 
independent prognostic significance in multivariate analyses (Dowle et al, 1987), and that DNA 
ploidy has limited clinical utility (Hedley et al, 1993). In a prospective study of fresh frozen 
breast cancer tissue from 1301 patients (Bergers et al, 1997), and another from 303 patients 
(Bracko et al, 2001), the favorable prognostic significance of diploid vs. nondiploid DNA values 
was confirmed in univariate analyses of both disease-free survival and overall survival. 

However, multivariate analyses of DNA ploidy added no additional prognostic power to lymph 
node status and tumor size. Thus, in my judgment, because it is highly correlated with 
other known prognostic parameters, DNA ploidy of breast cancer has limited clinical 
value. 

S-Phase Fraction Analysis 

The system of grading breast carcinomas most widely used today, or modifications of it, takes 
into account mitotic rate (Aaltomaa et al, 1992; Biesterfeld et al, 1995) as well as nuclear atypia 
and extent of tubule formation (Bloom and Richardson, 1957). The S-phase fraction or the 
proliferative fraction correlate well with mitotic counts (McDivitt et al, 1984; Bosari et al, 1992), 
with thymidine labeling (McDivitt et al, 1985; Meyer et al, 1988) and also (though not perfectly) 
with counts of cells expressing the nuclear proliferation associated antigen Ki 67 (Isola et al, 

1990; Vielh et al, 1990; Keshgegian and Cnaan, 1995; MacGrogan et al, 1997). In carefully 
conducted studies of tumor cell proliferation, as judged by incorporation of tritiated thymidine, 

Meyer et al (1983, 1988), Gentili et al (1981), and Tubiana et al (1981) were able to show that 
increased DNA replication in fresh samples of human breast carcinoma was an independent 
marker of more aggressive behavior. These observations were confirmed by Clark et al (1989) 
and others (Hedley et al, 1987; Kallioniemi et al, 1988; Stal et al, 1989; Toikkanen et al, 1989; 

Lipponen et al, 1992; Witzig et al, 1994; Camplejohn et al, 1995). Similarly, immunohistologic 
studies of the proliferation associated nuclear antigens PCNA (Aaltomaa et al, 1992) and Ki67 
(Sahin et al, 1991; Wintzer et al, 1991; Veronese et al, 1993) also had independent prognostic 
significance, and have been applied successfully to needle aspiration cytology smears 
(Dalquen et al, 1997). Thus, tumor cell proliferation by any of a variety of measurement 
techniques is a significant independent prognostic marker. The importance of these 
observations will grow as techniques are developed to obtain cells in sufficient number for flow 
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cytometry from stereotactic biopsies, fine-needle aspirates, and perhaps duct washings (see 
Chap. 29). Staler et al (2002) demonstrated that close to 10,000 cytokeratin-positive cells are 
released into the saline holding freshly collected stereotactic biopsy cores of mammary 
carcinoma, whereas fewer cells were released from benign lesions. 

Colorectal Carcinoma 

The first prospective flow cytometry study of DNA measurements of colorectal carcinoma was 
in a series of 33 patients studied at Montefiore Medical Center. The patients were followed for 
up to 5 years and a remarkable difference was found in the clinical course of those with diploid 
vs. aneuploid tumors, regardless of stage of disease (Wolley et al, 1982). The patients with 
diploid tumors had fewer recurrences and lived longer, even in the presence of metastases. 
Unfortunately, there were too few patients to establish a statistical significance of this study. A 
second prospective study of 33 patients, followed for 3 years, failed to confirm that the patterns 
of metastasis or survival correlated with DNAploidy (Melamed et al, 1986). A subsequent, much 
larger, prospective study of 176 patients showed no independent prognostic significance for 
DNA index, RNA index or proliferative fraction (Enker et al, 1991). However, in the special case 
of low stage, low-lying rectal carcinomas that were treated by local excision, Chang et al (1987) 
found that DNAaneuploidy predicted recurrence, though it did not predict survival. 

A number of retrospective studies were carried out in succeeding years but, again, with 
conflicting findings. Two-thirds to three-fourths of colorectal carcinomas overall are aneuploid 
and there is a tendency to find more aneuploid tumors in high stage compared to stage 1 
carcinomas. In studies by Armitage et al (1985), Kokal et al (1986), Scott et al (1987), and 
Risques et al (2001), DNA diploid values were associated with a more favorable prognosis. 

Banner et al (1985) and Jass et al (1989) reported that DNAploidy was of significance in 
univariate analysis, but was correlated with other prognostic parameters and lost significance in 
multivariate analyses. Schutte et al (1987) initially reported DNAploidy and proliferation to be of 
prognostic value in advanced stage colon cancer, but concluded later that 
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significance was lost in multivariate analysis (Wiggers et al, 1988). Tang et al (1995) and Zarbo 
et al (1997) also concluded that DNAploidy was not an independent predictor of survival. 

Finally, complicating matters even more, Hiddemann et al (1986) reported that DNA stemlines in 
colon carcinoma were heterogenous and could vary according to sampling. Similar 
observations on multiple tumor samples were reported by Wersto et al (1991). Thus, while 
DNA ploidy appears to be of some prognostic significance, it adds little to the 
prognostic value of tumor stage and grade in fully developed colonic cancers. 

However, it may prove of value in assessing endoscopic biopsies when tumor stage is 
uncertain. Tsushima et al (1987) also suggested that DNAploidy may be of prognostic value in 
the case of patients undergoing resection of hepatic metastases of colorectal carcinoma. 

Survival of patients with aneuploid metastases was significantly shorter than of patients with 
diploid metastatic tumors. 

Bauer and colleagues (1987) and a 1993 consensus review agreed that the S-phase fraction 
had greater independent prognostic value than DNA index (Bauer et al, 1993). Further 
study is needed to confirm these observations. 

However, aneuploidy may serve as an indicator of malignant transformation in colonic 
polyps and in chronic inflammatory bowel disease. Aneuploidy has been observed in 
adenomatous, but not hyperplastic, polyps (van den Ingh et al, 1985; Weiss et al, 1985; Goh et 
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al, 1986; Quirke et al, 1986; Banner et al, 1987; Giaretti et al, 1988), and in ulcerative colitis 
(Hammarberg et al, 1984; Melville, 1988; Lofberg et al, 1990, 1992; Rubin, 1992), both known 
to be potentially precancerous conditions. Sciallero et al (1988) emphasized the association of 
aneuploidy in adenomatous polyps with a family history of colon carcinoma. For further 
comments on this topic, see Chapter 24. 

Cutaneous Malignant Melanoma 

DNA aneuploidy is found in about two-thirds to three-quarters of primary cutaneous malignant 
melanomas. In most retrospective studies of these tumors, DNA ploidy appears to correlate with 
tumor thickness and stage of disease and, with a few exceptions, with probability of recurrence 
and survival (Zaloudik et al, 1988). Hansson et al (1982) found that the great majority of 
metastatic melanomas were aneuploid and that patients with high S-phase fraction tumors 
(>10%) had significantly shorter survival than those with lower S-phase tumors. Similar 
observations pertaining to primary and metastatic melanomas were reported by Sondergaard et 
al (1983), von Roenn et al (1986), and Silver et al (1989). In the large series of 804 primary 
melanomas, Bartkowiak et al (1991) found that 43% of primary melanomas were nondiploid and 
11% had high S-phase (>15%), which correlated with tumor progression and poor prognosis. 
Interestingly, at least some benign nevi ranging from three percent (von Roenn et al, 1986) to 
25% (Sondergaard et al, 1983) were aneuploid, and Stenzinger et al (1984) observed that 
some congenital melanocytic nevi (4 out of 39) were aneuploid. Whether this indicates a 
premalignant state is unknown at this time. Long term prospective studies still are needed 
before we know whether DNA ploidy and/or S-phase fraction of melanotic neoplasms offers 
clinically useful prognostic information, and whether it justifies altering treatment that is currently 
based on clinical and pathologic criteria. For further comments on prognosis of malignant 
melanoma, see Chapter 34. 

Carcinoma of Ovary 

In retrospective studies of carcinoma of the ovary, DNA ploidy has been shown to be a major 
determinant of survival. It is correlated with histologic grade and stage and with expression of 
p53 (Skimisdottir, 2001). Aneuploid tumors, in general, are high grade and high stage, whereas 
low grade, low stage tumors are predominantly diploid (Friedlander et al, 1983). Survival rates 
of women with diploid and near diploid tumors were significantly better than those of women 
with aneuploid tumors (Hedley et al, 1985; Blumenfeld et al, 1987). As with carcinomas of other 
organs, tetraploid tumors have a somewhat more favorable prognosis than nontetraploid 
aneuploid tumors (Iversen, 1988). Multiploid carcinomas are more aggressive than tumors with 
a single aneuploid population. The S-phase fraction, like the mitotic index and other measures 
of proliferative activity, seems intuitively to be of prognostic significance and has been so 
reported (Volm et al, 1985; Kallioniemi et al, 1988; Kuhn et al, 1989), but most tumors with a 
high S-phase fraction are also aneuploid. 

Brenner tumors, which are benign, and the borderline epithelial ovarian tumors, which typically 
behave in a benign fashion, are predominantly diploid (Friedlander et al, 1984; Iversen et al, 

1987; Trebeck et al, 1987; Kuhn et al, 1989). 

Thus, though there is still need for large, prospective, clinically correlated flow cytometry 
studies to unequivocally establish the prognostic significance of DNA ploidy and S-phase 
fraction, accumulated evidence suggests that these parameters may be of prognostic 
significance and correlate well with tumor grade and stage. For further comments on behavior 
of ovarian cancer, see Chapter 15. 
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Endometrial Carcinoma 

While there are still few flow cytometry studies of endometrial carcinoma, the existing data, 
based on retrospective studies, are consistent with a better prognosis for diploid tumors with 
low proliferative fraction, compared with aneuploid tumors with high proliferative fraction 
(Geisinger et al, 1986; Iversen, 1986; Lindahl et al, 1987; Nordstrom et al, 1996; Kaleli et al, 

1997; Susini, 1999; Mariani et al, 2000). In general, poorly differentiated tumors are aneuploid, 
whereas most diploid tumors are well-differentiated or intermediate grade endometrioid 
carcinomas. High stage tumors are predominantly aneuploid, implying more aggressive 
behavior. Most tumors responding to progestational therapy are DNA diploid. In patients with 
atypical adenomatous endometrial hyperplasia, the risk of developing endometrial carcinoma is 
greatest among those with endometrium having high S-phase fraction and/or aneuploidy 
(Lindahl et al, 1998; Eissa, 1997). Thus, as with ovarian cancer, the significance of DNAploidy 
study is based, in large part, on a comparison with other known parameters of prognosis. A 
large, long term prospective 
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study will be needed to confirm the retrospective studies. See also Chapter 13. 

Bone and Soft Tissue Sarcomas 

Most of the bone and soft tissue sarcomas that have been studied by flow cytometry have been 
aneuploid and there is general agreement that virtually all high-grade osteosarcomas are 
aneuploid (Kreicbergs et al, 1984; Helio et al, 1985; Mankin et al, 1985, 2002; Hiddemann et 
al, 1987; Xiang et al, 1987; Bauer et al, 1988; Look et al, 1988; el-Naggar et al, 1995; Berven, 

2002). In a study of 168 osteosarcomas by Bauer et al (1988), only four low-grade paraosteal 
osteosarcomas were consistently diploid, and DNAploidy successfully predicted the clinical 
course in 17 patients with diagnostically controversial tumors. In a prospective study of 26 
patients, Look et al (1988) reported that osteosarcomas with near-diploid tumor stem lines had 
a favorable response to chemotherapy and improved survival when compared with tumors 
having hyperdiploid (aneuploid) stem lines. 

Alho et al (1983) reported that patients with chondrosarcomas with diploid DNA had 
significantly longer survival than patients with aneuploid tumors. Similarly, Ewing's sarcoma 
with diploid DNA is reported to have a more favorable course than those that are aneuploid 
(Dierick, 1993; Perotti et al, 1998). On the other hand, Scott et al (1989) studied nine giant cell 
tumors of bone that developed metastases, and 8 that did not, and found no difference in DNA 
ploidy pattern. Simultaneous DNA/RNA measurements of bone tumors were carried out by el- 
Naggar et al (1995) who observed consistently high RNAin giant cell tumors, aneurysmal bone 
cysts and chondroblastomas. 

DNAploidy had no significant predictive value for rhabdomyosarcoma of children (Kilpatrick 
et al, 1994). 

In a retrospective study of gastric leiomyosarcomas, Tsushima et al (1987) reported 
somewhat better prognosis for near-diploid, compared with aneuploid, tumors. However, 
aneuploid DNA was found in a small number of leiomyomas and in 7 of 20 leiomyoblastomas. 

Whether these would now be classified as GIST tumors (gastrointestinal stromal tumors), as 
discussed in Chapter 24, is impossible to say. 

Nondiploid DNA patterns were found in several benign soft tissue spindle cell lesions by 
Agarwal et al (1991) and in some benign endocrine tumors (see below). Thus, the finding of 
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an aneuploid DNA population per se, while usually due to a malignant tumor, must be 
interpreted in the histologic context of the lesion examined. There still are too few 

studies of DNAploidy in tumors of bone and soft tissues to draw any conclusions regarding 
diagnostic or prognostic significance. For further comments on prognosis of these tumors, see 
Chapters 35 and 36. 

Human Cancers With Uncertain Prognostic Importance of DNA Histograms 
Lung Carcinoma 

Carcinomas of the lung, regardless of histologic type, are a group of diseases with unfavorable 
prognosis. Clinical outcome is highly correlated with stage of the disease. Only localized, non- 
small cell carcinomas (NSCC) have a reasonable possibility of cure following resection. Thus, 
flow cytometric measurements of DNAploidy and proliferation have secondary importance, at 
best (see Chap. 20). 

The early flow cytometry studies of patients with squamous cell carcinomas and 
adenocarcinomas that comprise the NSCC were reported to have a somewhat better survival if 
the tumors were diploid or near-diploid (Bunn et al, 1983; Volm et al, 1985, 1988). DNA 
aneuploidy correlated with higher stage and grade but evidence of independent significance 
was weak and controversial. Small cell carcinomas (SCC) are generally considered already 
metastatic when diagnosed and are treated as systemic disease by irradiation or chemotherapy, 
with near 100% mortality rate. Few SCC have been studied but Abe (1985) reported a 
somewhat better course for those that were diploid. 

In the decade since the prior edition of this book, a number of multivariate analyses of DNA 
ploidy and proliferation in NSCC and SCC of lung were published. Some authors reported 
adverse prognostic significance for aneuploid squamous and/or adenocarcinoma 
(Zimmerman et al, 1987; Dazzi et al, 1990; Isobe et al, 1990; Sahin et al, 1990; Miyamoto et al, 
1991; Rice et al, 1993; Yu et al, 1993; Salvati et al, 1994; Kolodziejski et al, 1997; Muguerza et 
al, 1997; Pelletier et al, 2001), while others found only questionable or no independent 
prognostic significance in DNAploidy (ten Velde et al, 1988; Carp et al, 1992; Filderman et 
al, 1992; Schmidt et al, 1992; Granone et al, 1993; Morkve et al, 1993; Visakorpi et al, 1995; 
Dalquen et al, 1997; Ikonen et al, 1999; Hofmann et al, 2001). Our own study of 93 radically 
resected, localized adenocarcinomas of lung showed no prognostic significance for DNAploidy, 
fraction of aneuploid cells, or proliferative fraction (Cibas et al, 1989). 

Other studies of proliferation markers, primarily S-phase fraction (SPF) or proliferative index 
(S + G2M) or, in a few cases, bromodeoxyuridine labeling (BrdUrd), again yielded conflicting 
findings. High S-phase fraction, or other measure of proliferation, was an adverse prognostic 
marker for squamous and/or adenocarcinoma in reports by Dazzi et al (1990), Filderman et al 
(1992), Visakorpi et al (1995), Alvarez-Riesgo et al (1998), Volm and Koomagi (2000), and 
Pelletier et al (2001). Other observers reported questionable or no independent prognostic 
significance of these factors (ten Velde et al, 1988; Schmidt et al, 1992; Granone et al, 1993; 
Rice et al, 1993; Dalquen et al, 1997; Kolodziejski et al, 1997; Ikonen et al, 1999; Hofmann et 
al, 2001). Dalquen et al (1997) found that nuclear p53 expression, a marker of malignant 
transformation, was strongly correlated with high S-phase fraction. Curiously, and contrary to 
other studies, Gasinska et al (1997) found that higher proliferation rates of NSCC, determined 
by BrdUrd labeling, were associated with better prognosis. 

Small cell carcinoma was studied by Viren et al (1997) who found no prognostic value in either 
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DNAploidy or S-phase fraction. Carey et al, who reported in 1992 that patients with DNA 
aneuploid SCC tumors have reduced 2-year survival compared with diploid or tetraploid tumors, 
were unable to confirm the initial observations in 1996. 

In other applications, Cicconetti et al (1997) used dual 
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parameter DNA/protein flow cytometry to identify epithelial cells among the leukocytes in 
bronchial wash specimens and thereby to increase sensitivity in detecting neoplastic cells. 

Ichinose et al (1991) suggested that metachronous lung cancers could be distinguished from 
metastases by DNA patterns. 

Carcinoma of Uterine Cervix 
Response to Radiotherapy 

In their original cytophotometric studies of invasive carcinomas of the uterine cervix, Atkin and 
Richards (1962) found that aneuploid/triploid tumors had a better response to 
radiotherapy than did diploid tumors. These observations were later confirmed in a flow 
cytometry study of 348 patients by Dyson et al (1987) who found aneuploid tumors significantly 
more radioresponsive than diploid tumors, although DNAploidy was not an indicator of a better 
prognosis. Thus, the rate of local recurrence of irradiated late stage tumors was lower for 
aneuploid, compared with diploid tumors. On the other hand, aneuploid tumors 
metastasized to distant sites at an earlier stage. With minor variations, the fundamental 
observations of Atkin and Richards were also confirmed by other investigators (Rutgers, 1986; 

Davis et al, 1989; Lutgens et al, 1994; Tang et al, 1995; Anton, 1997). Jakobsen and 
colleagues (1984, 1985, 1988) determined that aneuploid carcinomas of the cervix with a DNA 
index above 1 .5 constituted a high-risk group with increased likelihood of nodal metastasis, 
higher recurrence rates and lower 10-year survival. However, Willen et al (1987) noted that 
DNAaneuploidy correlated with tumor grade and stage and later reported that it was the 
patients with high S-phase fraction tumors who had lower survival (Willen et al, 1993). 

Some of the differences among investigators may be ascribed to technical factors. For example, 

Kimmig et al (1995) “gated out” stromal and other cells by using dual parameter 
DNA/cytokeratin flow cytometry and measured epithelial cells selectively, resulting in more 
tumors identified as aneuploid and more with high S-phase fraction. 

Response to Surgical Treatment 

Renter et al (1990) found no prognostic significance for DNAploidy. Jelen et al (1994), Lai 
et al (1993), and Connor et al (1993) found neither DNAploidy nor S-phase fraction to have 
prognostic value. Kristensen et al (1995) also found no prognostic significance for DNAploidy 
or S-phase fraction. However, Nguyen et al (1993) and Horn et al (2002) reported that early 
stage cervical carcinomas with high DNA index and high proliferative fraction (SPF) were a 
subgroup with less favorable outcome. Zanetta et al (1992) reviewed the Mayo Clinic cases and 
reported no significant survival difference between diploid and nondiploid early stage 
carcinomas, but diploid tumors with high proliferative fraction carried a significantly lower 
survival rate. 

Other Studies 

Strang et al (1987, 1991) carried out what is, perhaps, the most definitive prospective study 
in a population of 307 women with cervical carcinoma, followed for 4 to 84 months, and found 
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that DNA ploidy yields little prognostic information but that the prognostic impact of S- 
phase fraction was second only to stage. 

Thus, the possible significance of flow cytometry DNA measurements of uterine 
cervical squamous carcinoma is still uncertain. Present evidence suggests that S- 
phase fraction, but probably not DNA ploidy, may be of prognostic significance. 

However, because invasive cervical carcinomas are no longer commonly seen in major 
academic institutions, it has become increasingly difficult to validate this with additional 
statistically rigorous prospective studies. Measuring DNA ploidy and proliferative activity in 
squamous carcinoma in situ is more difficult but has been accomplished (Jakobsen et al, 1983; 
Hanselaar et al, 1988) and may provide new insights into the process of carcinogenesis and 
invasion. For further comments, see Chapters 11 and 18. 

Adenocarcinoma of Cervix 

Kaspar et al (1997) studied 29 patients with stage I, node-negative adenocarcinoma of cervix, 
of which 23 were diploid, and found no prognostic significance for DNA ploidy or proliferative 
activity. However, Magtibay et al (1999) analyzed 57 cases of adenocarcinoma, stage IB and 
IIA of which 31 were aneuploid and 8 tetraploid, and found high proliferative index to have 
prognostic significance in node negative patients; DNA ploidy had no prognostic significance 
(see Chap. 12). 

Squamous Carcinomas of Head and Neck, Other Than Oral Carcinoma 

Studies of the squamous carcinomas of head and neck have yielded conflicting results. 

Goldsmith et al (1986, 1987) reported in a retrospective study that, contrary to other tumors, 
aneuploid squamous carcinomas of the upper aerodigestive tract responded more 
favorably to treatment than did diploid carcinomas. But, in a review of factors affecting the 
prognosis of laryngeal carcinoma, Danic et al (2000) found that DNAaneuploidy and high 
proliferative activity were both indicators of unfavorable prognosis and that proliferative activity 
remained significant in multivariate analysis. Myers et al (1999) also found better survival of 
patients with diploid, low S-phase laryngeal or pharyngeal carcinomas treated by surgery. Kokal 
et al (1988), who studied 76 patients with primary resectable squamous carcinoma of oral 
cavity, pharynx or larynx, found significantly decreased relapse-free and overall survival rates 
for DNA aneuploid tumors. Kokal concluded that DNA content was an independent, and the 
single most important prognostic factor in primary resectable carcinomas of head and neck. 

Walter et al (1991) found DNA aneuploid early stage laryngeal carcinomas more resistant to 
radiotherapy but Stern et al (1995) did not. Bourhis et al (1996) labeled S-phase cells with 
bromodeoxyuridine in vivo, and determined the labeling index, duration of S-phase and 
doubling time of squamous oropharyngeal carcinomas treated by irradiation. In a prospective 
study of 70 patients, neither DNA index nor any measure of proliferation was of prognostic 
value. Rua et al (1991) suggested that DNA ploidy was an independent parameter of prognosis 
for squamous laryngeal carcinoma, 
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while Mohr et al (1992) found no correlation between flow cytometric data and prognosis for 
oral and pharyngeal carcinomas. Thus, while the preponderance of evidence suggests 
that diploid, low proliferation tumors have a more favorable response to both surgical 
and radiotherapy, there is still no general consensus on the significance of these 
measurements in clinical practice. One wonders why oral squamous cancers, discussed 
above, differ from other squamous cancers of the head and neck areas. 
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Renal Carcinoma and Wilms ' Tumor 

In early retrospective studies of renal carcinoma, Otto et al (1984) reported that only about 21% 
of patients with diploid tumors had metastases within a follow-up period of 1 to 4 years, 
compared with 89% for patients who had aneuploid tumors. In a study by Ljungberg et al 
(1986), surgical excision of metastases was of significant benefit in patients with diploid, 
compared with aneuploid, primary tumors. Rainwater et al (1987) reported increased probability 
of metastases and decreased long-term (10-year) survival for patients with aneuploid grade I 
and II clear cell carcinomas when compared with diploid tumors (37% vs. 62%). In a study of 59, 
stage I renal carciomas Larsson (1994) concluded that DNAploidy and S-phase fraction were 
of prognostic value. In other studies, DNAploidy and/or proliferative fraction were found to be 
significant by some (Larsson et al, 1993; Ljungberg et al, 1996; del Vecchio et al, 1998; Di 
Silverio et al, 2000; Abou-Rebyeh et al, 2001) but not by others (Ekfors et al, 1987; Grignon et 
al, 1989; Currin et al, 1990; Nakano et al, 1993; Yu et al, 1993; Ciancio, 1995; Shameem et al, 
1996; Tannapfel et al, 1996). There is still no consensus with respect to the significance 
of DNA ploidy and proliferation fraction in renal cell carcinoma (see Chap. 40). 

In a study of DNAploidy in Wilms' tumors, Rainwater et al (1987) found that patients with 
advanced stage disease (lll/IV) and tetraploid tumors fared significantly worse than patients with 
diploid or aneuploid tumors. 

Human Tumors Without Prognostic Significance of DNA Histograms 
Thyroid Tumors 

Endocrine tumors, in general, are characterized by the presence of polyploid and aneuploid 
cells but the presence of an aneuploid population does not necessarily signify malignant 
behavior. Nodular goiters from 15 of 81 patients studied by Castro et al (2001) and 11 of 108 
patients by Mizukami et al (1992) were aneuploid. Greenebaum et al (1985), Joensuu et al 
(1986), and Czyz et al (1994) found that many thyroid adenomas had aneuploid tumor cell 
populations. Conversely, many of the thyroid cancers are diploid, particularly those that 
are well differentiated, including papillary, follicular and medullary carcinomas (Johannessen et 
al, 1981; Tangen et al, 1983; Joensuu et al, 1986; el-Naggar, 1990; Mizukami et al, 1992; 

Castro et al, 2001). Cusick et al (1991) found similar proportions of benign and malignant 
follicular neoplasms to be aneuploid. Hruban et al (1990) found that only 2 of 27 follicular 
adenomas and 3 of 11 follicular carcinomas were nondiploid and that DNAploidy was of no 
prognostic value. Only Hay et al (1990) attached diagnostic significance to the DNA distribution 
in medullary carcinoma. 

As part of a nationwide study of thyroid carcinomas in Iceland, Jonasson and Hrafnkelsson 
(1994) measured DNAploidy in 424 tumors and found aneuploid populations in approximately 
10% of papillary carcinomas, 24% of follicular carcinomas, 43% of medullary carcinomas, and 
79% of anaplastic carcinomas. They also measured S-phase fraction, which was somewhat 
lower in papillary carcinoma than in other histologic classes, but neither DNA ploidy nor S- 
phase fraction were of independent prognostic significance (see Chap. 30). 

Adrenal Tumors 

Bowlby et al (1986) found all 16 adenomas of the adrenal cortex to be diploid and 5 of 6 cortical 
carcinomas aneuploid. In children with adrenocortical tumors, Taylor et al (1987) reported that 
seven unimodal (diploid) tumors from 5 patients were clinically benign after long follow-up, 
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whereas 4 of 5 tumors with abnormal DNA distribution metastasized. Venara et al (1998) 
reported that 9 of 16 adrenal cortical tumors in children were aneuploid and that the only 2 to 
metastasize were large and aneuploid. Camuto et al (1991) reported 21 of 22 adrenal 
carcinomas to be aneuploid. Cibas et al (1990) found aneuploid stem lines in 9 of 13 
carcinomas and 6 of 30 adenomas. While DNAploidy was highly correlated with tumor size and 
mitotic rate, there was no difference in survival of patients with aneuploid versus diploid tumors, 
and patients with aneuploid adenomas have remained alive and well. 

Rainwater et al (1989) examined 20 benign and 6 malignant aldosterone-producing tumors. 

Only 3 of 6 malignant tumors were aneuploid, and they were the only patients to die of their 
tumor (the 3 other malignant tumors and 3 of 20 benign tumors were tetraploid or polyploid). 

Shono et al (2000) studied 67 hormone-secreting cortical adenomas and found 8 to be 
aneuploid and 27 tetraploid. For further comments, see Chapter 40. 

Pheochromocytomas are difficult or impossible to classify as malignant or benign on 
histologic grounds alone, and prognostic significance has been sought in flow cytometric 
studies of DNAploidy and proliferation. In an early study by Amberson et al (1987), 13 of 19 
clinically benign pheochromocytomas had tetraploid or aneuploid DNA. More recently, Nativ et 
al (1992) reported that one-third each of 184 pheochromocytomas and paragangliomas were 
diploid, tetraploid and aneuploid. All patients with metastases had tetraploid or aneuploid 
tumors, and the 12 patients who died of pheochromocytoma had abnormal DNAploidy. None of 
64 patients with diploid tumors died of their tumor. All 7 malignant tumors in the study by Pang 
and Tsao (1993) had tetraploid or aneuploid DNA populations, as did 16 of 72 benign tumors. In 
a study of 62 patients followed for a minimum of 10 years, Hosaka et al (1986) reported that all 
18 tumors with diploid DNA followed a benign clinical course, while 8 of 26 with 
tetraploid/polyploid tumors and 7 of 18 with aneuploid tumors were malignant. In a study of 36 
patients, Garcia-Escudero et al (2001) also concluded that diploid DNA is a marker of good 
prognosis, 
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though not all nondiploid tumors are necessarily malignant. Thus, with rare exceptions (Brown 
et al, 1999), there appears to be a consensus that diploid DNA predicts a benign course, 
whereas non-diploid tumors may be either benign or malignant. 

Neuroblastoma 

Look et al (1984) reported that infants with hyperdiploid neuroblastoma responded better to 
chemotherapy than did infants with diploid tumors. Subsequently, Gansler et al (1986), Naito et 
al (1991), Huddart et al (1993), and Kusafuka et al (1994) also reported that patients with 
diploid neuroblastomas had a less favorable prognosis and suggested the consideration of 
more aggressive treatment for this group of tumors. 

Pituitary Tumors 

In a series of reports, Anniko et al (1984, 1985) examined tumor tissue from 62 patients with 
pituitary adenomas and found approximately half to be nondiploid. Aneuploidy was lower in non- 
hormone-secreting tumors (22%) and highest in prolactinomas (70%). Similar findings were 
reported by Ludecke et al (1985), Hulting et al (1989), and Bononi et al (1994). Chae et al 
(1996) studied DNAploidy and proliferative activity in 16 recurrent versus 17 nonrecurrent 
pituitary adenomas and found no significant differences. Fomas et al (1996) reported that high 
proliferative index (PCNA) distinguished pituitary hyperplasia from normal. 
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Gastric Carcinomas 

The prognosis for gastric carcinoma is highly dependent on stage of the disease (see Chap. 
24). While the Japanese have shown that very early stage carcinomas, still confined to the 
gastric mucosa, have a favorable outlook, the prognosis for more advanced carcinomas is 
dismal, and overall 5-year survival is an estimated 21% (Greenlee et al, 2001). In fully 
developed tumors, the rate of aneuploidy varies from 50% to 75%, with a tendency for more 
advanced carcinomas to be aneuploid (Candel et al, 1994; Sasaki et al, 1999). Whether DNA 
ploidy or proliferation are independent prognostic parameters still is controversial, perhaps in 
part because measurements can vary, depending on sampling. Thus, DNA ploidy has been 
reported to have independent prognostic value by some investigators (Yonemura, 1990; 
Tsushima et al, 1992; Flyger et al, 1995; Russo et al, 2001), particularly for resectable and 
potentially curable tumors (Danesi et al, 2000), but of borderline or no prognostic significance 
by others (Filipe et al, 1991; Candel et al, 1994; Omejc et al, 1997; Esteban et al, 1999). 

S-phase fraction (SPF), proliferative index (S + G2M) and bromodeoxyuridine (BrdUrd) labeling 
have been used to determine whether proliferation is of prognostic value, and results are again 
inconsistent. Russo et al (2001) found SPF to be significant, as did Lee et al (1999), whereas 
Filipe et al (1991), Esteban et al (1999), and Danesi et al (2000) did not. BrdUrd labeling is 
more accurate than S-phase calculations to determine proliferation and Ohyama et al (1990) 
and Sendler et al (2001) reported that it did have independent prognostic significance. 

Odegaard et al (1987) reported aneuploidy in the uninvolved mucosa of patients with aneuploid 
gastric carcinoma and increased proliferative index in the uninvolved mucosa, accompanying 
both aneuploid and diploid carcinomas. None of 9 gastric polyps were aneuploid. Macartney 
and Camplejohn (1986) found DNA aneuploidy in 5 of 7 cases with severe dysplasia, but not in 
regenerative changes. 

Evidence that DNA ploidy or proliferative markers are of prognostic value in gastric carcinoma 
is still inconclusive. 

PRECANCEROUS EPITHELIAL LESIONS 

As noted, not all malignant tumors are aneuploid and not all aneuploid tumors are malignant. 
While genetic abnormalities, by definition, are responsible for neoplastic transformation, they 
may involve translocations, inversions, deletions or amplifications that do not alter the total 
content of DNA or are too small to be measured. It is of interest that at least some 
precancerous epithelial lesions are reported to have populations of aneuploid cells. These 
include oral leukoplakia, discussed above, and uterine cervical intraepithelial neoplasms (see 
Chap. 11). Not surprisingly, the high-grade cervical squamous intraepithelial lesions are more 
frequently aneuploid than are low grade lesions (Jakobsen et al, 1983). Aneuploidy has been 
reported also in carcinoma in situ of skin (Newton et al, 1986), larynx (Bjelkenkrantz et al, 

1983), esophagus (see above), stomach (Macartney and Camplejohn, 1986) and colon 
(Hammarberg et al, 1984; Petrova et al, 1986; Quirke et al, 1986). Carcinomas can arise from 
epithelium in which there are presumed, but nonmeasurable, changes in DNA as has been 
demonstrated by Hanselaar et al (1988), who observed invasive carcinomas of the cervix 
arising from diploid precancerous lesions. 

HEMATOLOGY 

Automated Blood Counts 
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Automated blood cell counts are responsible for the vast majority of clinical applications of flow 
cytometry and, except when some abnormality is encountered requiring visual review, they have 
entirely replaced the manual blood cell count. Less frequent, but more critical, is the role that 
flow cytometry plays in the classification of leukemias and lymphomas, which now incorporates 
antigen expression (immunophenotyping) as a reflection of cell differentiation (see below). 

The red blood cell count is essentially the same as the total cell count of whole blood. This is 
because the ratio of red to white cells is 1,000:1 and the presence of 0.1% white cells can be 
ignored. Red blood cell parameters, that is, the distributions of red cell size and shape, are 
measured by light scatter of the cells. Hemoglobin content was initially measured by absorption 
of light at 420 nm. However, this required a research flow cytometer with a near UV light 
source. An alternative approach, better suited to clinical instruments, is to swell the red cells to 
a spherical shape in hypotonic medium and measure light scatter at two different 
nonoverlapping forward angles (e.g., 2.5° to 3.5° and 5° to 15°). Red cell volume and internal 
density (i.e., hemoglobin content) can be calculated from these light scatter 
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measurements. Immature red blood cells, which contain remnants of RNA (reticulocytes), are 
identified by staining for RNA with fluorescing dyes (e.g., thiazole orange) or absorbing dyes 
(e.g., new methylene blue). 

Differential peripheral white blood cell counts are based primarily on differences in the light 
scatter properties of the major subsets of nucleated blood cells, first reported by Salzman et al 
(1975). It is not necessary to stain the cells, but it is necessary to lyse red blood cells. Then, by 
plotting forward angle (0.5° to 3.0°) light scatter, which is a measure of cell size, against right 
angle (90°) scatter, which depends on cytoplasmic granularity, it is possible to distinguish and 
separately identify and count granulocytes, lymphocytes, monocytes, eosinophils and basophils 
(see Fig. 47-5), with discrimination improved subsequently by using polarized light. At least a 
small proportion of the cells present are normal lymphocytes and these serve as an internal 
control. The total white cell count is determined by counts of a known volume of blood. An 
abnormal total or differential count, or the presence of immature cells with different light scatter 
properties, signal the need for visual microscopy. 

Platelets range from 1 to 5 pm in size and can be identified in whole blood by 2-dimensional 
plots of forward scatter vs. immunofluorescence staining with an antibody to platelet 
glycoproteins llb/llla (e.g., CD41). Because platelets are so small, diluents and reagents must 
be particle free. It is important to minimize handling during collection and processing to avoid 
activation and clumping of platelets. 

Analysis of Lymphomas and Leukemias 

Some of the lymphomas and leukemias are characterized by aneuploid DNA content 
(Look et al, 1982), which has been used to determine minimal residual disease (Nowak et al, 

1997), and also to examine spinal fluid for meningeal involvement (Redner et al, 1984, 1986). 

The classification of most hemopoietic neoplasms is by a combination of antigen 
expression and morphology, chromosomal karyotype and molecular genetics. The 
principal clusters of differentiation present on the surfaces of leukocytes are listed in Table 5-1 
in Chapter 5. Flow cytometry is essential for determination of antigen expression (see Chap. 

31). 



TABLE 47-6 SPECTRAL CHARACTERISTICS OF FLUOROCHROMES COMMONLY 
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USED FOR LABELING ANTIBODIES 3 



Dye 



Excitation Maximum Emission 



Fluorescein isothiocyanate (FITC)^ 



490 nm 



520 nm 



Phycoerythrin (PE) 



480-560 nm 



578 nm 



Per CP 



550 nm 



575 nm 



a Other fluorochromes that are excited in the red (Texas Red, Cy3, Cy5, Phycocyanin, 
XRITC) have been designed to be used with FITC and PE in a three-color system. 
They are excited either directly by a krypton or HeNe laser in a dual laser instrument or 
by energy transfer (Phycoerythrin-Allophycocyanin, Phycoerythrin-Texas red) from a 
blue-excited dye (PE). 

k FITC is also an excellent protein stain. 



In most cases, as already indicated, there are at least 4 measurements of each cell: two scatter 
and at least two fluorescence measurements. These data can be analyzed by the same 
statistical algorithms that are used to analyze the multidimensional data of high resolution image 
analysis (see Chap. 46). However, a much simpler approach is commonly taken, beginning with 
two dimensional scattergrams of forward vs. right angle (90°) light scatter (RALS) and antibody 
to CD45 (leukocyte common antigen) vs. RALS. The antibodies are labelled with fluorochromes 
with various excitation maxima (Table 47-6). The normal cellular components are represented 
by clusters of dots in distinctive locations (Fig. 47-15). Blasts in peripheral blood, marrow or 
lymph node would be represented by dots in a unique location; more mature leukemic cells 
would have measurements close to, or superimposed on, normal populations. The cells of 
interest, whether blasts or more mature, as determined by light microscopy, are selected 
(gated) in these initial scattergrams and the gated population is then viewed in a sequence of 
2-dimensional scattergrams of different antibody combinations. In this way, the antigenic 
features of interest are measured on a defined population of cells. In moving from one 
scattergram to the next, it is convenient to color the dots representing the selected population 
and, if the relationships between several different populations are of interest, they can each be 
given a different color. 

To classify a suspected lymphoma or leukemia, it is typically necessary to determine which of 
as many as 20 or more different antigens are expressed by the cells of the suspect population 
(Table 47-7). Suspensions of unfixed, viable cells from blood, bone marrow or lymph nodes are 
stained usually in sets of two antibodies against two different antigens (it is technically feasible 
to stain with as many as six different antibodies simultaneously). The antibodies are labeled 
with fluorescent dyes of different wavelengths, listed in Table 47-6. Two examples of such 
analyses are illustrated in Figures 47-16 and 47-17. 

Once the panels of immunocytologic expression markers characteristic of a leukemic population 
are determined, they can be used to determine the presence or absence of minimal residual 



3032 / 3276 



47 - Flow Cytometry 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 
disease in marrow during, or following, treatment. 

P.1734 

Stacchini et al (2003) found that flow cytometry (FCM) and morphologic evidence of minimum 
residual disease correlated in 84% of cases. In 25 of 210 specimens with biopsy evidence of 
minimum residual disease, the FCM panel was negative, because of myelofibrosis and scanty 
aspirate. In five cases, residual disease was detected by FCM but leukemic cells were too few 
to be identified by conventional microscopy. The interested reader is referred to Chapter 31 and 
any of several monographs dealing with this topic in detail (Laerum and Bjerknes, 1992; 

Stewart and Nicholson, 2000; Jaffe et al, 2001; Keren et al, 2001; Nguyen et al, 2003). 




Figure 47-15 Two-dimensional flow cytometric scattergrams of normal peripheral 
blood. A Forward (2°-5°) versus side (90°) light scatter. Lymphocytes (red) are small with 
little cytoplasm and have low forward and low side scatter. Monocytes (green) are larger, 
have more cytoplasm, and greater forward and side scatter. Granulocytes (blue) are about 
the size of monocytes but have more granular cytoplasm and much greater side scatter. B. 
CD45 antibody expression vs side scatter. Cell populations as above. Note that 
lymphocytes strongly express CD45. The pale yellow cluster is made up of red blood cells 
and debris. 



NEW HORIZONS 

Over the last several years, a remarkable number of innovative cytometric techniques were 
developed for research applications in cell biology. Many have yet to find clinical laboratory 
application, but the research process is under way to define and measure cell parameters of 
potential clinical value. Flow cytometry crossmatching for transplantation of solid organs 
is one such example (Bray, 1994). It proved to be the most sensitive method for detecting 
alloantibodies and is now an invaluable aid in the selection of organ recipients. Indirect 
immunofluorescence is used to detect alloantibody in serum of the recipient that has bound to 
donor cells after incubation. A positive test (bound antibody) is an indicator of antibodies to 
donor cells that will result in transplant rejection. 

Flow cytometry assays for simultaneous measurement of DNAand RNA were developed 
by Darzynkiewicz et al (1976, 1980, 1994) and Traganos et al (1977) based on differences in 
fluoresence emission of the metachromatic dye acridine orange when intercalated into double 
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stranded DNA (green) versus binding to single stranded RNA(red). To study the chromatin 
structure of whole cells, Darzynkiewicz et al (1976, 1979) removed RNAand used acridine 
orange to measure extent of single-stranded versus native double-stranded DNA in acid or 
heat-treated cells. Differences in resistance to denaturation distinguished diploid Go from G-| 
cells and tetraploid G2 from mitotic cells with the same DNA content (Fig. 47-18). Evenson et al 
(1980) used this same technique to demonstrate that subfertile men (and animals) had 
abnormal sperm chromatin manifested by diminished resistance to denaturation (Fig. 47-19). 

The technique also proved of value in monitoring the effects of toxic agents or irradiation on 
germ cells. 

Flow cytometry assays have been developed for detection of specific mRNA species ( Belloc et 
al, 1994), micronuclei assays for irradiation or chemical toxicity (Nusse et al, 1992, 1994; Miller 
et al, 1993; Smolewski et al, 2001), chromosome flow karyotyping (Carrano et al, 1979; Gray et 
al, 1987), detection of malarial and other parasites or viruses (van Vianen et al, 1993), 
detection of microorganisms in environmental samples, flow cytometry of algae and plant 
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cells and other applications (see summaries by Darzynkiewicz et al, 1994; Bauer et al, 1993; 

Shapiro, 1995). A variety of soluble analytes also can be detected and quantified by flow 
cytometry using antibody-coated microspheres to capture the analyte, followed by a fluorescent 
anti-analyte antibody. 



TABLE 47-7 FLOW CYTOMETRY ANTIBODY GROUPS FOR CELL TYPE 
CLASSIFICATION IN LYMPHOMA/LEUKEMIA 



Hematopoietic stem cells and early differentiation markers: CD34, CD117, TdT, CDIa 

B Cell 

Precursor B-cell acute lymphocytic leukemia: CD19, CD10, TdT, cCD22, cells 
express either kappa or lambda, CD34 + , CD117' 

Normal B-cell precursors (hematogones): CD19, CD10, TdT, very low side-scatter 

Normal mature B cells: CD19, CD20, CD22, and polyclonal mixture of cells 
expressing kappa and lambda 

Neoplastic mature B cells: CD19, CD20, CD22, and monoclonal cells expressing 
either kappa or lambda 

Chronic lymphocytic leukemia/small lymphocytic lymphoma: CD19, CD20, CD5, 
CD23 

T Cell 

T-cell precursors: CD2, CD7, CD3, CDIa, TdT, cells may express both CD4 and 
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CD8 

Normal mature T cells: CD3, CD2, CD5, CD7, and either CD4 or CD8 

Neoplastic mature T cells: CD3, CD2, CD5, CD7, and either coexpressing CD4 
and CD8, negative for both, or a mix of coexpressing and negative cells 

Myeloid 

Myeloid precursors: CD13, CD33, CD117, CD34 

Myelocyte markers: CD13, CD33, CDIIb, CD15, CD16, HLA-DR, 
myeloperoxidase-positive 

Acute (M3) myelocytic leukemia: CD13, CD33, other markers that are negative or 
weak include CD34, HLA-DR, CDIIb, CD15, CD16 

Other 

Monocyte markers: CD14, CD33, CD64 

Erythroid precursors: CD71 (transferrin receptor), glycophorin 

NK cells: CD16, CD56, CD57 

Plasma cell markers: CD38, CD138, CD56, cytoplasmic kappa or lambda 
Megakaryocyte markers: CD41, CD42, CD61 
Activation markers: HLA-DR, CD25, CD30, CD38 

Mantle cell leukemia: bright CD20 (>CD19), CD5, CD23", bright kappa or lambda, 
cyclin Di 

Hairy cell leukemia: CD20, CD25, CDIIc, CD103, FMC 7 



This table may give the reader an overview of the value of multiparameter antigenic 
expression in classification of leukemias and lymphomas. See also Chapter 31. 



Examples of the many functional attributes and/or constituents of living cells that can be 
quantified by flow cytometry include live cell measurements of membrane potential, intracellular 
pH, intracellular calcium ion, mitochondrial function, lysosomal proton pump function, drug efflux 
(multidrug resistance) (Krishan et al, 1997), phagocytosis and oxidative burst, activity of various 
proteases, enzyme kinetics and other kinetic studies. 
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At the single molecular level, Goodwin et al (1993) a decade ago proposed that sizing of 
fluorescently labeled DNA fragments was possible by flow cytometry. Development of single 
photon counting photodiode detectors greatly increased sensitivity of fluorescence 
measurements and with more highly efficient DNA binding fluorescent dyes (e.g., Molecular 
Probes' Sytox-orange), flow cytometry may soon rival gel electrophoresis for DNA fragment size 
analysis (Yan et al, 2000). Kim and associates (1999) at the Los Alamos National Laboratory 
demonstrated the feasibility of rapidly typing bacterial species by flow cytometry assays of 
restriction fragment length polymorphisms (RFLP). 

For a detailed overview of new developments in flow cytometry, the reader is referred to the 
excellent monograph edited by Darzynkiewicz, Robinson, and Crissman (2001). 

LASER SCANNING CYTOMETRY 

One of the criticisms often levied against flow cytometry is that it is not possible to correlate a 
specific measurement with the corresponding cell. Once measured, the cell is lost, except by 
cell sorting, which segregates for further analysis a class of cells, rather than single cells 
matching single measurements. So far, the efforts to develop methods of visualizing cells in flow 
have been unsuccessful. 

Another approach was taken by Kamentsky and Kamentsky (1991) who developed an 
instrument capable of performing flow cytometric types of measurements on individual cells 
placed on microscopic slides. The same cells can be recalled for repeat measurements with 
different stains or excitation sources. The measurements can be correlated directly with the 
conventional morphologic criteria on a cell by cell basis. 

The laser scanning cytometer or LSC (CompuCyte Corporation, Cambridge, MA) is a 
microscope-based instrument (Fig. 47-20). The cells or tissues to be examined on a glass slide 
are placed on a computer controlled stage of the microscope. Excitation through an epi- 
illumination port of the microscope is by a laser beam focused to a 2.5 pm spot (at 40 * 
objective) that is reflected by a mirror oscillating at 350 Hz to form an excitation line measuring 
300 pm in length in the y-axis. The cells or tissue on a slide move through this line in the x-axis 
of a motorized stage at 0.5 pm steps for each laser scan. The x,y position of the target is 
recorded with each measurement. The instrument diagramed in Figure 47-20 has two excitation 
laser light sources. Newer instruments are equipped with three different excitation beams: a 
blue argon ion laser, a red helium neon laser, and a violet laser. Foreward angle light scatter is 
imaged by the condenser and collected by a sub-stage solid state sensor. Fluorescences 
emitted by the specimen are collected by the objective lens and reflected through a series of 
dichroic mirrors and filters that separate it into specific wavelength ranges to be recorded by as 
many as six different, appropriately filtered photomultipliers. Some of the fluorescence emission 
can be directed to a CCD color camera for imaging. Cells can be selected for visualization or 
photography by fluorescence or may be restained and examined by bright field optics. An 
instrument, based on the same principles, has been developed to carry out physiologic and 
pharmacologic studies of cells in tissue culture wells. 

P.1736 



3036 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



47 - Flow Cytometry 




Figure 47-16 Flow cytometric scattergrams of bone marrow, normal and acute 
myelogenous leukemia. A Normal bone marrow, CD45 vs. side (90°) light scatter. R-| 
(red), lymphocytes; R2 (green), monocytes; R3, hematogones (immature cells); R4, blasts; 
R5 (orange), granulocytes; R6 (blue), red cells and debris. B. Bone marrow of a 55-year- 
old woman with acute myelogenous leukemia. The population, R-] (red), is in the location 
of blasts and continuous with granulocytes (FR4). It is gated for study of antigen expression 
in C and D. The gated population expresses CD33, a myeloid marker, and co-expresses 
two markers for blast cells, CD34 in C and CD117 in D. 
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Figure 47-17 Flow cytometric scattergrams of pleural fluid with diffuse large B cell 
lymphoma. A Each of the several populations present in the fluid was separately gated. 
B. One of the selected populations expressed B lymphocyte markers (CD19, CD20), and 
an activation marker (CD10). C,D. Show that the selected cell populations was monoclonal 
(kappa positive and lambda negative). In this case, cytologic suspicion of lymphoma could 
be conclusively confirmed by flow cytometry. 



The multiple measured properties of each cell are recorded in list mode by computer software 
that defines the nuclear and cytoplasmic contours. The properties typically derived include: 
forward light scatter, area of the cell and/or nucleus, perimeter length of cell or nucleus (in 
micrometers), peak and integrated fluorescence at each wavelength measured for the whole 
cell, nucleus, or selected subcellular components, x,y coordinates locating the cell on the slide, 
time of measurement, and neighboring (background) fluorescence. Configuring algorithms can 
be set to exclude (threshold out) overlapping cells, cell clusters, and cellular 
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debris. Data are presented graphically in the same way as in flow cytometry. As noted above, 
the cells can be restained after initial measurements, relocated by their x,y coordinates, and 
new features recorded for each cell in the list mode table. If desired, the cells can be relocated 
and visualized (Fig. 47-21). In some cases, the intensity of immunocytologic staining is of 
interest as, for example, in expression of receptors, and can be precisely quantified (Fig. 47- 
22 ). 
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Figure 47-18 DNAdenaturation in the cell cycle. Differences in resistance to 
denaturation plotted against total DNA content distinguish diploid G-| from Go cells and 
tetraploid G2 from mitotic cells. (Courtesy of Z. Darzynkiewicz, New York Medical College, 
Valhalla, NY.) 



The instrument has been described in more detail by Kamentsky et al (1997, 2001), with an 
assessment of its potential clinical applications by Darzynkiewicz et al (1999) and Tarnok and 
Gerstner (2002). The manufacturer maintains a website with a bibliography of scientific 
publications using the instrument (www.compucyte.com). 




Figure 47-19 Sperm denaturation. A Sperm from a normally fertile male resist heat 
denaturation and fluoresce green when stained with acridine orange. B. Sperm from a 
subfertile male lose resistance to heat denaturation and fluoresce red when stained with 
acridine orange. Measurements of red vs. red + green fluorescence are made by flow 
cytometry and give a quantitative parameter of fertility for sometimes normal-appearing 
sperm. (Courtesy of Dr. D. Evenson, South Dakota State University, Brookings, SD.) 
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The instrument offers a number of other advantages. Small samples with scant cellularity, such 
as spinal fluid for example, can be measured without loss of cells. Multistep staining processes 
can be carried out without loss of cells and with minimal volumes of sometimes expensive 
reagents. For cells emitting low intensity fluroescence signals, sensitivity can be increased by 
re-scanning and summing signal measurements. Since the cells are retained on the slide after 
completion of measurements and their location is known, they can easily be rescanned at 
selected time intervals to determine the kinetics of enzymatic or other intracellular processes. 
Morphologic features of each cell can be measured and recorded. Subcellular components that 
cannot be measured by flow cytometry are measurable by laser scanning cytometry. An 
example of this is shown in Figure 47-23, in which a deletion of one chromosome 8 was 
demonstrated in human bladder cancer cells by fluorescence in situ hybridization or FISH 
probes of that chromosome. Selected cellular products can be followed as they move from one 
to another compartment of the cell and measurements can be carried out on cells in histologic 
sections (see below). Measurement rates up to 5,000 cells/min are slower than by flow 
cytometry, but adequate for most purposes. 

Fluorescence measurements can be localized specifically to cell membrane, cell cytoplasm, 
nucleus, or nucleolus. By sequential measurements on the same cell over time, it is possible to 
trace the movements of selected cellular constituents from one cellular compartment to another 
(Deptala et al, 1998; Gorczyca et al, 2001; Juan and Cordon-Cardo, 2001; Kakino et al, 1996). 
Gorczyca et al (2001) used the morphometric capability of the LSC to quantify number and size 
of nucleoli and expression of the nucleolar protein, nucleolin, in mitogenically stimulated 
lymphocytes. These authors were also able to demonstrate translocation of nucleolin from the 
nucleolus to nucleoplasm as the cells progressed through the cycle and into the next cycle. 

Bedner et al (2000) demonstrated translocation of the proaptotic 
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protein Bax into mitochondria to activate caspases at initiation of apoptosis (see Chap. 6). The 
imaging and localization feature, and high sensitivity of the instrument, also has been used to 
identify and count FISH probe spots in interphase nuclei and metaphase spreads (Kamentsky 
et al, 1997; Kobayashi et al, 2000). 




Figure 47-20 Laser scanning cytometer (LSC). Diagrammatic representation of the 
instrument showing dual laser excitation beams (argon ion, helium neon), each focused to 
a 2.5-pm spot, forming a scan line in the y-axis of the slide. With each scan, the slide is 
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moved 0.5 pm in the x-axis. The fluorescence generated by each cell is collected back 
through the objective lens of the microscope, passed through mirrors and filters to 
photomultipliers where it is converted to electronic signals that are analyzed and displayed 
by computer. 




X Position 



Figure 47-21 Laser scanning cytometric analysis of cytology imprint of carcinoma 
to quantify apoptosis. Apoptotic cells were identified by labeling DNA strand breaks, as 
described in legend to Figure 47-13. The cells were then restained with an anti-cytokeratin 
antibody to distinguish positive carcinoma cells from negative stromal and inflammatory 
cells. The relocated apoptotic cells could then be shown to be cytokeratin-positive by LSC 
and confirmed as carcinoma cells on visual examination. 



Clatch et al (1997) used LSC to measure DNA distribution of breast cancer cells in aspiration 
biopsy (FNA) specimens, selected by expression of cytokeratins, and to immunophenotype 
hemopoietic specimens. Others have studied cytology specimens of sputum (Woltmann et al, 

1999) and urinary sediment (Kawamura et al, 2000; Wojcik, 2001). Gorczyca et al (1997, 2001) 
made use of the LSC to quantify expression of various cellular antigens in cytologic specimens 
and histologic sections of a number of human solid tumors. The measurements were objective, 
quantitative and reproducible, and yielded histograms of the intensity of fluorescence per cell, 
as well as percent of positive cells. In addition to DNA measurements, which had a CV <4%, 
measurements included cyclin B-], apoptotic and proliferating cells, and estrogen and 
progesterone receptors in breast cancer. Clatch and his associates (1998, 2001) have used the 
LSC for immunophenotyping hemopoietic neoplasms and specimens of carcinomas obtained by 
FNA (1997). Gerstner et al (2000) used LSC for immunophenotyping of peripheral blood in 
neonates. 

Laser scanning cytometry is particularly useful for examinations of fine needle 
aspirates (FNA), in which there 
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are very limited numbers of cells, and close correlation of cytometry with cell morphology is 
helpful. It also makes possible the cytometry of select, small portions of tissue in paraffin 
blocks, excluding unwanted extraneous tissues (Kamiya et al, 1999). Other applications of the 
LSC include the micronuclei assay for monitoring nucleotoxic effects of irradiation or chemical 
mutagenic agents (Smolewski, 2001; Styles, 2001), time resolved kinetic measurements of 
intracellular enzymes (Bedner et al, 1998), or dissociation rates of DNA-fluorochrome 
complexes. Li and Darzynkiewicz (1999) emphasize the merge feature of LSC, permitting the 
same cells to be measured for certain attributes, when alive, and other attributes after fixation or 
permeabilization. 




Figure 47-22 Laser scanning cytometric analysis of expression of estrogen 
receptor (ER) in a histologic section of breast carcinoma. A Fluorescence intensity of 
fluorescein isothiocyanate (FITC) conjugated anti-ER antibody (green) varies from cell to 
cell. Nuclei are counterstained with propidium iodide (red). B. Histogram distribution of anti- 
ER fluorescence intensity {left). To correct for transected nuclei, the histogram distribution 
of the ratio of anti-ER antibody to propidium iodide (DNA) fluorescence is also shown 
{right). Control measurements were performed with unlabeled antibody. 



In summary, laser scanning cytometry offers the cytologist an opportunity to correlate cell 
classification and morphology by visual microscopy with measures of cellular constituents and 
functional attributes of potential prognostic significance, and to do so with sparsely cellular 
specimens. 
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technique. The centromere of chromosome 7 is labeled in green in the cells of a gastric 
carcinoma. The nucleus is counterstained by red fluorescing propidium iodide. There are 
two chromosomes 7 in three cells that are in G1 phase of the cycle and four chromosomes 
in one cell in G2 phase. B. Pseudo-three dimensional histogram of laser scanning 
cytometry (LSC) counts of a FISH probe to chromosome 8 in cells of a bladder carcinoma. 

On the x-axis ( left ), there is a single probe in most of the tumor cells, indicating that one 
chromosome 8 is deleted. The benign cells present ( center ) have two chromosomes 8. 

There are a few cells with three spots as a result of nonspecific (minor) binding sites. The 
cells were counterstained with propidium iodide for total nuclear DNA which is represented 
on the y-axis and increases as the cells progress through S-phase. 



Appendix: Flow Cytometry Techniques 



Nuclear DNA Measurements Using DAPI (Method of F. Otto, 1994) 

DAPI (4,6-diamidino-2-phenylindole) binds to the minor groove of the double helix. DNA 
measurement with this 
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fluorescent dye is considered the most precise presently available, yielding measurements 
capable of distinguishing X and Y chromosome bearing spermatids and XX from XY 
chromosome bearing lymphocytes. Coefficients of variation in the range of 1% are routinely 
possible. The dye is excited in the near-ultraviolet (360 nm). Hence, until recently it required a 
mercury arc lamp for excitation or a very expensive, unstable and inefficient Krypton laser. Now, 
however, an inexpensive and stable diode light source is available on commercial cytometers 
(CompuCyte, Cambridge, MA). for excitation in the violet. 

Specimen Preparation 

Solutions Needed 

1. Detergent solution 

100 ml distilled water 

2.1 g citric acid ■ H2O (0.1 M) 

0.5 ml Tween 20 (SERVA Heidelberg, Germany: Cat. No. 37470) 

2. Pepsin solution 

10 ml 0.1 N hydrochloric acid 

25 mg pepsin (Riedel-de-Haen, Seelze, Germany: Cat. No. 20821; 1200 ug) 

3. Staining solution (phosphate) 

100 mldH20 

7.1 g NaH2P04 ■ 2H2O 

0.2 mg DAPI (Partec, Munster, Germany: Cat. No. 06-5-4001) 

4. Staining solution (citrate) 
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100 mldH20 

5.9 g citric acid trisodium salt • 2 H 2 O 

0.2 mg DAPI 

The pepsin solution is not stable; prepare immediately before use. Other solutions are stable at 
room temperature for 2 weeks. DAPI staining solutions should be stored in the dark. 

1. Cells in suspension (blood cells, effusions, tissue culture suspensions) require no 
pretreatment except for suitable anticoagulation, and are measured fresh or after fixation, 
usually directly in 70% ethanol or after brief (30 sec) fixation in cold 1% formalin followed by 
ethanol. 

2. Cells from bone marrow are put into suspension by vigorous agitation in calcium and 
magnesium free PBS with EDTA then treated as above. 

3. Cells from solid tumors are brought into suspension by mincing with crossed scalpels in 
detergent solution for 20 min at room temp. The cell suspension is separated from residual 
solid tissue by aspiration, then centrifuged and the cell button resuspended and fixed in 70% 
ethanol. 

Fixed cells can be stored at 4°C or -20°C for up to several months. 

Staining 

1 . Cells in fixative are centrifuged at 200g for 10 min to remove the fixative and may be 
resuspended in saline and centrifuged again if necessary to be certain that the fixative is 
completely removed. 

2. The centrifuged sediment of cells not previously treated by detergent are resuspended in 
one volume of pepsin solution and incubated for 15 min at room temp with gentle shaking. 
Then 9 volumes of staining solution are added. 

3. Cells from solid tissues that were previously treated with detergent are resuspended in one 
volume of detergent solution and incubated at room temp for 10 min with gentle shaking. 
Then 6 volumes of staining solution are added. 

The cells in staining solution are stable for 24 to 48 hours at room temp but the best 
histograms are obtained at about 24 hrs. 

Chicken or trout erythrocytes, or murine or human lymphocytes, can be used as internal or 
external standards, and can be stored in 70% alcohol for at least 6 months. 

It should be remembered that DAPI preferentially stains AT-rich DNA which may affect 
comparisons of DNA content across species: however, it has no practical effect on relative 
measurements of benign or malignant human cells. 

Nuclear DNA Measurements Using Propidium Iodide (PI) (Method of L. Vindeiov 
and 1 Christensen) 

Propidium iodide is the most widely used DNA stain for flow cytometry. It is excited by the blue 
(488 nm) light of an Argon ion laser, standard on all commercial orthogonal flow cytometers, 
and DNA measurements with coefficients of variation around 2% are obtained routinely. It is the 
favored DNA stain for clinical applications because the red emission of PI is easily separated 
from the green emission of fluorescein when the latter is used in dual staining methods to 
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measure other cell constituents. 

Specimen Preparation 

Analysis is carried out on fresh, unfixed specimens. Samples can be stored long-term, if 
desired, frozen in citrate buffer with dimethyl sulfoxide (DMSO). 



Solutions Needed 




1 . 


Citrate buffer 






Sucrose (BDH) 


85.50 g (250 rrM 




Trisodium citrate • 2 H 2 O (Merck) 


11.76 g (40 mM) 




Dissolve in ■ H 2 O 


approx 800 ml 




Add DMSO (Merck) 


50 ml 




Add ■ H 2 O to a volume of 


1000 ml 




Adjust pH to 


7.6 


2. 


Stock solution 






Trisodium citrate • 2 H 2 O (Merck) 


1000 mg (3.4 mM 




Nonidet-P40 (Shell) 


1000 pi (0.1% v/v 




Spermine tetrahydrochloride (Serva, Cat. No. 35300) 


522 mg (1.5 mM) 




Tria (Sigma, Cat. No. T-1378) 


61 mg (0.5 mM) 




Add dH20 to a volume of 


1000 ml 


3. 


Solution A 






Stock solution 


1000 ml 




Trypsin (Sigma, Cat. No. T-0134) 


30 mg 




Adjust pH to 


7.6 


4. 


Solution B 






Stock solution 


1000 ml 




Trypsin inhibitor (Sigma, Cat. No. T-9253) 


500 mg 




Ribonuclease A(Sigma, Cat. No. R-4875) 


100 mg 




Adjust pH to 


7.6 


5. 


Solution C 
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Stock solution 



1000 ml 



Propidium iodide (Fluka) 



416 mg 



Spermine tetrahydrochloride (Serva, Cat. No. 35300) 1160 mg 



Adjust pH to 



7.6 
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Citrate buffer is stored at 4°C. Staining solutions are stored in aliquots of 5 ml in capped plastic 
tubes at -80° C. Tubes with solution C are wrapped in aluminum foil to protect PI from light. 
Before use, solutions are thawed in a water bath at 37°C, but not heated to 37°C. Solutions A 
and B are used at room temperature; solution C is kept in an ice bath. 

Method 

Cell suspensions are obtained by mechanical disaggregation using a 25 gauge needle on a 
disposable syringe. The needle is moved back and forth in different directions within the tumor, 
collecting material in the needle without allowing it to enter the syringe. The needle is flushed 

with 200 pi citrate buffer and the procedure repeated until 10® cells are obtained. The cells are 
stained and measured that day or frozen in citrate buffer and stored at -80°C. 

Staining 

Staining is performed by stepwise addition of the staining solutions, as follows: 

1 . 1800 pi solution A is added to 200 pi cell suspension in citrate buffer and the contents mixed 
gently by inverting the tube 2 or 3 times while incubating for 10 min at room temp. Too much 
agitation will increase cell debris and cell clumping. 

2. 1500 pi solution B is added and again mixed gently by inverting the tube during another 
incubation of 10 min at room temp. 

3. 1500 pi ice cold solution C is added to stop the staining reaction. 

4. The solution is mixed by inversion and the sample is filtered through a 25 pm nylon mesh into 
tubes wrapped with aluminum foil to protect the PI from light. The sample is kept in an ice 
bath until measured by flow cytometry, which should be between 15 min and 3 hrs. In the 
case of sparsely cellular specimens the final cell concentration can be increased by halving 
the staining solutions. 

Chicken and/or trout red blood cells in citrate buffer are used as an internal standard, and, like 
diagnostic cell samples, they can be kept frozen at -80°C for at least 5 yrs without deterioration. 
If used together, a ratio of CRBC : TRBC = 4: 7 will produce peaks of equal height in the 
histogram. The standard cells are added in an amount equal to 20% of the cells in the 
diagnostic sample. 

Simultaneous Analysis of Cellular RNAand DNA by Acridine Orange Staining 
(Method of Z Darzynkiewicz, 1944) 

Acridine orange (AO) is a metachromatic fluorescent dye that is uniquely capable of 
differentially staining single stranded (RNA) and double stranded (DNA) nucleic acids. Whole 
cells or cell nuclei are stained in suspension in a solution of the dye, and the free dye is in a 
complex equilibrium with dye bound to the nucleic acids of the cells. The basis for differential 
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staining lies in the very different form of dye binding to double stranded and single stranded 
nucleic acids, and differences in the affinity of binding. Briefly, the mechanism of staining is as 
follows: AO binds to double stranded (ds) nucleic acid by intercalation within the helix to 
fluoresce green when excited by blue light. It binds to single stranded (ss) nucleic acid by 
insertion between the bases to form solid-state stacks of alternating dye-base composition with 
red luminescence when excited by blue light. Some RNAin the cell is double-stranded (rRNA; 
tRNA) and must be selectively denatured under conditions that leave ds DNA intact. This is 
accomplished under stringent conditions of AO concentration in the presence of EDTA high 
ionic strength of the staining solution and pH. The differential staining of DNA and RNAis 
critically dependent on the concentration of free (unbound) AO, which remains in equilibrium 
with bound dye in the final staining solution and during measurement. If, for example, cell 

density exceeds 2 * 10®/ml the amount of bound dye is increased, free dye concentration is 
reduced and denaturation of RNAwill be incomplete. 

Specimen Preparation 

Solutions Needed 

1 . Stock solution of acridine orange 

Dissolve high purity AO (Molecular probes, Eugene, OR.; Cat. No. A 1301) in dH20to 
obtain 1.0 mg/ml concentration. May be kept in the dark at 4°C for several months. 

2. Solution A 

Triton X-100, 0.1% (v/v) (Sigma, St. Louis, MO) (necessary only if unfixed cells are to be 
stained). 
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HCI, 0.08 M (final concentration) 

NaCI, 0.15 M (final concentration) 

Prepare by adding 0.1 ml Triton X-100, 8 ml 1.0 M HCI, 0.877 g NaCI and sufficient dH20 
to a volume of 100 ml. May be stored at 4°C for several months. 

3. Solution B 

Acridine Orange 6 pg/ml (~20 pM) 

EDTA-Na, 1 mM 
NaCI, 0.15 M 

Phosphate-citric acid buffer, pH 6.0 

Prepare 100 ml buffer by mixing 37 ml 0.1 M citric acid with 63 ml of 0.2 M Na 2 HP 04 . 

Add 0.877 g NaCI, stir until dissolved. 

Add 34 mg EDTA disodium salt. Stir until dissolved. 

Add 0.6 ml stock solution of AO (1 mg/ml). 

May be stored for several months at 4°C in the dark. 

4. Nuclear isolation solution 
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10 mM Tris buffer (pH 7.6) 

1 mM Na citrate 

2 mM MgCl2 

0.1% (v/v) non-ionic detergent Nonidet (NP-40). 

Staining 

1 . Fix cells in suspension in 70% ethanol on ice. 

2. Centrifuge, remove all ethanol, rinse once and resuspend in Hank's buffered saline (HBSS) 
at a cell density less than 2 * 10®/ml. 

3. Transfer a 0.2 ml aliquot of cell suspension to a small tube, keep on ice. 

4. Add gently 0.4 ml of ice cold solution A on ice. Wait 15 sec. 

5. Add gently 1.2 ml of ice cold solution B. Measure cell luminescence during the net 2 to 10 
min, to allow for equilibrium. 

The specificity of staining can be assessed by incubations with exogenous RNase or DNase. 

Unfixed cells in suspension at a density of less than 2 * 10®/ml may be stained as above (steps 
3-5). 

Nuclear RNAcan be measured (with DNA) in cells stripped of cytoplasm. The nuclear isolation 
technique is as follows: 

Place trimmed fresh tissue in nuclear isolation solution and mince finely with crossed scalped 
blades or scissors. Pipette several times with a Pasteur pipette or large guage needle until 
clean nuclei are released into the supernatant (check by phase microscopy). Filter the nuclear 
suspension through a 40-60 p nylon mesh and resuspend in nuclear isolation solution at a 

concentration of 2 * 10® nuclei/ml. 

Fix cells in 70% ethanol on ice then stain and measure as above. 

DNAAssays of Paraffin-Embedded Specimens (Method of D. W. Hediey, 1994) 

Tissues fixed in formalin and embedded in paraffin are remarkably durable, even for decades, 
and DNA in the cells of most such tissues is sufficiently preserved for flow cytometry assays. 

DNA measurements are generally of poorer quality than in the case of fresh or freshly fixed 
specimens, and there is more debris. Nevertheless, useful determinations of tumor DNA index 
and S-phase fraction are possible. 

Specimen 

1 . The tumor, tissue or cellular specimen to be examined must be adequately represented in the 

selected paraffin block. The specimen in the block may be trimmed to eliminate as much non- 

* 

neoplastic tissue as possible, and a conventional histologic section is cut and examined to 
confirm the nature of the sample. 

2. One to four thick (>50 p) sections are cut on a microtome and can conveniently be carried 
through the following processes in a nylon mesh bag. Sections that are any thinner will 
contain too many transected nuclei and too much cellular debris. 
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3. Dewax in 2 or 3 changes of xylene, as necessary, then rehydrate for 10 min each in 100% 
ethanol followed by 95%, 70%, 50% ethanol and distilled H 2 O. 

4. Aspirate the H 2 O (centrifuge the tissue to a sediment, if necessary to avoid loss), mince and 
digest in 0.5% high purity pepsin (Sigma # P7012) in 0.9% saline adjusted to pH 1.5 by 
addition of 2 N HCI. Enzyme digestion is critical. The pepsin solution (1 .0 ml) is added to the 
tissue and digestion carried out with gentle agitation in a water bath at 37°C for 30 minutes or 
until microscopic examination shows bare nuclei or whole cells similar to those in the 
histologic section. 

5. Following digestion, nuclei should be washed and resuspended in buffered medium, filtered 
through a nylon mesh and adjusted to approximately 10® cells/ml. 

6. Staining is preferably with DAPI or propidium iodide, and requires RNase to remove any 
nuclear or residual cytoplasmic RNA 

Immunocytochemical Assays for Leukemias/Lymphomas (Technique at 
Westchester Medical Center, courtesy of M. Kajstura) 

Clonal proliferation of the hematopoietic cells of leukemia or lymphoma can be identified by 
immunocytochemistry and quantified by cytometry. 

Diagnosis and classification of leukemia/lymphoma is based on the detection of a clonal 
population of cells expressing antigens of an immature or inappropriate cell type. 

Sample Requirements 

Bone marrow or peripheral blood: Collect 1 ml of blood or marrow in a 3 ml (or larger) sodium 
heparin (green top) 
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tube. Specimen may be stored at room temperature for 24 hrs; to store longer (48-72 hrs), add 
1 ml of RPMI. 

Lymph nodes: Dissociate cells mechanically in RPMI culture medium with crossed scalpel 
blades or by gently probing with a 25 gauge needle. Sieve cell suspension through a 25 pm 
nylon mesh. Store single cell suspension in 10% fetal bovine serum (FBS) in RPMI at 4°C. 

Check viability of lymph node suspension with trypan blue (not necessary for blood or marrow 
unless visibly hemolysed or older than 24 hrs.) 

Cell Sample Preparation 

1 . Check WBC count (dilute bone marrow 1 : 4 with RPMI prior to counting). 

2. Adjust concentration of the specimen up to 10 x l0®/ml with RPMI (cell-to-reagent ratio 
different than recommended may result in an altered pattern of staining). 

3. Allow any visible particles to settle (or remove by sieving through a nylon mesh), and transfer 
the cell suspension to another (labeled) tube. 

4. Label each tube with the last name of the patient and with the marker or combination of 
markers or an isotype control for each of the selected markers. 

1 ml of a cell suspension at 10 * 10®/ml is required for up to 20 tubes with 3-color combination 
of markers for immunophenotyping. 
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Selection of markers varies depending on the expected abnormality as determined by review of 
the bone marrow or peripheral blood differential count, or examination of the histologic section 
of the lymph node, in conjunction with any special hematologic stains. 

Isotype controls corresponding to the antibody subclass of CD markers used to stain cells 
should be incorporated into an antibody panel. 

Staining Procedure 

1 . Add 50 pi of cell suspension to each labeled tube. 

If any surface immunoglobulin (slg) markers are to be measured (e.g., IgG, kappa, lambda), 
the cell suspension must be washed twice with 4 ml of RMPI to remove plasma 
immunoglobulins and the specimen treated with blocking solution to block FC receptors. 

2. Add 10 pi (or manufacturer's recommended amount) of each monoclonal antibody reagent to 
corresponding labeled tubes; change pipette tip and wipe pipette between each reagent. 

Vortex briefly (3 seconds; overvortexing will adversely affect scatter properties). 

3. Incubate tubes in the dark at room temperature for 20-30 min. 

4. Add 2 ml FACS lysing solution (Becton-Dickinson). Vortex immediately and incubate in the 
dark for 7 min (may be done in covered centrifuge). 

5. Centrifuge at 300 g for 5 min. Decant supernatant (repeat lysing step with 0.5 ml of lysing 
solution for 2 min. if sediment is not white). 

6. Resuspend and wash twice in PBS wash solution (1% PBS with 1% FCS and 0.1% NaN3). 
Centrifuge between washes at 300 g for 5 min. 

7. Decant supernatant and resuspend stained cells in 0.5 ml of 0.5% formalin. 

8. Mix and run in flow cytometer (or cover with parafilm and store at 4°C for up to 48 hrs before 
running). 

Acquisition and analysis of data performed using CELL-Quest software (BD). 

Intracellular Antigens Staining Procedure 

1 . Place 5 x 10 5 cells in each tube and add 10 pi of conjugated surface markers. 

2. Vortex each tube gently and incubate for 15 min at room temperature in the dark. 

3. Add 3 ml PBS wash solution to each tube and centrifuge 5 min. at 450 g. 

4. Add 100 pi of fixation reagent (medium A) (FIX& PERM Cell Permeabilization Kit — CALTAG). 

5. Incubate for 15 min at room temp. 

6. Add 3 ml PBS wash solution to each tube and centrifuge 5 min at 450 g. 

7. Add 100 pi of permeabilization reagent (medium B) and 10 pi of CD marker targeting 
intracellular component and isotype control to respective tubes. 

8. Vortex each tube gently and incubate for 15 min at room temperature in the dark. 

9. Wash with 3 ml PBS wash solution and centrifuge 5 min at 450 g. 

10. Decant the supernatant and add 0.5 ml of PBS wash solution (do not use fixative). 
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AAH. See Atypical adenomatous hyperplasia 

AATAAbox, 63 64 

Abnormal fusion product, 107 

Abortion, spontaneous, cytology of, 214 214 

Abrasive cytology, 12 13 13 14 

Abscesses 

brain, 1526 1527 1527 
retroperitoneum, 1494 
Acanthamoeba, 1510 1511 1511 
Acanthamoeba species, 868 
ACC. See Adrenal cortical carcinoma 
Acinar cells, pancreas, 1432 
carcinoma of, 1446 1447 1663 

Acinic cell carcinoma/salivary glands, 1243 1247 1248 1249 1249 1249 
eye/orbit, 1515 

Acquired immunodeficiency syndrome (AIDS), 124 125 563 564 
BALwith, 574 
diarrhea in, 624 
esophageal infections in, 851 
Candidiasis, 851 
cytomegalovirus, 851 
Nocard ia, 851 
Trichomonas vaginalis, 851 
lymphoid disorders, 999 1002 
moniliasis with, 716 
retroperitoneum lesions with, 1494 
spleen in, 1420 

uterine cervix carcinoma risk with, 286 
Acridine orange stain (AO), 1617 1716 
flow cytometry with, 1742 1743 
Acrocentrics, 93 

ACTH. See Adrenocorticotropic hormone 
Actin filaments, 31 40 1643 
Actinomycosis, lung, 607 608 608 
breast mastitis from, 1085 
cervix/vagina with, 265 266 266 
stain for, 1510 
tonsil, 716 

Acute bacterial meningitis 
CSF cytology, 1026 



3089 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



A 



Acute cervicitis/vaginitis 
cytologic atypias in, 258 259 
cytology of, 257 258 257 258 
of endocervix, 257 
histology of, 256 

of squamous epithelium, 256 257 256 
Acute colitis, 889 889 
Acute interstitial pneumonia (AIP), 603 
Acute leukemias, children with, CSF, 1010 
Acute lymphoblastic leukemias, CSF, 1036 1037 
Acute myeloblastic leukemias, CSF, 1036 1037 
Acute radiation pneumonitis, 628 
Acute respiratory distress syndrome (ARDS), 591 
Acute thyroiditis, 1154 
Adaptors, 27 
Adenine, 56 

Adenoacanthomas (endometrium), 431 432 523 
cells in, 440 441 442 443 
Adenocarcinoma (general), 146 

aspirated sample interpretation for, 1075 1076 See also specific organs 
Adenocarcinoma of uterine cervix, 395 396 397 398 399 400 401 402 403 404 405 406 
407 408 409 410 411 412 413 414 415 416 417 418 See also Cervix (uterine) 
adenocarcinoma 

Adenoid basal cell carcinoma (epithelioma), cervix, 415 540 541 
Adenoid cystic carcinomas 
breast, 1117 
cervix, 415 
clinical data on, 540 
cytology of, 541 
endometrium, 477 
esophagus, 863 864 
eye orbit with, 1515 
female genital tract, 540 541 540 
histology of, 540 541 540 
lung, 686 687 
oral cavity, 726 
prostate, 1275 

salivary glands, 1243 1246 1247 1247 1248 
trachea, 730 731 

Adenolymphoma. See Warthin's tumor 
Adenoma malignum, cervix. See Minimal deviation carcinomas 
Adenomas, 144 566 
liver, 1398 

Adenomatoid tumor, testis, 1283 
Adenomatous goiter. See Colloid goiter 
Adenomatous polyposis coli (APC), 144 
Adenomatous polyps 
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bladder, 823 

clinical/pathologic data on, 891 892 
colonic, 891 892 
cytology of, 892 

Adenomucinosis, ovary, 985 986 987 987 
Adenomyoepithelioma, breast, 1100 
Adenosarcoma, female genital tract, 535 
Adenosine diphosphate (ADP), 37 
Adenosine triphosphate (ATP), 37 54 
Adenosis of bladder. See Nephrogenic adenoma 
Adenosis, vagina, 466 
Adenosquamous carcinoma 
cells in, 440 441 442 443 
endometrium, 431 432 
lung, 647 669 670 669 
ovarian, 523 
pancreas, 1445 1445 
uterine cervix, 410 411 476 
vagina, 476 

Adenovirus, lower respiratory tract, 609 611 612 
Adherens junction, 31 
Adherins, 31 

Adipose tissue lesions, 1309 1310 1311 1312 1313 1314 1315 1316 1314 1315 1316 
lipoma, 1309 1310 1311 1312 1313 1314 1315 1316 
liposarcomas, 1313 1314 1315 1316 1314 1315 1316 
myxoid liposarcomas, 1313 1314 1315 1316 1315 1316 
pleomorphic liposarcomas, 1316 
round cell liposarcomas, 1313 1314 1315 1316 
well-differentiated liposarcomas, 1313 1314 
ADP. See Adenosine diphosphate 

Adrenal cortex, malignant tumors, 1483 1487 1488 1488 1731 
Adrenal cortical carcinoma (ACC), 1485 1486 1487 1487 
Adrenal cysts, 1483 
Adrenal glands 

tumor immunohistochemistry, 1668 1669 1669 1669 
Adrenal myelolipoma, 1483 1484 1484 
Adrenal tumors, DNA histogram and prognosis with, 1731 1732 

Adrenals, 1481 1482 1483 1484 1485 1486 1487 1488 1489 1490 1491 1492 1493 
anatomy of, 1482 1483 1483 

benign lesions of, 1483 1484 1485 1486 1484 1485 1487 

PI-2 

adrenal cysts, 1483 

adrenal myelolipoma, 1483 1484 1484 
adrenogenital syndromes, 1486 
Carney's syndrome, 1485 

congenital adrenal cortical hyperplasia, 1484 1485 
Conn's syndrome, 1485 
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cortical adenomas, 1485 1485 
cryptococcosis, 1484 
Cushing's syndrome, 1485 
histoplasmosis, 1484 
hyperadrenalism, 1485 
hyperplasia, 1485 1486 
cytology of normal, 1483 1484 

diseases of, 1483 1484 1485 1486 1487 1484 1485 1487 
adrenal cortical carcinoma, 1485 1486 1487 1487 (See also Adrenal cortical carcinoma 
(ACC)) 

endocrine function of, 1483 
histology of, 1482 1483 1482 1483 
indications for FNA of, 1482 1482 
malignant lesions of, 1485 1486 1487 1487 

medulla tumors of, 1487 1488 1489 1490 1491 1492 1488 1489 1491 
esthesioneuroblastoma as, 1490 1491 
ganglioneuroblastoma as, 1491 1491 
ganglioneuroma as, 1491 1492 1491 
neuroblastomas as, 1490 1491 1491 
pheochromocytoma as, 1487 1488 1489 1490 1488 1489 
metastatic tumors to, 1492 1492 
results, 1492 1493 
Adrenocorticotropic hormone (ACTH) 
endocrine tumors of pancreas with, 1446 
lung with, 655 683 

medullary carcinoma/neck masses with, 1167 
pancreas with, 1446 
pituitary gland with, 1536 1537 
vagina with, 469 
Adrenogenital syndromes, 1486 
a-fetoprotein (AFP) 
cervix, 316 

liver, 1398 1399 1403 1559 1662 
retroperitoneum, 1499 
Aflatoxin, 1400 
AFP. See a-fetoprotein 
African trypanosomiasis 
skin, 1287 

Agarose gel electrophoresis, 70 

AGUS. See Atypical glandular cells of unknown significance 

AIAT. See Alpha-1 -antitrypsin 

AIDS. See Acquired immunodeficiency syndrome 
Air embolism, 576 

ALK. See Anaplastic lymphoma kinase 
Allele, 73 

Allescheria boydii, 620 621 
Allophycocyanin (APC), 1717 
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Alpha-1 -antitrypsin (A1AT), 1662 
A/ternaria species, 586 588 756 
Alternative splicing, 73 
ALTS study, 407 

Alveolar epithelium, metaplasia of, 596 596 
Alveolar lining cells, lung, 596 597 598 596 597 598 
Metaplasia of alveolar epithelium, 596 596 
Pneumocytes type II abnormalities, 596 597 598 597 598 599 
Alveolar macrophages, 580 581 580 
Alveolar microlithiasis, 575 583 
Alveolar proteinosis, 574 624 625 

Alveolar rhabdomyosarcomas soft parts, 1318 1319 1320 1321 1320 1321 
Alveolar septa, 570 
Alveolar soft part sarcoma 
lung, 701 
skin, 1298 

soft tissue, 1333 1334 
vagina, 532 

Alveolus, 570 571 572 573 
Amebiasis, 621 622 622 
Amenorrhea, 232 
etiology of, 233 
Amenorrhea, primary, 232 
cytologic findings in, 232 
Amenorrhea, secondary, 233 
American Cancer Society, 644 682 
Amino acids, 56 60 
Amiodarone, lung, 632 633 
Amniocentesis, 1050 1051 
Amniotic fluid, 636 1050 1051 1052 
congenital abnormalities identification with, 1051 1052 
amniotic fluid embolism in, 1052 
chorionic villi sampling for, 1051 1052 
fluid processing for, 1051 
molecular biologic techniques in, 1052 
neural tube closure defects in, 1052 
cytology of normal, 1050 1051 
fetal death estimation with, 1051 
fetal sex determination with, 1051 
gestational age estimation with, 1051 
Amplification, 73 
Ampulla of Vater, 906 
ampullary carcinomas, 907 
Amyloid bronchus, 583 585 
Amyloidosis, 944 945 1288 
cervix with, 529 
gastric, 872 



3093 / 3276 



A 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 

nasopharynx epithelial lesions with, 731 
urothelial tumors with, 810 
Anal lesions, 298 
Anaphase, 81 86 87 89 

Anaplastic carcinomas, aspirated sample interpretation for, 1077 1077 
Anaplastic large-cell lymphoma (KI1 Lymphoma), 1213 1214 1215 1214 
Anaplastic lymphoma kinase (ALK), 996 
Ancylostoma duodenale (hookworm), 622 
Aneuploid tumors, 318 
Aneurysmal bone cyst, 1361 1361 
precursor conditions for, 1361 
Angiogenesis, 155 

Angiomyolipomas, soft parts, 1461 1462 1462 1532 
cytology of, 1462 1462 
histology of, 1461 1462 
Angiosarcomas 

clinical/epidemiologic data on soft parts of, 1411 1412 

cytology of, 1412 1413 

histology of, 1412 

liver, 566 1411 1412 1413 

metastatic, 1223 1223 1225 1225 

spleen with, 1424 

vascular tissue lesions, 1322 1323 1324 1323 
Animal models of cancer, 155 
Anitschkow's cells, 928 1509 
ANN. See Artificial neural networks 
Annealing, 73 
Anoscopy, 486 

Antibiotics, squamous epithelium and, 239 
Antibodies, 125 
Anticodon, 73 
Anticodon sequences, 61 
Antioncogene(s), 73 
Antisense, 73 
Anucleated squames, 122 
Anucleated squamous cells, 577 
Anus, 483 484 485 486 
anatomy, 483 484 
benign disorders of, 484 484 
colposcopy of, 486 
cytology, 486 

inflammatory disorders of, 485 
invasive cancer of, 486 486 
malignant lesions of, 484 485 486 485 486 
precursor lesions of, 485 486 485 
AO. See Acridine orange stain 
APC. See Adenomatous polyposis coli 
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Apocrine carcinomas 
breast, 1110 1111 

Apoptosis, 38 55 64 132 133 134 133 134 1362 
biologic sequence of, 132 133 134 133 
cancer and, 134 
flow cytometry of, 1723 1723 
morphology of, 1 32 133 134 
TUNEL reaction, 132 156 
Apoptotic bodies, 403 

ARDS. See Acute respiratory distress syndrome 
Arias-Stella phenomenon, 211 212 213 
female genital tract therapy effects with, 565 565 
Aristolochia fangchi, 778 
Arrhenoblastomas, 234 235 
Arteriography, kidneys, 1457 

P.I-3 

Arthritis, rheumatoid, 940 941 942 943 941 1047 1048 
Artificial neural networks (ANN), 1696 1697 1698 1696 1697 
cervical cells classified with, 1697 1697 
multivariate data classified with, 1697 1698 
ploidy patterns classified with, 1697 1697 
structure of, 1696 

Asbestos bodies, lung, 583 584 585 586 586 
laboratory techniques, 1620 
Ascaris lumbricoides, 277 

ASC-H. See High-grade squamous intraepithelial lesion 
ASC-US. See Atypical squamous cells of unknown significance 
“ASC-US-LSIL Triage Study” (2003), 372 
Askanazy cells, 1155 
Askin's tumor. See Ewing's sarcoma 
Aspergillosis, 268 617 618 756 
spleen with, 1421 
Aspergillus, 616 617 1400 
CNS lesions with, 1527 1527 
Aspiration biopsy, 9 10 11 600 
history of, 9 10 
current status of, 10 11 
retroperitoneum in, 1494 1494 
as surgical pathology, 11 
targets of, 1 1 

Aspiration biopsy, techniques of, 1056 1057 1058 1059 1060 1061 1062 1063 1064 1065 
1066 1067 1068 1069 1070 1071 1072 1073 1074 1075 1076 1077 1078 See also 
Fine needle aspiration biopsy (FNA) 
breast investigation with, 1083 1084 1085 
contraindications for, 1058 1059 
equipment for, 1057 1058 1058 

failure obtaining representative sample with, 1072 1073 1072 
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fixation/staining of aspirated material with, 1066 1067 1067 
nonpalpable lesions in, 1062 

palpable lesions in, 1059 1060 1061 1062 1060 1061 1062 
sample interpretation approach in, 1073 1074 
service organization for, 1077 1078 
side effects/complications of, 1062 1063 1064 

special problems with, 1067 1068 1069 1070 1071 1072 1068 1069 1070 1071 
translating cytologic into histologic patterns for, 1074 1075 1076 1077 1075 1076 1077 
Aspiration cytology. See also Aspiration biopsy; fine needle aspiration biopsy (FNA) 
techniques of, 14 15 16 16 
Aspiration pneumonia, 605 
Aspirin gastritis, 870 871 871 
Aspirin, lower urinary tract effects, 770 
Asteroid hyalosis 
vitreous body with, 1518 
Asthma, 582 
bronchial, 574 
eosinophilic leukocytes, 731 
Astrocytomas 

brain, 1528 1529 1530 1531 1532 1529 1530 1531 
CSFin, 1031 1034 
juvenile pilocytic, 1514 
Astrosphere, 40 

Asymmetric unit membrane (AUM), urothelium, 742 
ATP. See Adenosine triphosphate 
Atrophy, cell injury and, 140 140 
Atypical adenomatous hyperplasia (AAH), lung, 668 
Atypical carcinoid tumors, lung, 684 685 686 
cytology of, 685 686 
histology of, 684 685 
Atypical endocervical cells, 360 
Atypical endometrial glands, 427 

Atypical glandular cells of unknown significance (AGUS), 247 319 407 
ASC-US vs, 361 

Bethesda system, 359 360 361 362 362 
follow-up studies of, 361 362 362 
Atypical hyperplasia, endometrium, 433 434 444 445 
Atypical hyperplasia of breast ducts 
breast cancer with, 1137 1137 
Atypical immature squamous metaplastic cells 
of endocervical epithelium, 248 
Atypical leukoplakia 
oral cavity, 722 
Atypical lymphocytes, 345 
Atypical pneumonias, 602 602 
Atypical polypoid adenomyoma, uterus, 427 
Atypical squamous cells of unknown significance (ASC-US) 
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AGUS vs, 361 

Bethesda system on, 359 360 361 362 362 
false-negative smears indicating, 364 
follow-up studies of, 361 362 362 
Atypical squamous metaplasia, 298 
of endocervical epithelium, 245 246 246 
Atypical stroma 
urethra tumors with, 823 

Atypical urothelial hyperplasia (UIN I), 790 791 792 See also Urothelial tumors 

AUG sequence, 73 

AUM. See Asymmetric unit membrane 

Autoimmune disorders, 125 

Autophagic vacuoles, 38 39 

Autopsies 

cytologic techniques in, 16 
Autosomes, 98 

abnormalities of, 102 103 104 105 102 
Ayre, J. Ernest, 8 
Ayre's scraper, 8 
Azathioprine (Imuran) 
immunosuppression with, 563 564 
Azoospermia, 1277 
Azzopardi effect, lung 
small-cell carcinoma with, 656 
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B lymphocytes, 125 126 
B72.3, 1646 
Babes, Aureli, 7 7 

BAC. See Bronchioloalveolar carcinoma 
Bacillus Calmette-Guerin (BCG), 770 770 789 
urethra tumors treatment with, 830 
Bacillus pyocyaneus 
lower urinary tract with, 753 
Bacillus vaginalis. See Lactobacillus 
Bacteria 

cell changes from, 141 
CNS lesions with, 1526 1527 1527 
Bacterial flora 
of genital tract, female, 262 
Bacterial infections 
eye orbit with, 1514 

of genital tract, female, 262 263 264 265 266 267 268 
granulomatous lymphadenitis, 1194 1195 1195 
lower urinary tract with, 753 754 755 754 755 
skin, 1287 1288 
spleen, 1421 
vitreous body with, 1518 
Bacterial vaginosis, 264 See also Vagina 
BAL. See Bronchoalveolar lavage 
Balantidium coli, 275 276 

Bales method, urine, 1572 1583 1584 1585 1584 1585 1586 
BAM I, 73 

Banding techniques, 91 
Barbotage. See Bladder washings 

Barr bodies, 46 98 165 232 321 578 956 See also Sex chromatin body 
oral cavity and, 716 

Barrett's esophagus (Columnar-lined esophageal epithelium), 851 852 853 852 
adenocarcinoma associated with, 858 859 
clinical/histologic data on, 851 852 852 
cytology of, 852 853 
dysphagia with, 851 
flow cytometry of, 1725 1726 1726 
GERD associated with, 852 
peptic ulcers with, 851 
Bartholin's glands, vagina, 184 
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Basal cell adenocarcinoma, salivary glands, 1249 1250 1250 
Basal cell adenoma, salivary glands, 1236 1240 1241 1242 1243 1242 1243 
cutaneous cylindromas vs, 1243 
cytology of, 1241 1242 1243 1243 
histology of, 1241 1242 
Basal cell carcinomas, vuvla, 483 
skin, 1292 1293 1292 

Basal cell hyperplasia, bronchial epithelium, 592 593 592 
cell injury and, 138 139 
cytology of, 592 593 592 
of endocervical epithelium, 243 243 
histology of, 592 592 
of squamous epithelium (cervix), 241 242 
Basal cells, 122 122 571 579 579 
of squamous epithelium, 198 

PI-4 

Basal lamina, 48 
Base pairs, 73 
Base sequencing, 65 
Basement membrane, 48 
of uterine cervix, 187 188 
Bases, 73 

Bayesian belief networks, 1698 1699 
BCG. See Bacillus Calmette-Guerin 
BCNU. See bis-Chloroethylnitrosourea 
bcr-abl tyrosine kinase, 109 
Beale, Lionel, 5 
Bedsonia, 266 267 
Behget's disease, vulva, 466 
Benign fibrous histiocytoma, lung, 626 
Benign inclusion cysts, female genital tract, 517 
Benign leukoplakia 
cervix, 339 

oral epithelium, 717 718 

Benign mesenchymal tumors, retroperitoneum, 1495 
Benign mixed tumor. See Pleomorphic adenomas 
Benign prostatic hypertrophy, 1268 1269 1269 
Benign teratomas, ovary, 504 505 506 505 

Benign tumors. See Tumor(s), benign; individual anatomic types and organs 
BerEP4, 1646 1661 
Beryllium, 605 
Besnier, Ernest, 6 
Betel-nut chewers, 725 725 
Bethesda system, 1 8 307 406 
ASC-US/AGUS in, 359 360 361 362 362 
Bilateral diffuse melanocytic proliferation, eye, 1516 
Bile duct epithelium, 1392 See also Extrahepatic bile ducts 
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Bile peritonitis, 1430 
Bile pigments, 930 
Bile stones, 900 

Bilharzia. See Schistosoma hematobium 
Bilharziasis, cervix, 275 276 277 
Biliary cirrhosis, 1394 
Binucleation, 288 
Biopsy, concepts of, 6 
diagnostic conization (cervix), 375 
Foote/Stewart processing method in, 377 377 
endocervical/endometrial curettage, 375 
female genital tract, 374 375 
neoplastic lesions evidence with, 373 374 
Schiller's iodine test, 374 
toluidine blue stain, 374 375 
uterine cervix carcinoma, 363 
Biotin, 1640 1641 
Birbeck's granules, 186 608 
bis-Chloroethylnitrosourea (BCNU), 631 632 633 
Bladder. See also Urinary bladder; urinary tract 
barbotage, 796 
carcinoids of, 812 
diverticula of, 808 
ileal, 765 766 766 822 
papillomatosis of, 809 
sarcomas of, 815 816 
squamous papilloma of, 811 
synchronous carcinoma of, 813 814 
Bladder cancer, circulating tumor cells and, 1559 

Bladder carcinoma in situ (IUM III), 787 788 789 790 787 788 789 790 790 791 
behavior of, 789 789 
characteristics of, 791 

clinical handling/confirmatory biopsy of, 802 803 
clinical presentation of, 787 788 
cytology of, 800 801 802 803 803 804 805 
histology of, 787 788 789 789 
laboratory handling of biopsy for, 803 804 
transit time to invasive cancer from, 789 790 790 790 791 
Bladder tumors. See also Urinary tract tumors; Urothelial tumors 
antigen with, 835 
Barbotage for, 744 
blood in urine with, 751 
chemicals causing, 147 
DNA/RNA ratio in, 1725 
granulomas after surgery for, 755 
HPV with, 286 

microhematuria for, 751 752 
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Bladder washings (Barbotage), 744 745 753 753 796 
DNA content of, 833 834 
Blastomyces dermatitic/is, 614 615 
Blastomycosis, 614 615 716 756 
Bleomycin, lung, 630 631 631 
Blepharitis, 1510 
Blood group antigens, 27 
bladder tumors monitored with, 835 
Blue bodies, postmenopausal smears, 348 
Blue nevi, 542 

BMT. See Bone marrow transplantation 

Body fluids, cytologic study of, 14 See also CSF; effusions 

Bogdanich, Walt, 8 

Bombesin, medullary carcinoma of thyroid with, 1167 
Bone marrow cells, 1025 

Bone marrow transplantation (BMT), 110 562 633 
CSF in, 1041 

urinary sediment in, 770 771 771 

Bone tumors, 1340 1341 1342 1343 1344 1345 1346 1347 1348 1349 1350 1351 1352 
1353 1354 1355 1356 1357 1358 1359 1360 1361 1362 1363 1364 1365 1366 1367 
1368 1369 1370 1371 1372 
aneurysmal bone cyst, 1361 1361 
aspiration biopsy techniques for, 1341 

cartilage, 1348 1349 1350 1351 1352 1353 1354 1355 1349 1350 1351 1352 1353 
1354 1355 1356 

chondroblastoma, 1349 1350 1351 1352 1349 1352 1353 
chondromyxoid fibroma, 1348 1349 1349 1350 1351 
chondrosarcoma, 1349 1352 1353 1354 1355 1355 1356 
chordoma, 1357 1358 1359 1360 1361 1359 1360 

Ewing's sarcoma, 1361 1362 1363 1364 1365 1362 1363 1364 1365 1365 
apoptosis, 1362 
cytology of, 1 363 1 364 1 365 
moth-eaten pattern with, 1362 

pathology/histology of, 1361 1362 1363 1364 1362 1363 1364 1365 1365 
radiographic view of, 1362 1363 
rosette formation in, 1364 
saucerization with, 1362 
small-cell osteosarcoma vs, 1361 
undifferentiated mesenchymal cells with, 1364 
giant-cell, 1355 1356 1357 1357 1358 

metastatic, 1365 1366 1367 1368 1369 1370 1367 1368 1369 
general features of, 1365 1366 

osteoblastic lesions, 1341 1342 1343 1344 1345 1346 1347 1348 1342 1343 1344 
1345 1346 1347 

aggressive osteoblastoma, 1343 1344 
osteoblastoma, 1342 1343 1344 
osteoid osteoma, 1342 
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osteosarcoma, 1343 1344 1345 1346 1347 1348 1343 1345 1346 1347 
pediatric metastatic, 1370 1371 1372 
acute hematogenous osteomyelitis vs, 1371 
chronic osteomyelitis vs, 1371 
clear-cell sarcoma of kidney vs, 1371 
fracture callus with, 1372 
inflammatory/reactive conditions with, 1371 1372 
myositis ossificans with, 1371 
neuroblastoma, 1371 
Pott's disease vs, 1371 

reactive surface osteochondroma, 1371 1372 
rhabdomyosarcoma, 1370 1371 
BOOP. See Bronchiolitis obliterans organizing pneumonia 
Borrelia burgdorferi, CNS lesions with, 1527 1527 
Botryoid sarcomas 
bladder, 815 

female genital tract, 530 531 
Bouin's fixative, 447 1572 
Bowenoid papulosis, 298 483 

Bowen's disease, 481 482 787 See also Bladder carcinoma in situ 
skin of, 1294 1295 
Bowman's capsule, 1458 1459 
Branchial cleft cysts 
neck masses, 1179 1180 1181 1180 
cytology of, 1179 1180 1181 1180 
metastatic squamous cell carcinoma vs, 1179 
BRDU. See 5-bromodeoxyuridene 
Breakpoint region, 105 

Breast, 1081 1082 1083 1084 1085 1086 1087 1088 1089 1090 1091 1092 1093 1094 
1095 1096 1097 1098 1099 1100 1101 1102 1103 1104 1105 1106 1107 1108 1109 
1110 1111 1112 1113 1114 1115 1116 1117 1118 1119 1120 1121 1122 1123 1124 
1125 1126 1127 1128 1129 1130 1131 1132 1133 1134 1135 1136 1137 1138 1139 
1140 

anatomy/histology of, 1084 1085 1085 
aspiration biopsy accuracy, 1123 1124 1125 1124 
aspiration technique problems, 1069 1070 1069 1070 
benign lesions of, 1086 1087 1088 1089 

RI-5 

classification, 1089 

cytologic samples, 1086 1087 1088 1089 

benign neoplasms, 1097 1098 1099 1100 1101 1098 1099 1100 1101 1102 1102 
adenomyoepithelioma, 1100 
fibroadenoma, 1097 1098 1098 1099 1100 1102 
galactocele, 1098 1099 
granular cell tumor, 1099 1100 1102 
hemangiomas, 1101 
hydradenoma, 1101 
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lactating adenoma, 1098 1099 1101 
lipomas, 1101 
myofibroblastoma, 1100 
neurilemomas, 1101 
nipple papillomatosis, 1099 
pleomorphic adenomas, 1100 1101 

benign proliferative disorders of, 1093 1094 1095 1096 1097 1094 1095 1096 1097 
fibrous lesions, 1097 

cancer prognosis studies of, 1127 1128 1129 1130 1128 1130 1130 1131 
breast cancer panel for, 1 1 27 
DNAploidy for, 1127 1128 1128 
estrogen/progesterone receptors in, 1128 1129 
molecular markers in, 1129 
nuclear grading for, 1127 
sex chromatin in, 1129 1130 1130 1130 1131 
smear pattern in, 1129 
S-phase of tumor in, 1128 

carcinomas of, 1104 1105 1106 1107 1108 1109 1110 1111 1112 1113 1114 1115 1116 

1117 1118 1119 1120 1105 1106 1107 1108 1110 1111 1112 1113 1114 1115 1116 

1117 1117 1119 1120 
adenoid cystic, 1117 
apocrine, 1110 1111 

breast lobules, 1112 1113 1114 1115 1114 1115 1116 1117 

classification of, 1104 1105 

colloid, 1109 1110 1111 1112 

cystic hypersecretory ductal, 1118 1119 1120 

ductal (intraductal) carcinoma in situ (DCIS), 1105 1106 1107 1108 1109 1108 

general cytologic presentation in, 1104 1105 1106 

infiltrating duct, 1105 1106 1106 1107 

infiltrating lobular, 1112 1113 1114 1115 1114 1115 1117 

inflammatory, 1109 

lipid-secreting, 1115 1116 1117 

lobular carcinoma in situ, 1115 1116 1117 

malignant intraductal myoepithelioma, 1120 

mammary ducts, 1105 1106 1107 1108 1109 1110 1111 1112 1105 1106 1107 1108 

1110 1111 1112 1113 

medullary, 1109 1110 

metaplastic, 1118 

mucocele-like lesion, 1110 

mucoepidermoid, 1118 

papillary, 1112 

rare types of, 1115 1116 1117 1118 1119 1120 1117 1119 1120 1121 

secretory, 1117 1118 

small cell, 1118 1119 

spindle cell, 1118 1119 

squamous, 1118 

tubular, 1111 1112 1113 
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cysts of, 1093 1094 1095 1094 1095 1102 
cytology of, 1093 1094 1095 1094 1095 
pathology/histology of, 1093 
cytologic prognostication of, 1130 
blood circulating cancer cells in, 1130 
sentinel lymph nodes in, 1130 
cytology of normal, 1085 1086 1087 1088 
duct papilloma of, 1103 1104 1104 
ductal lavage for, 1139 1140 1139 1140 
fat necrosis, 1091 1092 1102 
fibrocystic disease of, 1095 1096 1097 1096 1097 
cytology of, 1 096 1 097 1 097 
histology of, 1095 1096 1096 

inflammatory lesions of, 1089 1090 1091 1089 1090 1091 1089 
chronic conditions, 1089 1090 1091 1091 
fungi mastitis as, 1090 1091 
idiopathic granulomatous mastitis as, 1090 
mastitis/abscess as, 1089 1089 1102 
plasma cell mastitis, 1089 
sarcoidosis, 1090 1102 
sclerosing lymphocytic lobulitis, 1091 
subareolar abscess, 1089 1090 
tuberculosis, 1089 1090 1091 1102 
investigation methods for, 1082 1083 1084 1085 1085 
FNAin, 1083 1084 1085 
mammography as, 1082 1083 
MRIas, 1082 1083 
nipple secretions in, 1084 
ultrasonography as, 1082 1083 
male, 1130 1131 1132 1132 1133 1133 
carcinoma in, 1131 1133 
diagnosis accuracy for, 1 1 31 1132 
gynecomastia in, 1130 1131 1132 
uncommon tumors in, 1131 1133 
metastatic tumors, 1122 1123 1122 

nipple secretions, 1132 1133 1134 1135 1136 1137 1138 1139 1134 1135 1136 1137 
1138 

atypical hyperplasia of ducts in, 1137 1137 
breast cancer in, 1135 1136 1137 1138 1136 1137 1138 
cytologic examination techniques for, 1134 1135 1134 1135 1136 1137 1138 
cytology of (without cancer), 1134 1135 1134 1135 
occult breast cancer detection in, 1138 1139 
Paget's disease of, 1137 1138 1138 
papillary carcinoma of, 1103 1104 1104 
phyllodes tumor of, 1101 1102 1103 1103 
sarcomas of, 1120 1121 1122 1121 1122 
malignant lymphomas, 1121 1122 1122 
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stereotactic needle biopsy accuracy, 1125 1126 1127 
adequacy of smear, 1 1 26 

mammary aspiration smear reporting of, 1126 1127 
trauma related lesions of, 1091 1092 1093 1092 1093 
augmentation/reduction, 1093 1093 
fat necrosis, 1091 1092 1102 
foreign bodies, 1091 1092 1093 
tumor immunohistochemistry, 1657 1658 1659 1658 1659 
Breast cancer. See Breast carcinoma 
circulating cells and, 1552 1553 1554 1555 1553 
genes, 153 

Brenner tumor, ovary, 506 506 
Bright-field light microscopy, 21 22 
cell preparation for, 22 
fixation for, 22 
staining for, 22 

Bronchi, 569 570 See also Lung; Respiratory tract 
Bronchial arteries, 570 
Bronchial aspirates/washings, 574 
Bronchial asthma, 574 
Bronchial brushings, 574 574 577 590 
large-cell undifferentiated carcinoma, 655 
lung tumors diagnosis, 645 648 653 
sarcomas in, 688 

small-cell carcinoma, 657 658 659 
Bronchial cells, 588 589 590 589 590 
Bronchial epithelium, 587 588 589 590 589 590 
Bronchial papillomas, 691 692 
Bronchial tree, 570 
Bronchiectasia, 590 592 
Bronchiectatic cavities, 592 
Bronchioles, 570 

Bronchiolitis obliterans organizing pneumonia (BOOP), 575 
Bronchioloalveolar carcinoma (BAC), 662 663 664 665 666 667 665 666 
cytology of, 664 665 666 667 664 665 666 
diagnostic errors, 667 
histology of, 663 664 

P.I-6 

percutaneous fine-needle aspirates in, 665 666 667 666 
sputum/bronchial secretions in, 664 665 664 665 666 
Bronchitis, 582 
chronic, 592 602 603 
purulent, 601 

Bronchoalveolar carcinoma, 575 
Bronchoalveolar epithelial cells, 628 
Bronchoalveolar lavage (BAL), 574 575 585 
interstitial lung diseases, 604 605 
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lung tumors diagnosis, 645 648 
Bronchogenic carcinoma 
adenocarcinoma, 981 982 983 
CSF with, 1042 1043 
cytologic diagnosis of, 647 648 648 
bronchial brushings, 648 
bronchoalveolar lavage, 648 
Papanicolaou method, 648 
Saccomanno's technique, 647 1572 
smear preparation/staining methods, 648 1579 
specimen collection methods, 647 648 
keratinizing squamous carcinoma, 981 982 
metastatic, 980 981 982 983 984 982 983 984 
oat cell carcinoma, 982 983 984 984 
Bronchopulmonary dysplasia, neonatal, 634 635 636 
Bronchoscopy, 574 574 576 
lung tumors cytology with, 705 
Brunn's nest, bladder, 743 743 
Brushings, general principles, 13 
Buccal cavity, 569 See also Oral cavity 
Buccal squamous cells, 715 716 

Burkitt's lymphomas, 996 998 1207 1208 1209 1209 1210 
hand-mirror cells, CSF, 1036 
Bursa of Fabricius, 125 
Buschke-Lowenstein tumor, 479 
Busulfan (Myleran) 

female genital tract effects, 562 563 563 
lower urinary tract effects, 769 770 
respiratory tract effects, 629 630 630 
Busulfan lung, 628 
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CA-125, 1646 1649 
Cadherins, 154 

Calcific concretion, peritoneal fluid, 583 584 585 
Calcitonin, 1653 

medullary carcinoma of thyroid with, 1167 1169 
Calcium oxalate crystals, 583 
Call-Exner bodies, 504 
Calretinin, 968 1661 1665 
Cancer(s) (general features). See also Tumor(s) 
animal models of, 155 
apoptosis and, 134 
cervicovaginal smears and, 229 
as clonal disorder, 149 
cytochemical studies of, 152 153 
as genetic chaos, 149 
grading/staging principles of, 6 
historical review of, 143 144 
intraepithelial lesions and, 149 

molecular biology trends in, 149 150 151 152 153 154 155 
molecular genetics of, 150 151 150 
normal karyotypes in, 110 111 
of immune cell system, 129 
precursor lesions of, 148 149 148 
characteristics of, 149 
grading of, 148 149 
syndromes, 150 152 
two hit theory of, 144 152 

Cancer cells (circulating), 1544 1545 1546 1547 1548 1549 1550 1551 1552 1553 1554 
1555 1556 1557 1558 1559 1560 1561 
automated screening for, 1560 1561 

historical overview of, 1544 1545 1546 1547 1548 1549 1550 1551 1552 1545 1546 
1547 1548 1549 1550 
carcinocythemia, 1544 

early technical methods in, 1546 1547 1546 1547 
initial observations in, 1547 1548 1549 1548 1549 
older studies in, 1545 1546 1547 1548 1549 1547 1548 1549 
significance of early studies in, 1549 1550 1551 1560 
human tumor cells in 
bladder cancer, 1559 

breast cancer, 1 552 1 553 1 554 1 555 1 553 
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colorectal carcinomas, 1557 1558 

esophageal carcinomas, 1557 

Ewing's sarcoma, 1557 

gastric carcinomas, 1557 1558 

gastrointestinal tract carcinomas, 1557 1558 

germ cell tumors, 1557 

hepatoma, 1559 

lung cancer, 1558 

malignant melanoma, 1555 

neuroblastoma, 1557 

pancreatic carcinomas, 1558 

prostatic carcinoma, 1555 1556 1557 1556 

thyroid, 1559 

uterine cervix carcinomas, 1558 1559 
identification methods for, 1551 1552 
double labeling in, 1552 
immunocytochemistry in, 1551 1552 
immunomagnetic cell selection in, 1552 
RT-PCR in, 1552 
results with, 1560 

thoracic duct lymph with, 1561 1561 
viability of, 1559 1560 
wound washings for, 1561 
Cancer cells (general features) 
cell adhesiveness, 158 159 160 159 
cell configuration, 157 158 158 
cell membranes, 160 161 162 160 161 
cell size of, 156 157 158 157 157 

cytoplasm of, 156 157 158 159 160 161 162 157 157 158 159 160 161 

differentiation of, 172 173 174 175 172 174 

heterogeneity of, 149 

immortality of, 155 

macrophages and, 129 129 

malignancy-associated changes in, 175 

mitotic abnormalities in, 170 171 172 171 

mitotic rate, 169 170 

morphologic characteristics of, 156 157 158 159 160 161 162 163 164 165 166 167 
168 169 170 171 172 157 157 158 159 160 161 164 165 166 167 168 169 171 
multinucleation in, 167 
nuclear changes in, 167 168 167 
nucleolar abnormalities in, 167 168 168 
nucleoli in, 168 
nucleolini in, 168 169 169 
nucleus in, 162 163 164 165 166 167 168 169 
type/origin of, 172 173 174 175 172 174 
Cancer syndromes, 150 152 
Candida albicans /Candidiasis 
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brain, 1527 
cervix, 268 379 
esophagus, 851 
eye, 1510 

gastrointestinal tract, 851 851 862 

immunocompromised hosts with, 1027 

mediastinum, 1387 

respiratory tract, 616 617 617 

spleen, 1421 

urinary tract, 756 

vagina, 616 

Capillary hemangiomas, 1243 
Caput medusae, 1393 
Carbowax, 1571 1573 
Carcinocythemia, 1544 

Carcinoembryonic antigen (CEA), 316 1551 1646 1648 
Carcinogenesis, models of, 151 151 

Carcinoid tumors, lung, 537 683 684 684 685 See also Atypical carcinoid tumors 
bladder, 812 

cytology of, 683 684 685 
histology/clinical data on, 683 684 
intestine, 887 
liver, 1411 1414 

Carcinoma(s), 146 See also specific carcinomas and organs 

Carcinoma in situ, 148 148 305 See also High-grade squamous intraepithelial lesions 
bladder, 787 788 789 790 787 788 789 790 790 791 
breast ductal, 1105 1106 1107 1108 1109 

cervix, 247 275 283 284 284 286 287 286 296 300 301 305 305 306 307 308 309 
310 311 312 313 314 309 310 311 312 313 314 316 317 330 330 333 335 336 
337 340 342 343 346 348 351 354 363 364 365 368 374 375 376 557 558 559 
560 558 559 560 

P. 1-7 

endocervical, 396 402 403 404 405 406 407 408 403 404 405 406 

endometrial, 445 

endometrioid, 403 

false-negative smears cervix, 364 

HGSILvs, 336 

keratin-forming (cervix), 337 

origin of term, 284 

postradiation, cervix, 557 558 559 560 558 559 560 
squamous (bronchus), 670 
cytology of, 676 677 678 678 679 
vagina, 304 557 558 559 560 558 559 560 
vulva, 481 482 

Carcinoma in situ, cervix, 247 275 283 284 284 286 287 286 296 300 301 305 305 306 

307 308 309 310 311 312 313 314 309 310 311 312 313 314 316 317 330 330 333 

335 336 337 340 342 343 346 348 351 354 363 364 365 368 374 375 376 557 558 
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559 560 558 559 560 

Carcinosarcomas, cervix, 436 535 538 539 See also Polypoid carcinoma 
lung, 687 

CARD. See Catalyzed reporter deposition 
Cardia, 866 

Cardiac lymphomas, 999 1000 
Carmustine, 631 632 633 
Carney's syndrome, 1485 
Carnoy's fixation, 1573 1583 1621 
Caroli's disease, 1404 
Carotid body tumors 
neck masses as, 1180 1181 1182 1181 
cytology of, 1181 1182 1181 
metastatic carcinoma vs, 1181 
red cytoplasmic granules in, 1181 
Caspases, 132 133 134 
Castleman's disease, 1191 1192 
mediastinum, 1381 
Castration 

radiation-induced, 234 
surgical, 234 234 
CAT box, 63 63 

Catalyzed reporter deposition (CARD), 1641 1672 
Cat-scratch disease 

granulomatous lymphadenitis with, 1196 
skin, 1288 
Caveolae, 27 
Caveolins, 27 
C-banding techniques, 91 
CCD. See Charge-coupled device 
CCP. See Ciliocytophthoria 
CD. See cluster of differentiation 
CD14 antigen, 581 
CD15, 1646 
CD44, 154 
CD68 antigen, 581 
CDC. See Collecting duct carcinoma 
CDK. See Cyclin-dependent kinase 
cDNA See Complementary DNA 
CEA See Carcinoembryonic antigen 

Cell(s) (basic structure). See also Cancer cells; Mammalian cell 
adhesion points of, 29 30 31 
apoptosis, 408 

components of, 21 22 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 
42 43 44 45 46 47 48 
definition of, 21 
derivation/differentiation, 41 
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elements of, 55 
eukaryotic, 21 
examination 

microscopic techniques of, 21 22 23 24 
as a factory, 54 55 54 
junctions, 29 30 54 54 
nucleus of, 21 
prokaryotic, 21 
skeleton, 27 54 54 
surfaces 

specialized structures of, 28 29 30 
term origin, 3 
visualization of, 23 

Cell classification, 119 120 121 122 123 124 125 126 127 128 129 120 
Cell configuration 
of cancer cells, 157 158 158 
Cell cycle, 80 
in cancer cells, 169 
growth phase of, 80 81 80 
interphase of, 80 81 80 
Cell death. See Apoptosis; Necrosis 
Cell division. See Mitosis 
Cell injury (basic concepts) 
acute inflammation and, 140 
atrophy and, 140 140 
basal cell hyperplasia from, 138 139 
benign epithelial abnormalities from, 138 139 140 
causes of, 131 
cellular response to, 132 
chronic inflammation and, 140 
cytoplasmic vacuolization and, 136 
forms of, 136 136 

granulomatous inflammation and, 140 141 141 
hyperplasia and, 139 140 140 
metaplasia and, 138 139 140 

morphologic response to, 131 132 133 134 135 136 137 138 139 140 141 142 

multinucleation and, 135 136 135 

reactive nuclear changes from, 135 

specific nonneoplastic disease processes and, 140 141 

storage diseases and, 136 137 

subacute inflammation and, 140 

Cell membranes, 25 26 27 28 29 25 26 54 54 See also Fluid mosaic membrane; Unit 
membrane 
composition of, 25 
definition of, 25 
Cell products, 119 
Cell size 
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of cancer cells, 156 157 158 157 157 
Cell skeleton, 119 
Cell-mediated immunity, 125 

Central nervous system (CNS), 1523 1524 1525 1526 1527 1528 1529 1530 1531 1532 
1533 1534 1535 1536 1537 1538 1539 1540 1541 1542 
benign lesions of, 1525 1526 1527 1528 1527 1527 1528 
bacteria caused, 1526 1527 1527 
brain abscesses, 1526 1527 1527 
cytomegalovirus, 1526 1527 
encephalitis, 1525 1526 1527 
fungi caused, 1527 1527 
helminth caused, 1527 1528 1527 
herpes simplex virus, 1526 1527 
inflammatory, 1525 1527 
Lyme disease, 1527 
measles, 1526 1527 

progressive multifocal leukoencephalopathy, 1526 1527 1527 
protozoa caused, 1527 1527 1528 
spirochetes, 1527 1527 
syphilis, 1527 

varicella-zoster virus, 1526 1527 
viral infection, 1526 1527 
brain sample processing, 1524 
Diff-Quik in, 1524 
Papanicolaou stain in, 1524 
diagnosis of, 1523 
CT in, 1523 

cytologic techniques for, 1523 
MRlin, 1523 

touch preparations for, 1523 
malignant lymphomas, 1540 1540 1541 
meningiomas, 1529 1539 1540 1539 
metastatic tumors to, 1540 1541 1542 1541 
nerve sheath tumors, 1539 1540 1540 
neurilemomas/schwannomas, 1529 1540 1540 
normal brain, 1524 1525 1525 1526 
anatomy of, 1524 

cytology of, 1524 1525 1525 1526 
ependymal cells, 1524 
glial cells, 1524 1526 
neurons, 1524 1525 
oligodendroglias, 1524 
paraneoplastic syndromes, 1542 

tumors of, 1528 1529 1530 1531 1532 1533 1534 1535 1536 1537 1538 1539 1529 
1530 1531 1532 1533 1534 1535 1536 1537 1538 
angiomyolipomas, 1532 

astrocytoma, 1528 1529 1530 1531 1532 1529 1530 1531 
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cholesteatoma, 1537 

choroid plexus, 1529 1534 

craniopharyngioma, 1529 1535 1537 1538 

ependymomas, 1529 1533 1534 1533 1534 1535 

germinomas, 1529 1535 

gliosarcoma, 1531 

intracranial cysts, 1537 1538 

medulloblastoma, 1534 1535 1536 

midline tumors, 1535 

neuroblastomas, 1534 

oligodendrogliomas, 1529 1532 

P. 1-8 

pineal region, 1535 1536 
pineoblastomas, 1535 
pituitary gland, 1536 1537 1537 
retinoblastomas, 1534 
subependymomas, 1534 
Centrioles, 41 84 
Centromere, 81 93 
Centrosome, 40 
Cercariform cells, 697 794 

Cerebrospinal fluid (CSF), 1023 1024 1025 1026 1027 1028 1029 1030 1031 1032 1033 
1034 1035 1036 1037 1038 1039 1040 1041 1042 1043 1044 1045 
anatomic/physiologic considerations for, 1023 
benign components of, 1024 1025 1024 
acellular, 1025 
cellular, 1024 1025 1024 
powder crystals, 1025 
bone marrow transplantation and, 1041 
cancer cells in, 1030 1031 

cellular changes from disease with, 1025 1026 1026 
lymphocytes/monocytes in, 1025 1026 
plasma cells in, 1026 
polymorphonuclear leukocytes in, 1025 
red blood cells/hemosiderin in, 1025 1026 
childhood tumors in, 1044 1045 
chordoma, 1044 

leukemias, 1036 1037 1037 1038 
acute lymphoblastic, 1036 1037 
acute myeloblastic, 1036 1037 
chronic lymphocytic, 1037 
chronic myelogenous, 1037 1038 
hand-mirror cells in, 1036 

malignant lymphoma in, 1037 1038 1039 1040 1041 1038 1039 1040 1041 
cytologic diagnosis errors, 1040 1041 
histiocytic medullary reticulosis, 1039 
multilobate, 1039 1040 
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mycosis fungoides, 1040 

non-Hodgkin's, 1037 1038 1039 1038 1039 1040 
plasmocytoma, 1040 1041 
rare, 1039 1040 

metastatic carcinomas in, 1041 1042 1043 1042 1043 
bronchogenic, 1042 1043 
mammary, 1042 1042 

metastatic malignant melanoma in, 1043 1044 1044 
neurologic disorders, 1029 1030 
Guillain-Barre syndrome as, 1029 
multiple sclerosis as, 1029 1030 

nonmalignant disorder cytology with, 1026 1027 1028 1029 1028 1029 1030 
acute bacterial meningitis, 1026 
chemical meningitis, 1028 
endometriosis, 1028 1030 
fungal meningitis, 1027 1028 
herpes simplex encephalitis, 1027 
La Crosse encephalitis, 1027 
Langerhans cell histiocytosis, 1028 1029 
Lyme disease, 1027 
Mollaret's meningitis, 1027 1028 1029 
myelograms, 1026 

progressive multifocal leukoencephalopathy, 1027 
syringomyelia, 1029 
tick-borne encephalitis, 1027 
tuberculosis, 1027 

viral meningitis/meningoencephalitis, 1026 1027 
primary meninges tumors, 1035 1036 1035 
cytology of, 1 035 1 036 
meningiomas as, 1034 1035 
primary meningeal sarcomas as, 1035 1035 
primary tumors of (CNS), 1031 1032 1033 1034 1035 1032 1033 1034 1034 
astrocytomas, 1031 1034 
choroid plexus tumors, 1032 
cytology of, 1 032 1 033 
ependymomas, 1031 1034 
glioblastoma multiforme, 1031 1032 
medulloblastomas, 1032 1033 1034 
midline tumors, 1031 1032 
oligodendroglioma, 1031 
primary malignant brain lymphomas, 1034 
spindle cell sarcomas, 1032 1033 1034 1034 
squamous carcinoma, 1034 
securing samples of, 1024 
laboratory techniques for, 1024 
sedimentation technique for, 1617 1618 1618 
treatment assessment, 1 044 1 045 
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ventricular shunt fluid, 1029 1030 
Cervical cancer. See also Cervix, uterine 
detection of, 9 
occult, 7 
Pap smear in, 7 

Cervical intraepithelial neoplasia 
female genital tract therapy effects on, 565 
Cervical intraepithelial neoplasia (CIN), 307 312 See also Flat precursor lesions 
treatment of, 376 377 376 
Cervical scraper, 222 223 222 
Cervical smears, 442 
sampling systems for, 222 223 222 
Cervicitis, 355 

Cervicography, uterine cervix carcinoma in, 374 

Cervicovaginal infections, 262 263 264 265 266 267 268 269 270 271 272 273 274 
275 276 277 278 See also specific infections 
Cervicovaginal smears, 8 9 See also Pap smear(s); Vaginal smears 
acellular material/foreign bodies in, 216 217 
adequate sample definition, 217 218 219 220 
benign cells in, 217 219 
busulfan's effect on, 562 563 
collection/processing methods for, 9 
contaminants in, 216 217 218 
Curschmann's spirals in, 216 216 
cyclic changes in, 203 204 205 
cytolysis and, 229 
dendritic cells in, 198 
efficacy of, 8 

female genital tract therapy effects in, 554 
inflammatory processes and, 229 
leukocytes in, 214 
liquid preparations of, 219 220 

neoplastic cells in, 319 320 321 322 323 324 325 326 319 320 321 322 323 324 
325 

non-hormonal evaluation factors of, 229 
ova in, 216 217 

ovulation determination from, 231 232 
preparation of, 17 18 220 221 221 
radiotherapy and, 229 
steroid hormone effects on, 228 229 
surgery and, 229 

tubal carcinoma in, 509 510 509 510 
Cervix. See also Female genital tract 
uterine anatomy/histology, 184 184 
Cervix adenocarcinoma 

cytology of, 396 397 398 399 398 399 400 401 402 
endocervical 
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behavior/prognosis of, 409 410 

cytologic diagnosis accuracy for, 416 417 418 

differential diagnosis of, 415 416 417 

less common types of, 410 411 412 413 414 415 416 411 412 413 414 415 416 
endocervical adenocarcinoma in situ, 402 403 404 405 403 404 405 
cure of, 409 

cytology of, 403 404 405 
histology of, 402 403 403 404 
natural history of, 403 405 

endocervical gland atypia/dysplasia with, 405 406 407 408 408 
atypia of endocervical cells in, 407 
cytology of, 407 

preneoplastic/nonneoplastic abnormalities in, 407 408 408 
epidemiology of, 395 

invasive endocervical, 396 397 398 399 400 401 402 397 398 399 400 401 402 
microinvasive, 401 
cytology of, 401 
histology of, 401 

neoplastic event sequence in, 396 
poorly-differentiated, 399 400 401 402 

precursor lesions of, 402 403 404 405 406 407 408 403 404 405 408 

squamous, 408 409 409 410 
synchronous, 408 409 409 410 

well-differentiated, 396 397 398 399 398 399 400 401 402 
endometrioid type of, 396 397 397 
mucus-producing, 396 397 
tumors mimicking endocervical glands in, 396 397 
Cervix cancer. See also Cervix (uterine) carcinomas 
detection guidelines for, 379 
Cervix (uterine) cancer, 8 
mortality reduction of, 8 

Cervix (uterine) squamous carcinomas and precursor lesions, 282 283 284 285 286 287 
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ASC-US/AGUS, 359 360 361 362 362 
biopsy confirmation with, 373 374 
biopsy processing, 377 377 
cervical biopsies, 377 
Foote/Stewart method, 377 377 
cancer cells in cytologic samples, 326 327 328 327 328 329 
differentiated, 326 327 328 327 328 
endocervical glandular origin of, 327 328 328 
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undifferentiated, 328 329 
cervical sample accuracy, 363 364 
cervical sample follow-up failures, 368 
cervical sample improvement, 368 369 370 

cervical sample interpretation errors, 364 365 366 367 366 367 368 
common sources of, 367 368 
false-negative smears, 364 365 366 367 366 367 
false-positive smears, 367 368 
cervical sample rescreening, 369 370 
circulating tumor cells and, 1558 1559 
colposcopy/cervicography for, 374 
conization specimens, 377 377 
cytologic diagnoses reproducibility of, 362 363 

cytologic/histologic pattern correlation with, 329 330 331 332 333 330 331 332 333 331 
363 

detection/prevention programs for, 377 378 379 378 
cervix cancer detection guidelines with, 379 
discovery rates, 378 
incidence rates, 378 
new technologies, 379 
precancerous lesions duration of, 378 
prevalence rates, 378 
diagnostic conization for, 375 
DNA histogram and prognosis with, 1730 
electron microscopy of, 290 291 
endocervical/endometrial curettage for, 375 
epidemiology of, 285 

epithelial cell abnormalities with, 379 380 
historical perspective on, 283 284 285 284 
HPV 286 289 See also Human papillomavirus 
interval cancers with, 347 348 

invasive squamous, 354 355 356 357 358 359 355 356 357 358 
cytologic sampling indications with, 354 355 
cytology of, 358 359 

histology of, 355 356 357 358 355 356 357 358 
liquid media samples for, 328 329 
microinvasive, 352 353 354 354 
clinical data on, 352 353 354 354 
cytology with, 354 
definition of, 352 353 354 354 

neoplastic cells in cervicovaginal smears, 319 320 321 322 323 324 325 326 319 320 
321 322 323 324 325 

dysplastic cells, 319 320 321 322 323 324 325 321 322 323 324 325 326 
karyomegaly, 319 320 321 319 
new detection techniques for, 370 371 372 373 373 
ASC-H (suspicious smears) as, 373 
ASC-US (atypical smears) as, 373 
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automated screening in, 371 

HGSIL as, 373 

HPV testing, 371 372 

HPV vaccine, 372 

LGSIL as, 373 

liquid preparations in, 370 

observations on precursor lesion behavior with, 309 310 311 312 309 310 311 312 313 
borderline/low-grade lesions in, 310 311 312 313 
high-grade lesions/carcinoma in, 310 311 312 313 
ORF E6/E7 in HPV, 290 292 
peritoneal washings in, 525 

precancerous cervical lesion treatment, 375 376 377 376 

precursor lesion follow-up studies of, 308 309 310 311 312 313 314 315 309 310 311 
312 313 314 315 316 
prognostic parameters in, 316 317 318 
blood group antigens, 316 
clonality analysis, 318 
cytogenetic studies, 317 318 
DNA quantitation, 317 318 
DNA synthesis/proliferation indices, 317 
HPV typing, 316 
immunochemistry, 316 317 
oncogenes, 316 317 

rapidly progressing precancerous lesions, 346 347 
risk factors for, 285 286 
cigarette smoking as, 285 286 
sexually transmitted diseases as, 285 
spermatozoa as, 285 286 
Schiller's iodine test, 374 
solitary squamous papilloma with, 332 333 

squamous intraepithelial lesion presentation with, 348 349 350 351 352 348 349 350 
351 352 353 
cytolysis in, 348 348 
immunodeficient women's lesions in, 352 
postmenopausal atrophy in, 348 349 350 349 350 351 
postmenopausal women's lesions in, 349 350 350 351 
pregnancy in, 350 351 353 
protruding papillary lesions, 331 332 333 333 
teenagers lesions in, 351 352 365 
staging of, 305 305 
toluidine blue stain for, 374 375 

viral agents linked to, 286 287 288 289 290 291 292 293 294 295 296 297 286 287 
288 289 290 291 292 293 296 
Cervix, uterine, anatomy and history 
basement membrane, 187 188 
ectopic prostatic tissue, 529 
electron microscopy, 188 188 
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epithelial layers, 186 187 187 
squamocolumnar junction, 189 190 191 
squamous epithelium, 185 186 186 187 188 
transformation zone, 189 190 191 
Cestodes, 277 

CGH. See Comparative genomic hybridization 
Chagas' disease, 275 
Charcot-Leyden crystals 
effusions, 930 930 934 
CSF with, 1037 1038 1539 
respiratory tract, 581 582 622 
Charge-coupled device (CCD), 1681 
Chemical meningitis, CSF cytology with, 1028 
Chemotherapy 

amiodarone in (lung), 632 633 
bleomycin in (lung), 630 631 631 

body fluid cytology indicating response to, 1014 1015 1014 1015 
bone tumors treated with, 1345 1361 
breast treated with, 1062 1083 1109 1127 1130 1132 
busulfan (Myleran) 
effects cervix, 562 563 
effects lung, 629 630 

carmustine (bis-Chloroethylnitrosourea BCNU) in (lung), 631 632 633 
cervix with, 286 296 368 
CNS with, 1532 
combination, lung, 632 634 
CSF with, 1025 1027 1036 1041 1045 
cyclophosphamide (Cytoxan) in, 631 632 
female genital tract therapy with, 522 531 545 561 562 563 562 563 
induced urothelial tumors with, 817 

P.I-10 

gastrointestinal tract, 862 863 
kidney treated with, 1478 1480 
liver treated with, 1408 1419 

lower urinary tract effects, 757 767 768 769 770 768 769 817 
busulfan (Myleran), 769 770 
cyclophosphamide in, 767 768 769 768 769 
lymph nodes treated with, 1197 1205 
methotrexate in, 631 
oral cavity, 720 
pancreas treated with, 1452 
prostate/testis treated with, 1263 1282 

respiratory tract with, 593 597 598 612 616 627 629 630 631 632 630 631 632 633 
634 670 

retroperitoneum treated with, 1498 1500 
thymus with, 1376 
thyroid treated with, 1170 
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urothelial tumors treatment with, 831 
vagina treated with, 473 
Chlamydia, female genital tract, 266 267 267 
tubal obstruction from, 508 

Chlamydia trachomatis, female genital tract as effects with, 560 
Chlornaphazine, 778 
Chloroma, 537 
Cholesteatoma, brain, 1537 
Cholesterol crystals in effusions, 930 
Chondroblastoma, 1349 1350 1351 1352 1349 1352 1353 
aneurysmal bone cyst formation with, 1350 
chicken wire appearance, 1350 
cytology of, 1350 1351 1352 1353 
focal linear calcifications with, 1350 
other cartilage lesions vs, 1349 
pathology/histology of, 1349 1350 1352 1353 
radiography of, 1350 1352 
Chondrocytes, 1025 
Chondroid chordoma, 1357 

Chondromyxoid fibroma, 1348 1349 1349 1350 1351 
cytology of, 1349 1351 
microscopic view of, 1349 
other cartilage lesions vs, 1349 
pathology/histology of, 1348 1349 1350 1351 
radiography of, 1349 
Chondrosarcoma, 535 700 
bone, 1349 1352 1353 1354 1355 1355 1356 
clear-cell, 1353 
cytology of, 1 354 1 355 1 356 
dedifferentiated, 1353 
endosteal scalloping with, 1354 
eye with, 1519 
mesenchymal, 1353 
other cartilage lesions vs, 1349 
pathology/histology of, 1352 1353 1354 1355 1356 
radiography of, 1353 1354 1355 
secondary, 1353 
Chordoma 

bone, 1357 1358 1359 1360 1361 1359 1360 

chondroid, 1357 

CSF with, 1044 

cytology of, 1 360 1361 1360 

pathology/histology of, 1357 1358 1359 1360 1359 1360 
physaliphorous cells, 1359 1360 
radiographic view of, 1359 1359 
retroperitoneum with, 1498 1499 1499 
Choriocarcinoma, 211 
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esophageal, 865 
female genital tract, 545 631 
mediastinum, 1383 1384 
primary gastric, 887 
urothelial, 815 816 817 817 
Chorionic villi, 545 
Choroid plexus tumors 
brain with, 1529 1534 
CSF, 1032 

ChRCC. See Chromophobe renal cell carcinoma 
Chromatids, 84 
identical, 81 82 
Chromatin, 80 

coarse granulation of, 165 166 
Chromocenters, 45 84 93 716 
Chromogranins, 539 1653 1654 
Chromophil carcinoma. See Papillary renal cell carcinoma 
Chromophobe renal cell carcinoma (ChRCC), 1465 1470 1472 1473 1474 1474 
Chromosomal abnormalities, 144 
in solid tumors, 110 111 
Chromosomal deletion syndromes, 103 
Chromosomal division, 87 
Chromosomal DNA 46 
Chromosomal nondisjunction, 98 99 
Chromosomal replication, 57 58 
Chromosome alterations 
structural, 105 

Chromosome microdissection, 112 113 112 
Chromosome structure, 81 82 82 85 
Chromosomes, 80 84 

human cancer and, 105 106 107 108 109 110 111 108 109 111 
Chronic atrophic gastritis, 871 872 
Chronic cervicitis, 261 262 
Chronic hepatitis, 1394 

Chronic inflammatory diseases of large bowel, 890 891 891 
Chronic lymphadenitis (Reactive hyperplasia) 
dermatopathic lymphadenopathy as, 1192 1193 

follicular/paracortical hyperplasia as, 1190 1191 1192 1190 1191 1192 1193 1191 
Castleman's disease, 1191 1192 
conditions associated, 1190 1191 1192 1193 
cytology, 1190 1191 1192 
immunophenotyping, 1190 1192 
Kikuchi's lymphadenitis, 1192 
Kimura's disease, 1192 
Russell bodies in, 1190 

systemic lupus erythematosus with, 1190 1191 
Chronic lymphocytic leukemia (CLL), 700 1037 



3121 / 3276 



c 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 

Chronic myelogenous leukemia (CML), 106 106 562 1037 1038 
Chronic nonspecific endometritis, 425 
Chronic osteomyelitis, 1371 
Chronic radiation injury, lung, 627 628 
Chronic sinusitis, 590 

Cigarette smoking, uterine cervix carcinoma risk with, 285 286 
Clitoris, anatomy of, 184 
Cilia, 28 28 29 571 
abnormality of, 590 
Ciliated cells, bronchus, 587 588 
Ciliated columnar cells, 570 577 
Ciliated epithelia, 123 124 
cytology of, 124 
histology of, 123 124 
Ciliated hepatic foregut cyst, 1395 1396 
Ciliated tubal epithelium, 517 

Ciliocytophthoria (CCP), respiratory tract, 589 590 602 611 612 636 762 
CIN. See Cervical intraepithelial neoplasia 
Cirrhosis, 1393 1394 
liver with, 936 937 938 936 
CK-19. See Cytokeratin 19 
CKI. See Cyclin-dependent kinase inhibitor 
Clara cells, 571 580 
Clathrin, 27 
Clear cell carcinomas 
cervix, 415 

endometrium, 435 441 444 
vagina, 475 

Clear cell sarcomas, 1007 
of kidney, 1371 
kidneys with, 1479 1480 
metastatic, 1223 1223 1224 

soft tissue lesions with, 1329 1330 1331 1332 1333 1332 
Clear cell (sugar) tumor, lung, 693 

CLIA88. See Clinical Laboratory Improvement Act Amendment 
Clinical Laboratory improvement Act (CLIA), 1628 1629 
quality assurance in, 1630 
screening/reporting in, 1629 1630 
specimen acceptance/adequacy in, 1629 
specimen preparation in, 1629 

Clinical Laboratory Improvement Act Amendment (CLIA88), 8 9 
CLL. See Chronic lymphocytic leukemia 
Clonal disorder, cancer as, 149 
Clonal evolution, 149 
Cloning, of sheep, 64 
Clonorchis sinensis, 900 1400 

P.I-11 
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Cluster of Differentiation (CD) system, 27 127 127 
in immune cell system, 127 127 
CML. See Chronic myelogenous leukemia 
c-myc oncogene, 110 152 
CNS. See Central nervous system 
Coated pits, 27 
Coat's disease, 1516 
Coccidioidomycosis 
female genital tract, 628 
lung, 614 615 615 
Codman's triangle, 1345 
Codons, 60 61 73 
Cold knife conization, cervix, 376 
Colitis, acute, 889 889 
Collagen balls 
effusions with, 931 
peritoneal lavage, 515 518 518 
Collagen diseases, 939 940 941 942 943 939 940 941 942 
Collagen fibrils, 48 

Collecting duct carcinoma (CDC), kidney, 1458 1465 1475 1476 1476 
Colloid carcinoma (Mucinous noncystic carcinoma) 
breast, 1109 1110 1111 1112 
pancreas, 1445 1446 
Colloid goiter, 1151 

Colon, 888 889 890 891 892 893 889 891 892 894 895 896 897 
acute inflammatory diseases of, 889 889 
acute colitis, 889 889 
cryptosporidiosis, 889 
cytomegalovirus, 889 
histoplasmosis, 889 

chronic inflammatory diseases, 890 891 891 
colonic dysplasia with, 890 891 
Crohn's disease with, 890 
large bowel with, 890 891 891 
ulcerative colitis, 890 
cytologic diagnosis, 888 889 
colonic lavage, 888 
historical overview of, 888 
rectal washing apparatus in, 888 
normal, 889 
cytology of, 889 
histology of, 889 

tumors of, 891 892 893 892 894 895 896 897 
adenocarcinoma, 891 892 893 892 894 895 896 897 
adenomatous polyps with, 891 892 
endocrine, 893 

malignant lymphoma with, 893 
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urinary tract metastatic tumors to, 826 828 
Colonic dysplasia, 890 891 
Colonic ulcerative colitis, 890 
Colorectal carcinomas, 1663 
circulating tumor cells and, 1557 1558 
DNA histogram and prognosis with, 1727 1728 
Colposcope, 284 285 
Colposcopic evaluation, 348 
Colposcopy 
of anus, 486 

uterine cervix carcinoma, 374 
Columnar ciliated cells, lung, 508 

Columnar-lined esophageal epithelium. See Barrett's esophagus 
Comparative genomic hybridization (CGH), 111 113 113 115 
endometrium, 317 1672 
Complementary DNA(cDNA), 74 
reverse transcriptase and, 66 66 
Computed tomography (CT), 1057 1389 
CNS diagnosis, 1523 
eye orbit, 1512 
kidneys, 1457 
lung tumors diagnosis, 646 
pancreas diagnosis, 1428 
retroperitoneum, 1493 
Condylomas, Buschke-Lowenstein, 479 
Condylomas/papillomas, larynx, 727 
Condylomata acuminata (Condylomas) 
bladder, 810 811 812 812 
Buschke-Lowenstein tumor, 479 
cervix, 286 287 287 332 333 467 
clinical significance of, 332 
cytology of, 332 
histology of, 332 333 
squamous carcinoma vs, 804 
urethra tumors, 822 823 
vagina, 467 
vulva, 479 480 
Condylomata lata, 287 
Confocal microscopy, 23 365 
Congenital adrenal cortical hyperplasia, 1484 1485 
Congenital cysts 
liver, 1395 1396 
pancreas, 1435 1436 
Congestive heart failure, 932 
Congo red reaction, 583 

Conization specimens, uterine cervix carcinoma, 377 377 
Connexins, 32 
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Conn's syndrome, 1485 
Consistent chromosome alterations, 110 
Constitutive heterochromatin, 45 93 96 102 
Construct, 73 

Contraceptive hormones, 424 

Contraceptive medication, squamous epithelium and, 237 238 
Copepods, 586 

Copper metabolism disorders, cornea, 1392 
Corpora amylacea 
CSF, 1025 
lung, 583 584 
Corps ronds, 718 

Cortical adenomas, adrenal, 1485 1485 
Corticoids, 563 

Corynebacterium diphtheriae, 263 
Corynebacterium vagina/e. See Gardnerella vaginalis 
Cotton swab smear, 222 222 
Courvoisier's gallbladder, 909 
Craniopharyngioma, brain, 1529 1535 1537 1538 
Creola bodies, sputum, 591 
Cristae mitochondriales, 36 38 
Crohn's disease 
colon, 890 

vulvar involvement in, 479 
Crowded-cell index, 231 
Cryptococcosis, 1484 
Cryptococcus neoformans, 613 614 614 
granulomatous lymphadenitis with, 1195 1196 
lung, 613 614 
spleen with, 1421 
Cryptosporidiosis, colon, 889 
Crystals, effusion cell populations with, 930 931 930 
CSF. See also Cerebral spinal fluid 
CT. See Computed tomography 
Culdocentesis, 515 
Cumulus oophorus, 492 492 
Curschmann's spirals 
cervicovaginal smears, 216 216 
effusions, 931 931 
sputum, 582 583 584 
Cushing's syndrome, 571 655 1485 
minute pulmonary chemodectomas with, 686 
Cutaneous malignant melanoma, DNA histogram and prognosis with, 1728 
Cyclic changes 

in cervicovaginal smears, 203 204 205 
in endometrial samples, 205 205 
Cyclin-dependent kinase (CDK), 1722 1723 
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Cyclin-dependent kinase inhibitor (CKI), 407 1722 1723 
Cycling cells, nucleus in, 46 
Cyclins, 57 81 1722 1723 
Cyclophosphamide (Cytoxan), 631 632 778 
effects on urothelial cells, 768 769 768 769 
Hodgkin's lymphoma, 769 
karyorrhexis as, 768 
leiomyosarcoma (bladder), 769 
lower urinary tract treated with, 767 768 769 768 769 
Cyclophosphamide (Cytoxan, Endoxan), 562 563 
Cyclophosphamide, tumors induced by, 817 
Cyclosporine, 563 

Cyclosporine effect, renal transplantation, 773 
Cylindroma, female genital tract, 541 
Cystic fibrosis, 1052 

Cystic hyperplasia, endometrium, 432 433 444 
Cystic hypersecretory ductal carcinomas, breast, 1118 1119 1120 
Cystic nephroma, 1459 
Cystitis cystica, 743 743 
Cystitis glandularis, 807 

P.I-12 

Cystosarcoma Phyllodes. See Phyllodes tumor 
Cysts 

breast with, 1093 1094 1095 1094 1095 1102 
cytology of, 1093 1094 1095 1094 1095 
pathology/histology of, 1093 
eye orbit with, 1514 
intracranial, 1537 1538 
liver, 1395 1396 1397 
retroperitoneum, 1494 1495 1495 
spleen with, 1421 
thyroid, 1152 1153 
cytology of, 1 1 53 
histology of, 1152 1153 
Cytocentrifugation, 1585 1586 1587 
cytocentrifuges for, 1 585 1 586 
Hettich, 1586 

Leifs centrifugal cytology buckets with, 1586 
Shandon Cytospin II and III, 1585 1586 
Wescor Cytopro, 1586 
optimal use of, 1586 1587 
Cytocentrifuges, 22 744 799 1585 
Cytochemistry. See also Immunocytochemistry 
malignant cell recognition with, 957 958 958 
Cytogenetics. See also specific organs 
mesotheliomas in, 970 971 

principles of, 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 
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100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 
Cytokeratin 19 (CK-19), 1554 

Cytokeratins, immunohistochemistry with, 1643 1644 1645 1643 1644 1645 1646 1647 
Cytokines, 125 See also Lymphokines 
Cytokinesis, 81 86 87 88 90 91 
Cytologic sampling, general 
clinicians' role in, 16 17 18 
quality control in, 19 
reporting/interpretation of, 18 

techniques, 11 12 13 14 15 16 11 12 13 14 15 16 
washing/lavage techniques in, 13 14 15 
Cytologic techniques, in autopsies, 16 
Cytology, general applications 
diagnostic, 3 4 5 6 
disease diagnosis and, 6 
exfoliative, 11 12 11 12 
of female genital tract, 6 7 8 9 
inoperative, 14 15 16 
nongynecologic, 9 
of vaginal secretions, 6 7 
Cytology, abrasive. See Abrasive cytology 
Cytology, aspiration. See Aspiration biopsy 
Cytolysis, 348 348 
cervicovaginal smears and, 229 
Cytomegalovirus (CMV), 426 868 
CNS lesions with, 1526 1527 
esophageal infections, 851 
of genital tract, female, 272 
inflammatory diseases of colon, 889 
lower respiratory tract, 609 611 611 
lower urinary tract, 756 757 
organ transplantation with, 633 634 
Cytometry, 1683 1689 

Cytoplasm, 32 33 34 35 36 37 38 39 40 119 
definition of, 32 
metabolite storage in, 43 
ultrastructure of, 33 

Cytoplasmic hyaline inclusions, female genital tract, 543 

Cytoplasmic matrix, 33 43 

Cytoplasmic maturation, squamous cells, 122 

Cytoplasmic microtubules, 84 

CytoRich Red fixative, 17 1572 

Cytosine, 56 

Cytoskeleton, 33 40 

Cytosolic markers, 1653 1653 

Cytotrophoblasts, 211 

Cytoxan. See Cyclophosphamide 
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D cyclins, 152 
Daisy cells, 516 517 

DAPI (4'-6-diamidino-2 phenylindole), 1716 
nuclear DNA measurements using, 1740 1741 
Darier-White's disease, 718 719 718 
DCIS. See Ductal carcinoma in situ, breast 
De Graaf (Graafian) follicle, 492 492 
Decidual cells, 211 212 213 
Decoy cells. See Human polyomavirus 
Deletions, chromosomes, 105 116 
Demodexfolliculorum, skin with, 1287 
Denaturing gradient gel electrophoresis (DGGE), 71 74 
Dendritic cells, of squamous epithelium, 198 
Deoxyribonucleic acid. See DNA 
Dermatofibrosarcoma protuberans, 1306 1307 1308 
Dermatopathic lymphadenopathy, 1192 1193 
Dermoid cysts, ovary, 504 
DES. See Diethylstilbestrol 
Desmin, 1649 1650 
Desmogleins, 31 
Desmoplakins, 31 
Desmoplastic small cell tumor 
body cavities, 972 973 974 975 
soft tissue of, 1336 
Desmosomes, 30 31 31 
Desquamative interstitial pneumonia (DIP), 603 
Dextran, 1546 

DGGE. See Denaturing gradient gel electrophoresis 
Diabetes, 459 539 

The Diagnosis of Tumors by Aspiration (Stewart), 1 0 
Diakinesis, 96 97 

Dialysis ascites, 937 938 939 See also Effusions 
Diethylstilbestrol (DES), vaginal effect, 467 
Diff-Quik stain, 620 648 1572 1617 
brain sample processing with, 1524 
skin sampling with, 1286 
thyroid biopsy with, 1149 1153 
Diffuse alveolar damage, 603 
Diffuse goiter. See Colloid goiter 

Digital analysis of cells/tissues, 1681 1682 1683 1684 1685 1686 1687 1688 1689 1690 
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1691 1692 1693 1694 1695 1696 1697 1698 1699 1700 1701 1702 1703 1704 1705 
1706 

artificial neural networks in, 1696 1697 1698 1696 1697 
cervical cells classified with, 1697 1697 
multivariate data classified with, 1697 1698 
ploidy patterns classified with, 1697 1697 
structure of, 1696 

automated reasoning systems in, 1698 1699 1700 1701 1702 1703 1700 1701 1702 
1703 

inhomogeneous training sets as, 1699 

lesion progression curves with, 1700 1701 1702 1703 1701 1702 1703 
P-index procedure, 1700 
Bayesian belief networks in, 1698 1699 
cancer screening automation with, 1703 1704 
data analysis of, 1692 1693 1694 1694 
analysis of variance in, 1694 
descriptive statistics in, 1692 1693 
Kruskal-Wallis test in, 1693 
small differences detection in, 1693 1694 1694 
Student's t-test in, 1693 
Whitney test in, 1693 

diagnostic decision procedures in, 1694 1695 1696 1695 1696 
one-stage vs hierarchic classification with, 1695 
sampling methods/size criteria with, 1695 1696 
supervised learning for, 1695 1696 1695 1696 
training set/test set with, 1695 1695 
unsupervised learning, 1699 1700 1700 
diagnostic information extraction in, 1687 

DNA ploidy analysis in, 1687 1688 1689 1690 1691 1692 1688 1689 1690 1691 1692 
1693 1690 

diagnostic information with, 1691 1692 1691 1692 1693 
histometry with, 1690 1691 1690 1691 
pixel optical density histogram with, 1689 1690 1689 1690 
prostate in histograms of, 1688 
total optical density with, 1688 
image in, 1681 1682 1683 1682 
visual vs computed, 1682 1683 1682 
inference networks in, 1698 1699 
methods for, 1704 1705 1706 1706 
optics as, 1704 1705 1706 1706 
videophotometry as, 1704 

scene segmentation in, 1683 1684 1685 1686 1687 1684 1685 1686 1687 
knowledge-guided, 1685 1686 1687 1686 1687 
mathematic morphologic processing for, 1684 1684 

PM 3 

megapixel arrays for, 1 685 1 685 
procedures for, 1683 1684 1685 1684 



3130/3276 



D 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 

shrink and blow algorithm for, 1684 1684 
targets of, 1 682 
Digital microscopy, 24 

Digitalis, squamous epithelium, female genital tract 239 239 

Dipeta/onema perstans, 277 

Diphtheroids, 263 

Diploid karyotypes, normal, 110 

Diploid set, 96 

Diplonema, 96 97 

DirofUaria repens, retroperitoneum with, 1494 
Dirofilariasis, respiratory tract, 623 624 
Disseminated lupus erythematosus, synovial fluid, 1048 
Dithiothreitol (DTT), mucus liquefaction, 1578 1579 
Diverticula of bladder, urothelial tumors with, 808 
DNA general structure and function, 21 See also Gene(s) 
background on, 55 
chromosomal, 46 
cloning 

in vitro, 67 68 67 68 
complementary (cDNA), 74 

reverse transcriptase and, 66 66 
double-stranded, 44 45 56 56 84 
fragments, 68 68 
hybridization arrays, 111 
ladder steps schematic of, 56 57 
late-labeling, 93 

microarray, 69 73 114 115 116 116 
mitochondrial, 37 38 
non-coding, 63 
packaging of, 56 57 
ploidy measurements, 436 
probes, 291 

in situ hybridization with, 69 70 70 
replication of, 57 58 58 
schematic of, 56 56 
structure of, 53 55 56 56 
target, 71 

threads/amorphous masses of, 601 
DNA amplification. See Polymerase chain reaction (PCR) 

DNA hybridization, in situ. See In situ hybridization 
DNA ladder, apopotosis, 132 134 

DNA ploidy analysis, 561 1687 1688 1689 1690 1691 1692 1688 1689 1690 1691 1692 
1693 1690 

diagnostic information with, 1691 1692 1691 1692 1693 
flow cytometry in, 1720 1720 1724 
histometry in, 1690 1691 1690 1691 
Lymph nodes aspiration biopsy with, 1188 
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pixel optical density histogram in, 1689 1690 1689 1690 
prostate in histograms of, 1688 
total optical density with, 1688 
urothelial tumors monitored with, 832 833 833 834 
DNA polymerases, 57 
DNA viruses, 147 
Dog tapeworm, 1 395 
Donne, Andre Frangois, 4 
Dot blot, 74 
hybridization, 293 
Dot hybridization, 68 69 

Double-minute chromosomes, neuroblastoma, 152 
Down's syndrome, 102 103 102 1051 
Drug-induced pneumonitis, 603 
DTT. See Dithiothreitol 
Duct papilloma, breast, 1103 1104 1104 
cytology of, 1 1 04 11 04 
histology/clinical data on, 1103 1104 

Ductal adenocarcinoma, breast, 1440 1441 1442 1443 1444 1445 1441 1442 1443 1444 
1445 1446 1442 

moderately differentiated, 1440 1441 1442 
poorly differentiated, 1441 1443 
variants of, 1443 1444 1445 1444 1445 
well-differentiated, 1440 1441 

Ductal (intraductal) carcinoma in situ (DCIS), breast, 1105 1109 
Ductal carcinomas 

breast, 1105 1106 1107 1108 1109 1108 
scirrhous variant of, 1106 
Ductal lavage, breast, 1139 1140 1139 1140 
Ductography, breast, 1138 1139 
Duodenal papilla, tumors of, 906 

Duodenum, 894 895 896 897 898 899 900 901 902 903 904 905 906 907 908 909 
910 897 898 899 900 901 902 903 904 905 906 907 908 909 
anatomy of, 894 895 897 
aspirates cytology of, 899 900 900 
inflammatory process in, 899 900 900 
malignant tumors in, 900 
normal duodenum, 899 900 
parasites/microorganisms in, 900 
cytology indications in, 896 
histology of, 895 

investigation methods for, 896 897 898 899 898 899 
current sampling techniques in, 898 899 898 899 
older sampling techniques, 896 897 898 
vaterian tumors in, 906 907 908 
Dust cells, lung, 572 581 598 599 600 601 600 601 
Dysgerminomas, 988 
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Dyskaryosis. See Dysplastic cells 

Dyskaryotic squamous cells, larynx epithelial lesions with, 728 

Dyskeratocytes, 333 

Dysphagia, Barrett's esophagus, 851 

Dysplasia. See also High-grade squamous intraepithelial lesions; radiation therapy 
adenocarcinoma with, 860 861 
azathioprine therapy with, 563 564 
cervix, 306 307 529 
colonic, 890 891 
esophageal, 857 
eyelid with, 1512 

false-negative smears indicating, 364 
of gastric epithelium, 878 879 881 882 
larynx epithelial lesions and, 728 
moderate, 336 
squamous cancer with, 723 

Dysplastic (Dyskaryosis) cells, cervix, 318 319 320 321 322 323 324 325 326 327 328 
321 322 323 324 325 326 358 
ASC-H with, 360 
classification of, 323 
endocervical, 324 326 
koilocytes as, 320 323 324 325 
nature of nuclear abnormalities and, 322 323 
parabasal, 321 322 325 326 
small parabasal/basal, 323 324 326 
superficial/intermediate, 319 325 
Dysplastic endocervical cells, 324 326 
Dysplastic nevi, skin, 1296 
Dyspnea, 603 
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E face, 26 27 

EBV. See Epstein-Barr virus 
E-cadherin, 1661 

Ecchinococcus granulosus, retroperitoneum with, 1494 

ECCIN. See Endocervical columnar cell intraepithelial neoplasia 

Echinococcosis, eyelid with, 1511 

Echinococcus, 622 623 

Echinococcus granulosus, 934 1395 1527 

EcoRI, 74 

Ectocervix, 184 

Ectopic breast tissue, vulva, 479 

Ectopic prostatic tissue, uterine cervix with, 529 

Ectopic salivary gland, 1229 1230 1231 1231 

Ectopic thymic tissue, neck masses as, 1182 

Ectropion, of endocervical epithelium, 249 250 

Edwards syndrome, 103 

EEC. See Endocervical curettage 

Effusions (with cancer), 949 950 951 952 953 954 955 956 957 958 959 960 961 962 
963 964 965 966 967 968 969 970 971 972 973 974 975 976 977 978 979 980 981 
982 983 984 985 986 987 988 989 990 991 992 993 994 995 996 997 998 999 
1000 1001 1002 1003 1004 1005 1006 1007 1008 1009 1010 1011 1012 1013 1014 
1015 1016 

children with, 1008 1009 1010 1011 1010 1011 1012 1013 
acute leukemias in, 1010 
embryonal carcinomas in, 1010 1011 
embryonal rhabdomyosarcomas in, 1009 1010 
endodermal sinus tumors in, 1010 1011 
Ewing's sarcoma in, 1009 
Langerhans cell histiocytosis in, 1010 1011 1012 
Letterer-Siwe disease in, 1010 
malignant lymphomas in, 1010 
neuroblastoma in, 1009 
rare tumors in, 1010 1011 1012 
Wilms' tumor in, 1009 1010 

P.I-14 

diagnostic results with, 1015 1016 1016 

lymphoid/hematogenous, 993 994 995 996 997 998 999 1000 1001 1002 1003 995 

996 997 998 999 1000 1001 1002 1003 
AIDS with, 999 1002 
Burkitt's lymphomas as, 996 998 
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Epstein-Barr virus infection as, 1001 1002 
Hodgkin's lymphoma as, 997 998 1001 
large-cell lymphomas as, 994 995 996 996 997 
leukemias as, 1000 1001 

malignant lymphomas as, 993 994 995 996 997 995 996 997 998 999 1000 

plasma cell myeloma as, 1001 

primary cardiac lymphomas as, 999 1000 

rare types of, 998 999 

small-cell lymphomas as, 996 997 999 1000 
Waldenstrom macroglobulinemia as, 1001 

malignant cell recognition in, 949 950 951 952 953 954 955 956 957 958 959 951 
952 953 954 955 958 958 
ancillary techniques for, 956 957 958 958 
Barr bodies in, 956 

cell aggregates in, 952 953 954 955 
cell configuration in, 949 950 
cell products in, 952 
cell size in, 949 

cell surfaces in, 952 952 953 954 
cytochemistry/immunocytochemistry for, 957 958 958 
cytogenetics for, 956 957 

cytoplasmic features of, 949 950 951 952 953 954 955 951 952 953 954 955 

DNA measurements for, 957 

mitoses in, 955 956 955 

multiple sex chromatin bodies in, 956 

nuclear configuration/size/shape in, 953 954 955 

nuclear cytoplasmic inclusions in, 956 

nuclear features of, 953 954 955 956 955 

nucleoli in, 955 

orphan Annie nuclei in, 956 

malignant melanomas in, 1003 1004 1005 1004 1005 

mesotheliomas with, 960 961 962 963 964 965 966 967 968 969 970 971 972 973 
974 975 960 962 963 964 965 966 967 968 969 970 972 973 974 975 976 
anatomic distribution of, 960 

ancillary diagnostic procedures for, 968 969 970 971 970 

carcinomatous epithelial, 960 961 962 963 964 965 966 967 968 969 970 971 960 

962 963 964 965 966 967 968 969 970 

classification of, 959 960 

cytology of, 963 964 964 965 966 

deciduoid features in, 962 963 

fibrosarcomatous, 971 972 

first manifestations of, 961 

histology of, 961 962 962 963 

mixed type of, 971 972 

multicystic, 960 

multicystic peritoneal, 963 971 

other mesothelial surface tumors, 972 973 974 975 973 974 975 976 
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papillary, 963 971 

pleura vs peritoneum with, 964 965 

rate sites of, 965 966 967 967 968 969 970 

sarcomatous, 961 

unusual cytologic presentations in, 967 968 

metastatic tumors in, 975 976 977 978 979 980 981 982 983 984 985 986 987 988 
989 990 991 992 993 977 978 979 980 981 982 983 984 985 986 987 988 990 
991 992 993 994 1012 1013 1014 
bronchogenic carcinoma, 980 981 982 983 984 982 983 984 
endocrine, 993 

endometrioid carcinoma, 987 988 
frequency of, 1012 1013 1014 1013 1014 
gastrointestinal tract carcinomas, 989 990 991 

mammary carcinoma, 975 976 977 978 979 980 977 978 979 980 981 
other female genital tract, 989 
other genitourinary tract, 992 993 
other ovarian, 988 989 988 
ovarian carcinoma, 984 985 985 986 
pancreatic/hepatocellular carcinomas, 989 990 
pseudomyxoma peritonei, 985 986 987 987 
renal carcinomas, 990 991 992 993 994 
squamous carcinoma, 981 982 983 989 1011 
thyroid carcinomas, 990 992 
urothelial carcinomas, 992 
pericardial, 1011 1012 

primary body cavity tumors, other than mesothelioma, 959 960 961 962 963 964 965 966 
967 968 969 970 971 972 973 974 975 960 962 963 964 965 966 967 968 969 
970 972 973 974 975 976 
benign tumors of mesothelium, 971 
desmoplastic small cell tumor, 972 973 974 975 
solitary fibrous pleural tumors, 971 972 

squamous carcinoma, primary, 955 957 958 959 968 974 975 981 982 983 989 
1011 

sarcomas cytologic presentation in, 1005 1006 1007 1008 1006 1007 
clear cell, 1007 
Kaposi's, 1007 
leiomyosarcoma, 1006 
malignant fibrous histiocytomas, 1007 
metastatic uterine, 1007 
osteogenic, 1006 1007 1007 
pleomorphic liposarcoma, 1007 
rare metastatic tumors with, 1007 1008 
rhabdomyosarcomas, 1006 
soft tissues, 1005 
spindle cell, 1005 1006 1006 

therapy response indicated by cytology of, 1014 1015 1014 1015 
chemotherapy in, 1014 1015 1014 1015 
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radiation therapy in, 1015 
radiomimetic drugs in, 1015 
tumor types identification, 957 958 959 
adenocarcinoma, 958 959 
keratinizing squamous carcinoma, 959 
large-cell carcinoma, 959 
lymphomas, 959 

neuroendocrine carcinomas, 959 
poorly differentiated carcinoma, 959 
small-cell tumors, 959 

two synchronous malignant tumors in, 1008 1009 
Effusions (without cancer), 919 920 921 922 923 924 925 926 927 928 929 930 931 
932 933 934 935 936 937 938 939 940 941 942 943 944 945 946 
accumulation in body cavities of, 919 920 921 922 921 
exudates in, 921 922 921 
transudates in, 920 921 921 

cell populations in, 922 923 924 925 926 927 928 929 930 931 923 924 925 927 
929 930 931 
Anitschkow's cells, 928 
bile pigments, 930 
blood cells, 928 929 
Charcot-Leyden crystals, 930 930 
cholesterol crystals, 930 
collagen balls, 931 
crystals, 930 931 930 
Curschmann's spirals, 931 931 
erythrocytes, 928 
erythrophagocytosis, 928 929 
fat cells, 929 
hematopoietic cells, 928 
hemosiderin, 929 
immunoglobulin crystals, 930 
lamellar inclusions, 931 
leukocytes, 928 
liver cells, 928 
lymphocytes, 928 929 
macrophages, 926 927 928 927 
megakaryocytes, 928 
melanin, 929 930 

mesothelial cells, 922 923 924 925 926 923 924 925 
oxalate crystals, 931 
pigments, 929 930 
plasma cells, 928 
respiratory tract derived cells, 928 
squamous cells, 929 
interpretation guidelines for, 931 932 
clinical data in, 931 
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error avoidance in, 932 
fluids with inflammatory reaction, 931 932 
long standing effusions in, 931 
preparation techniques in, 931 
investigation methods for, 921 

nonmalignant diseases associated with, 932 933 934 935 936 937 938 939 940 941 
942 943 944 945 932 933 934 935 936 937 938 939 940 941 942 943 944 945 
936 

P.I-15 

acute inflammatory processes in, 932 
amyloidosis, 944 945 

chronic inflammatory processes, 932 933 933 
chronic pneumonia, 932 933 
cirrhosis of liver, 936 937 938 936 

collagen diseases, 939 940 941 942 943 939 940 941 942 

congestive heart failure, 932 

cytologic abnormalities, 943 944 945 943 944 945 

dialysis ascites, 937 938 939 

Echinococcus granulosus in, 934 

endometriosis in, 944 945 

eosinophilic pleural effusion, 934 935 936 935 936 
fungi, 934 

general circulatory disorders, 932 932 

Giardia tambiia in, 934 

hypoproteinemia in, 932 

infectious processes in, 932 

Langerhans cell histiocytosis in, 943 

Legionella micdadei in, 932 933 

legionnaires' disease in, 932 933 

Mansone/la ozzardi in, 934 

pancreatitis in, 937 938 

Paragonimus kellicotti in, 934 

parasites in, 934 934 

pericarditis in, 932 933 

peritonitis in, 932 933 

Pneumocystis carinii in, 933 934 

pulmonary infarcts, 932 932 

radiotherapy effects, 943 944 943 944 

renal diseases, 937 938 939 

rheumatoid arthritis, 940 941 942 943 941 

scleroderma (progressive systemic sclerosis), 942 943 

Strongyloides stercoral is in, 934 

syphilis in, 933 

systemic lupus erythematosus in, 939 940 941 939 
Toxoplasma gondii in, 934 
Trichomonas vaginalis in, 934 
tuberculosis in, 933 933 
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uremia in, 938 
viral pneumonias in, 932 
viruses in, 934 
yellow nail syndrome in, 945 
pericardial fluid, 945 946 
cytologic findings on, 946 

pleural/peritoneal/pericardial cavities anatomy, 919 920 921 
EGF. See Epidermal growth factor 
El. See Eosinophilic Index 
EIC. See Endometrial intraepithelial carcinoma 
EIM. See Endometrial intraepithelial neoplasia 
Electrocautery 

female genital tract therapy effects from, 553 
lower urinary tract treated with, 766 
Electron microscopy 
interphase nucleus in, 46 
nucleolus in, 46 
scanning, 24 24 
transmission, 24 

uterine cervix carcinoma in, 290 291 
Electrophoresis, 64 65 68 69 
agarose gel, 70 

ELISA See Enzyme-linked immunosorbent assay 
Ellis, Edward, 10 

EMA. See Epithelial membrane antigen 
Embryonal carcinoma 
germ cell tumors of testis, 1278 1281 
mediastinum, 1383 
ovary, 506 507 506 

Embryonal rhabdomyosarcoma, 1256 See also specific organs 
Embryonal rhabdomyosarcomas, 1317 1318 1319 
Embryonal stem cells, 79 
Emperipolesis, 651 661 
En Vision method, 1641 
Encephalitis, CNS in, 1525 1526 1527 
Endemic goiter. See Colloid goiter 
Endocervical adenocarcinoma 
behavior/prognosis of, 409 410 
cytologic diagnosis accuracy, 416 417 418 
differential diagnosis of, 415 416 417 

less common types of, 410 411 412 413 414 415 416 411 412 413 414 415 416 
adenosquamous carcinoma, 410 411 
clear-cell carcinomas, 415 
glassy-cell carcinomas, 414 415 416 
mesonephric carcinomas, 412 413 414 
minimal deviation carcinomas, 411 412 413 
mucoepidermoid carcinomas, 413 414 415 
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papillary villoglandular carcinomas, 410 411 412 
serous adenocarcinoma, 411 

Endocervical adenocarcinoma in situ, 396 402 403 404 405 403 404 405 
cytology of, 403 404 405 
histology of, 402 403 403 404 
natural history of, 403 405 
Endocervical brush specimens 
endometrial cells in, 202 204 
female genital tract therapy effects in, 555 
Endocervical brushes, 223 253 254 254 
Endocervical canal, 185 
Endocervical cells, 210 
eosinophilic cytoplasmic inclusions in, 272 
female genital tract therapy effects on, 555 
Endocervical columnar cell intraepithelial neoplasia (ECCIN), 397 
Endocervical curettage (EEC), 375 
Endocervical dysplasia, 405 406 407 408 408 
Endocervical epithelium 

atypical immature squamous metaplastic cells of, 248 
atypical squamous metaplasia, 245 246 246 
basal cell hyperplasia of 
cytology of, 243 243 
histology of, 243 

cells from, 198 199 200 199 200 
ciliated, 200 201 

ectropion of, 249 250 (See also Eversion) 

electron micrograph of, 189 189 

endometriosis of, 247 248 

eversion of, 249 250 250 

IUD and, 252 

lesions of, 248 

menstrual cycle and, 200 

normal, 188 189 

papillary immature metaplasia of, 248 
squamous metaplasia of, 243 244 245 
tubal/tubo-endometrioid metaplasia of, 246 247 246 
Endocervical gland atypia, 405 406 407 408 408 
cytology of, 407 

preneoplastic/nonneoplastic abnormalities in, 407 408 408 
Endocervical glands 
benign abnormalities of, 249 
microglandular hyperplasia of, 248 249 249 
Endocervical polyps, 251 252 252 
Endocervical tunnel clusters, 396 
Endocervicosis, 396 

Endocervix, acute cervicitis/vaginitis in, 257 

Endocrine disorders. See Hormonal abnormalities, female; specific disorders 
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Endocrine glands, tumor immunochemistry for, 1666 1667 1668 1669 1666 1667 1668 
1669 1669 

Endocrine paraneoplastic syndromes, 655 
Endocrine tumors 
colonic, 893 
effusion with, 993 

Endodermal sinus tumors. See also Yolk sac tumors 
children with, 1010 1011 
ovary, 543 
pineal region, 1008 
Endolymphatic sac tumor, 1537 
Endometrial carcinoma in situ, 445 
Endometrial cells 

in endocervical brush specimens, 202 204 
endometrial hyperplasia cytologic diagnosis with, 444 446 
Endometrial curettage, 375 

Endometrial hyperplasia, 427 430 432 433 434 433 451 452 453 504 
cytologic diagnosis of, 443 444 445 446 

P.I-16 

Endometrial intraepithelial carcinoma (EIC), 430 
Endometrial intraepithelial neoplasia (EIM), 431 
Endometrial metaplasia, proliferative disorders with, 424 
Endometrial polyps, 427 428 443 
Endometrial shedding, 202 
Endometrial stromal cells, 201 203 
Endometrial stromal sarcomas, 531 532 
Endometrioid carcinoma in situ, 403 
Endometrioid carcinomas. See also Endometrium 
metastatic, 987 988 
peritoneal washings with, 521 
prostate of, 1275 

Endometriosis, 235 467 944 945 1288 1289 1289 
CSF cytology, 1028 1030 
cytologic atypias associated, 427 
of endocervical epithelium, 247 248 
peritoneal lavage in, 517 518 519 
proliferative disorders with, 423 
retroperitoneum in, 1495 
urothelial tumors in, 809 811 

Endometrium (benign), 190 191 192 193 194 192 See Proliferative disorders of 
endometrium 

benign conditions/disorders with, 423 424 424 
endometrial metaplasia in, 424 
intrauterine contraceptive devices in, 423 424 424 
pregnancy in, 423 
signet-ring cells in, 424 
composition of, 190 191 
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direct samples of, 445 446 447 448 449 450 451 452 453 448 449 450 451 452 453 
454 455 

atrophic endometrium in, 449 
cycling endometrium in, 448 449 449 
endometrial hyperplasia and, 451 452 453 
endometrial stromal cells in, 449 
instruments for sampling, 445 446 447 448 
ovulation timing in, 449 
sources of error in, 452 453 454 
various age group diagnosis in, 451 452 
electron microscopy of, 1 94 
during menstrual cycle, 191 192 193 192 
in menstrual smears, 201 202 
proliferative, 193 
secretory, 194 

Endometrium adenocarcinoma, 202 233 427 428 429 430 429 430 431 432 433 434 
435 436 431 433 435 450 451 450 451 452 504 
adenoacanthoma, 431 432 
DNA histogram and prognosis with, 1728 1729 
endometrial hyperplasia, 430 432 433 434 433 
endometrial hyperplasia diagnosis of, 443 444 445 446 
endometrial polyps with, 427 428 
endometrial squamous, 531 532 
endometrioid type of carcinoma, 430 431 431 
endometriosis associated cytologic atypias with, 427 
endometrium cytology with, 423 424 425 426 427 424 425 426 
epidemiology of, 428 
exogenous hormones with, 424 
inflammatory lesions with, 425 426 427 
peritoneal washings with, 523 524 525 523 524 
clinical significance of, 524 525 
cytology of, 523 524 523 524 
rare histologic variants of endometrial carcinoma, 435 436 
regenerating endometrium and, 425 425 
risk factors for, 428 429 430 429 
clinical, 430 

exogenous estrogens as, 428 429 
other hormones as, 430 
radiotherapy as, 430 
tamoxifen as, 429 430 429 

routine cervicovaginal samples in, 423 436 437 438 439 440 441 442 443 444 445 
437 438 439 440 441 442 443 444 444 
adenoacanthoma cells in, 440 441 442 443 
cell clusters in, 438 439 
cytologic diagnosis efficacy in, 442 444 
endometrial cancer cell recognition in, 437 
general appearance in, 436 437 437 
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high-grade endometrial carcinomas, 439 440 440 441 
hormonal pattern in, 437 438 
macrophages in, 440 442 
pitfalls in, 442 443 
single cancer cells in, 437 438 439 
tumor typing through, 441 442 
uncommon types of carcinomas in, 441 444 
well-differentiated carcinomas in, 437 438 439 439 
search in asymptomatic women for, 456 457 458 459 460 461 458 459 460 
menopause onset age in, 457 458 
occult endometrial carcinoma in, 457 458 459 458 459 
occult endometrial hyperplasia in, 459 460 460 
sampling methods in, 460 461 
serous carcinoma, 434 435 435 
serous papillary carcinoma, 523 
squamous component of, 431 432 
staging/prognosis of, 436 

uterine leiomyomas associated endometrial abnormalities with, 427 
Endometrium atrophy, 205 

Endometrium menstrual smears, IUD and, 201 202 202 
Endonucleases, 64 65 65 
Endoplasmic reticulum, 33 54 
rough, 33 35 
smooth, 33 35 
Endosalpingiosis 

benign ovarian cysts in, 496 497 497 
ovarian tumors with, 502 
peritoneal lavage in, 517 519 519 520 
Endoscopic instruments, 13 13 
Endoscopic retrograde brush cytology (ERBC) 
common bile duct with, 898 
diagnostic accuracy of, 99 908 909 
Endoscopic transmural needle aspiration, bile ducts, 906 
Endoscopic ultrasound (EUS) 
pancreas diagnosis with, 1428 1429 
Endoscopically directed needle aspiration biopsy 
gastrointestinal tract sampling with, 848 
Endothelial cells, 1548 1549 1549 
Endoxan. See Cyclophosphamide 
End-stage lung, 603 

Enhanced dynamic pancreatography, 1433 
Enhanced polymer one-step staining (EPOS), 1641 
Enhancers, 74 
Entameba gingivaiis, 275 
Entameba histolytica, 275 
CNS lesions with, 1527 1527 
colon, 621 622 622 
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Enterobius vermicularis, Til 
Enzyme-linked immunosorbent assay (ELISA), 608 
Eosinophilic cystitis, bladder, 756 

Eosinophilic cytoplasmic inclusions, in endocervical cells, 272 
Eosinophilic granuloma, 529 608 
urothelial tumors with, 810 
Eosinophilic Index (El) 
of squamous epithelium, 230 
Eosinophilic leukocytes, asthma with, 731 
Eosinophilic nuclear inclusions, 611 612 613 762 
Eosinophilic pleural effusion, 934 935 936 935 936 
Eosinophilic pneumonia, 603 

Eosinophiluria, urinary sediment cellular components with, 752 
Ependymal cells, 1524 
Ependymomas, 1008 

brain tumors of, 1529 1533 1534 1533 1534 1535 
CSF, 1031 1034 

Epidermal growth factor (EGF), 436 
Epidermal precancerous lesions 
skin, 1294 1295 

Epidermodysplasia verruciformis, 297 298 
Epidermoid inclusion cysts, neck masses as, 1182 
Epiglottis, 569 570 
Episome, 74 

P.I-17 

Epithelial atypias, 654 

Epithelial cells, general, 39 120 121 122 123 124 
benign, 517 517 
ciliated, 123 124 
cytology of, 122 122 
with secretory function, 122 123 
squamous epithelium and, 120 121 122 120 121 
Epithelial interface, 48 
Epithelial lining, respiratory tract, 570 

Epithelial membrane antigen (EMA), 316 1553 1645 1646 1648 1657 
Epithelial sarcomas, metastatic, 1223 1223 1224 1225 1224 
Epithelial-myoepithelial carcinoma, 1243 1252 1252 1253 
Epithelioid cells, 140 605 
Epithelioid leiomyosarcomas, 530 1006 
Epithelioid osteoblasts, 1343 
Epithelioid sarcomas 
female genital tract, 532 
lung, 700 

soft tissue lesions with, 1327 1328 1329 1331 
Epithelioma. See Adenoid basal cell carcinomas, cervix 
Epitopes, 126 127 

EPOS. See Enhanced polymer one-step staining 
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Epstein-Barr virus (EBV), 147 156 539 718 854 
lymph nodes infection with, 1193 
lymphoid/hematogenous disorders, 1001 1002 
malignant lymphomas with, 1540 

posttransplantation lymphoproliferative disorders with, 1197 
Equine virus, encephalitis, 1525 
ERBC. See Endoscopic retrograde brush cytology 
Erythema multiforme, 719 
Erythrocytes, 129 928 

urinary sediment cellular components with, 752 
Erythrophagocytosis, 137 928 929 
Erythroplakia, oral cavity, 722 
Erythroplasia of Queyrat, 483 
Escherichia co/i, lower urinary tract, 753 

Esophageal adenocarcinomas, metastatic, gastrointestinal tract, 989 
Esophageal carcinomas, circulating tumor cells and, 1557 

Esophagus, 569 849 850 851 852 853 854 855 856 857 858 859 860 861 862 863 
864 865 866 850 851 852 854 855 856 857 859 860 861 862 863 864 864 865 866 
adenocarcinoma, 858 859 860 861 862 862 863 
clinical data/natural history of, 858 859 
cytology of, 860 861 862 863 
histology of, 859 862 
mucoepidermoid carcinomas, 861 862 
precursor lesions of, 859 860 
anatomy/histology of, 849 850 
Barrett's, 851 852 853 852 
clinical/histologic data on, 851 852 852 
cytology of, 852 853 
dysphagia with, 851 
GERD associated with, 852 
peptic ulcers with, 851 
benign disorders of, 849 850 851 851 
erosive esophagitis, 849 850 
esophageal infections in AIDS, 851 
herpetic esophagitis, 850 851 851 
benign tumors, 853 
focal hyperplasia, 853 
granular cell myoblastoma, 853 
leiomyoma, 853 

cytologic diagnostic effectiveness of, 863 864 865 
cytologic follow-up after treatment, 862 864 
normal cytology of, 849 
rare malignant tumors of, 863 864 865 866 
adenoid cystic carcinoma as, 863 864 
carcinoma with pagetoid changes, 864 865 866 
choriocarcinoma, 865 
malignant melanoma, 865 



3145/3276 



E 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 

polypoid carcinoma, 865 
sarcomas, 865 

squamous carcinoma, 853 854 855 856 857 858 854 855 856 857 859 860 861 
Chinese studies on, 856 857 858 856 857 859 860 861 
cytology of, 854 855 856 857 855 
epidemiology/clinical aspects of, 853 
histology of, 854 855 
human papillomavirus in, 853 854 

precursor lesions of, 856 857 858 856 857 859 860 861 
Esthesioneuroblastoma, nasal cavity, 1490 1491 
Esthesioneuroblastoma, nasopharynx, 733 
Estrogen, 191 
menopause and, 206 
squamous epithelium and, 236 237 237 
Estrogen receptors, 1 658 See also Breast 
Eukaryotic cell, 21 55 
EUS. See Endoscopic ultrasound 
Eversion, of endocervical epithelium, 249 250 250 
Ewing, James, 9 

Ewing's sarcoma, 700 1256 1361 1362 1363 1364 1365 1362 1363 1364 1365 1365 
1656 1657 
apoptosis with, 1362 
children with, 1009 
circulating tumor cells and, 1557 
cytology of, 1 363 1 364 1 365 
metastatic tumors of, 1223 1223 
microscopic, 1362 1363 
moth-eaten pattern, bone, 1362 

pathology/histology of, 1361 1362 1363 1364 1362 1363 1364 1365 1365 
radiographic view of, 1362 1363 
rosette formation, 1364 
saucerization, 1362 
small-cell osteosarcoma, 1361 
undifferentiated mesenchymal cells in, 1364 
Exfoliative cytology, general, 11 12 11 12 
Exogenous hormones, 424 
Exons, 63 64 74 
Exportins, 59 

Extracranial meningiomas, neck, 1182 

Extrahepatic bile ducts, 894 895 896 897 898 899 900 901 902 903 904 905 906 907 
908 909 910 897 898 899 900 901 902 903 904 905 906 907 908 909 
anatomy of, 894 895 897 
carcinoma of, 900 901 902 903 903 904 905 
brush cytology, 901 902 903 904 905 
histology of, 901 903 
Klatskin's tumor, 901 
cytology indications in, 896 
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cytology of, 900 901 901 902 
atypical ductal epithelium in, 900 902 
normal ducts in, 900 901 
cytology of percutaneous aspirations of, 906 
endoscopic transmural needle aspiration cytology for, 906 
ERBC diagnosis for, 99 908 909 
histology of, 895 898 

investigation methods for, 896 897 898 899 898 899 
current sampling techniques in, 898 899 898 899 
older sampling techniques in, 896 897 898 
nonneoplastic obstructive processes with, 907 
precancerous lesions with, 904 905 906 907 
brush cytology for, 904 905 906 
primary sclerosing cholangitis with, 907 908 
rare tumors of, 903 
vaterian tumors in, 906 907 908 
Extramedullary erythropoiesis, liver, 1410 
Exuberant fracture callus, 1341 

Eye/orbit, 1508 1509 1510 1511 1512 1513 1514 1515 1516 1517 1518 1519 1520 
anatomic/histologic recall, 1508 1509 
bilateral diffuse melanocytic proliferation, 1516 
chondrosarcoma, 1519 
Coat's disease, 1516 

lid, 1509 1510 1511 1512 1513 1509 1510 1511 1513 
acanthamoeba, 1510 1511 1511 
adenocarcinoma of meibomian glands, 1512 1513 
allergic conjunctivitis, 1510 
bacterial infections, 1510 
benign tumors, 1511 
chlamydial infections, 1510 1510 
conjunctival/corneal cells, 1509 1509 

P.I-18 

corneal epithelium 
dysplasia with, 1512 
squamous carcinoma, 1512 1513 
echinococcosis with, 1511 
inflammatory lesions with, 1509 1510 1510 
leiomyomas with, 1511 
malignant tumors, 1512 1513 
microsporidiosis, 1511 1511 
molluscum contagiosum, 1511 
mustard gas exposure, 1512 
mycotic infections, 1510 
onchocerciasis, 1511 
parasites, 1510 1511 1511 
pleomorphic adenomas (lacrimal glands), 1511 
sampling techniques, 1509 
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squamous papillomas, cornea, 1511 
viral infections of, 1509 1510 
xanthelasma, 1511 

malignant melanomas of, 1512 1516 1517 1518 1517 
metastatic tumors to, 1518 1519 1520 1519 1520 
orbit of, 1512 1513 1514 1515 1515 1516 
acinic cell carcinoma, 1515 
adenoid cystic carcinoma, 1515 
bacterial infections, 1514 
benign tumors, 1514 1515 1515 
CT, 1512 
cysts of, 1514 

embryonal rhabdomyosarcomas of, 1515 
FNA, 1512 

juvenile pilocytic astrocytomas in, 1514 
lacrimal gland tumors in, 1514 1515 1516 
Langerhans cell histiocytosis in, 1514 
lymphomas in, 1515 
malignant tumors of, 1515 1516 
meningiomas of, 1514 1515 
mucoepidermoid carcinoma of, 1515 
neurofibromatosis of, 1514 
non-Hodgkin's lymphomas of, 1515 
optic nerve gliomas of, 1514 
orbital plasmacytoma, 1515 
pleomorphic adenomas, 1514 1515 1516 
pseudotumors with, 1514 1515 
sampling techniques for, 1512 1513 1514 
sarcomas with, 1515 
paraneoplastic syndrome, 1516 
retinoblastomas, 1516 
vitreous body, 1518 1518 1519 
asteroid hyalosis, 1518 
fibrovascular membranes, 1518 
infections, 1518 
retinal detachment, 1518 1518 
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Facultative heterochromatin, 46 93 102 
FAK. See Focal adhesion kinase 

Fallopian tube carcinoma, peritoneal washings, 525 526 525 
Fallopian tube, 508 509 510 509 510 
benign disorders, 508 
carcinoma, 509 510 
carcinoma, occult, 525 526 

cervicovaginal smears/endometrial samples in, 509 510 509 510 
histologic recall, 508 
histology/clinical features of, 508 509 
Fallopian tubes, 184 185 508 509 510 
False-negative cervical smears, 364 365 366 367 366 367 
False-positive cervical smears, 367 368 
Farmer's lung, 603 
Fat necrosis 

breast, 1091 1092 1102 
newborns with, 1288 
Fayrter cells, 571 
FCL. See Follicular lymphoma 

Female genital tract, 183 184 185 186 187 188 189 190 191 192 193 194 195 196 
197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 
216 217 218 219 220 221 222 223 See also Cervix; component organs 
acute inflammation of, 255 256 
anatomy of, 183 184 185 184 

bacterial infections of, 262 263 264 265 266 267 268 
chronic inflammation of, 256 259 260 261 260 
macrophages in, 259 260 261 260 

cytologic examination of, 185 186 187 188 189 190 191 192 193 194 

cytology of cancers metastatic to, 543 544 545 546 547 548 549 544 545 546 547 

548 

choriocarcinoma, 545 
malignant lymphomas/leukemias, 548 549 
cytomegalovirus, 272 
fungal infections of, 268 269 
helminthic infections of, 275 276 277 

inflammatory processes, 254 255 256 257 258 259 260 261 262 263 264 265 266 

267 268 269 270 271 272 273 274 275 276 277 

lavage (peritoneal), 514 515 516 517 518 519 520 521 522 523 524 525 526 See 

also Peritoneal washings 
nonviral inclusions in, 272 
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parasitic infections/infestations in, 272 273 274 275 276 277 

rare disorders of, 528 529 530 531 532 533 534 535 536 537 538 539 540 541 542 
543 544 545 546 547 548 549 
adenoid basal cell carcinomas or epithelioma (cervix), 540 541 
adenoid cystic carcinomas (cervix), 540 541 540 
amyloidosis of cervix, 529 
benign tumors, 529 530 

botryoid sarcomas, 530 531 ( See also Botryoid sarcomas) 

chloroma, 537 ( See also Chloroma) 

ectopic prostatic tissue, 529 

endodermal sinus tumor, 543 

endometrial stromal sarcomas, 531 532 

eosinophilic granuloma, 529 

epithelioid sarcomas, 532 

folic acid deficiency, 528 529 

glomus tumor, 530 

granular cell tumor, 530 

granulocytic sarcoma, 537 

leiomyomas, 529 530 

leiomyosarcomas, 530 531 

malakoplakia, 529 

malignant lymphomas, 536 537 536 537 
malignant melanoma, 541 542 543 542 543 

malignant mesodermal mixed tumors, 532 533 534 535 536 533 534 535 536 

megaloblastic anemia, 528 

Merkel cell carcinoma, vulva, 540 

neuroendocrine tumors, 537 538 539 

Pemphigus vulgaris, 529 

primary mammary carcinoma of vulva, 541 

primitive neuroectodermal tumors, 543 

rhabdomyoma, 530 

rhabdomyosarcomas, 530 531 

sarcomas, 530 531 532 531 

spindle/giant cell carcinomas, 538 539 

syringoma as, 530 

transitional/squamotransitional carcinomas, 541 
self-administered sampling of, 223 
squamous epithelium, steroid hormone effects on, 228 229 

therapeutic procedures' effects, 553 554 555 556 557 558 559 560 561 562 563 564 
565 566 

Arias-Stella phenomenon, 565 565 

benign epithelia in, 555 556 556 

benign vs malignant cells in radiotherapy, 557 

busulfan effects, 562 563 

cervical intraepithelial neoplasia, 565 

chemotherapy agents, 561 562 563 562 563 

Chlamydia trachomatis, 560 
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cytogenetics, 561 
cytology, 561 

cytoplasmic vacuolization, 554 
DNAploidy with, 561 
electrocautery effect, 553 

heat/cold/laser treatment effect, 553 554 555 554 
herpesvirus, 560 
HPV 555 558 562 
immune deficiency, 563 564 564 
karyorrhexis, 554 

large loop electrosurgical excision procedure, 553 
laser cryosurgery in, 553 
liver abnormalities (contraceptives), 566 
microglandular hyperplasia (cervix), 565 
oral contraceptive drugs, effect, 565 566 
organ transplantation effect, 563 
persisting radiation effect, 556 557 
post-irradiation dysplasia, 557 558 559 560 558 559 560 

P.I-19 

post-radiation cancer, 560 

radiotherapy, 555 556 557 558 559 560 561 556 557 558 559 560 
radiotherapy prognostic factors, 560 561 
topical antibiotics, 555 

vaginal/sexuality changes with radiotherapy, 560 
tumor immunochemistry for, 1665 1666 
uterus, anatomy, 184 185 
vagina, anatomy, 184 
viral infections of, 269 270 271 272 
vulva, anatomy, 183 184 
Ferruginous bodies, 584 585 586 586 1620 
a-fetoprotein (AFP). See a-fetoprotein 
Feulgen stain, 55 1614 
Fiberoptic instruments, 13 13 
Fibrillar proteins, 40 

Fibroadenoma, breast, 1097 1098 1098 1099 1100 1102 
Fibrocalcific granulomas, respiratory tract, 576 
Fibrocystic disease, breast, 1095 1096 1097 1096 1097 
cytology of, 1 096 1 097 1 097 
histology of, 1095 1096 1096 
Fibrolamellar, hepatocellular carcinoma, 1403 1406 
Fibromas, 145 
Fibromatosis, 1306 1307 
neck masses as, 1182 
Fibrosarcomas, 146 
salivary gland, 1256 

soft tissue lesions of, 1307 1308 1309 1310 
Fibrous histiocytoma, 1305 1306 
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Fibrous lamina, 43 
Fibrovascular membranes 
vitreous body with, 1518 
Ficoll method, 1620 
Filamentous proteins, 31 
Filariae, 277 277 
Filariasis, 762 
Filariform larvae, 622 
Filtration, 1587 1588 1589 1588 1589 
common chemicals with, 1589 
Cyto-Tek MonoPrep system for, 1589 
materials needed for, 1587 
preparation methods, 1588 
transferring cells to slides, 1589 

Fine needle aspiration biopsy (FNA). See also Aspiration cytology 
adrenals in, 1482 1482 
aspiration without syringe, 1062 

basic technique for, 1059 1060 1061 1062 1059 1060 1061 1062 
nonpalpable lesions, 1062 

palpable lesions, 1059 1060 1061 1062 1060 1061 1062 
breast investigation with, 1083 1084 1085 
limitations of, 1084 
contraindications for, 1058 1059 
current status of, 10 11 
as diagnostic technique, 11 
equipment for, 1057 1058 1058 
needles, 1057 1058 
syringes, 1057 1058 1058 
Tao Aspirator, 1058 
eye orbit with, 1512 

failure obtaining representative sample with, 1072 1073 1072 
air-drying artifacts in, 1072 1073 
blood clotting in, 1073 
crush artifact in, 1073 
excessive blood in, 1072 
incorrect needle placement in, 1072 1072 
insufficient material in, 1072 1073 1072 
nonrepresentative material in, 1072 1073 1072 
fixation/staining of aspirated material, 1066 1067 1067 
aspirates' liquid processing in, 1066 1067 
cell blocks in, 1067 
hematoxylin-eosin in, 1066 1067 
May-Grunwald-Giemsa in, 1066 1067 
Papanicolaou stains, 1066 1067 
rapid staining techniques, 1066 
Romanowsky-type stains, 1066 
special studies preparation, 1067 
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history of, 9 10 

kidneys in, 1456 1457 1480 1481 
liver diseases in 
limitations of, 1392 1393 
liver/pancreas in, 899 

lung tumors diagnosis with, 646 648 658 659 
lymph nodes, 1187 1188 1189 1188 1189 

methods and procedures, 9 10 11 1056 1057 1058 1059 1060 1061 1062 1063 1064 

1065 1066 1067 1068 1069 1070 1071 1072 1073 1074 1075 1076 1077 1078 

pancreas, 1429 1453 1454 

patient preparation for, 1059 

patient selection for, 1058 1059 

prostate, 1263 1263 

salivary glands, 1229 1230 1231 1232 1233 1234 1235 1236 1237 1238 1239 1240 
1241 1242 1243 1244 1245 1246 1247 1248 1249 1250 1251 1252 1253 1254 1255 
1256 1257 1258 

sample interpretation approach, 1073 1074 
service organization, 1077 1078 
aspiration clinic in, 1078 
aspiration performance, 1077 1078 
side effects/complications, 1062 1063 1064 
abdomen, 1063 
deep-seated targets, 1063 
histopathology diagnostic problems, 1064 
infarction after, 1063 
superficial targets of, 1062 1063 
thorax in, 1063 

transrectal sampling infections, 1063 

tumor implantation in, 1063 1064 (See also contraindications for) 
skin sampling with, 1287 

special problems with, 1067 1068 1069 1070 1071 1072 1068 1069 1070 1071 
Axillary masses in, 1071 1071 
bone lesions in, 1071 1072 
breast, 1069 1070 1069 1070 
cystic lesions, 1070 
deep-seated neck lesions, 1068 1069 
deep-seated soft-tissue masses, 1071 1072 
intracutaneous lesions, 1070 1071 
large lesions, 1070 1071 

small targets adjacent to major vessels, 1069 1069 
thyroid gland, 1067 1068 1068 

translating cytologic into histologic patterns for, 1074 1075 1076 1077 1075 1076 1077 
adenocarcinomas, 1075 1076 
anaplastic carcinomas, 1077 1077 
benign tissues, 1074 1075 1075 
capillaries/small vessels, 1074 1075 
connective tissues, 1074 
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ducts/acini, 1074 1075 
malignant lymphomas, 1077 
malignant tumors, 1075 1076 1077 1076 1077 
multilayered epithelia, 1074 
soft-tissue sarcomas, 1 077 
solid carcinomas, 1076 1076 
FISH. See Fluorescent in situ hybridization 
Fish tail (lung macrophages), 794 
Fishnet chromatin structure, 612 
FITC. See Fluorescein isothiocyanate 
Five prime (5'), 74 
5-bromodeoxyuridene (BRDU), 169 
Fixation, 22 1570 1571 1572 1573 1570 1571 
balanced salt solution, 1572 

Bales method, 1572 1583 1584 1585 1584 1585 1586 
Bouin's solution, 1572 
Carbowax, 1571 1573 
coating, 1571 1571 
diaphane, 1571 1572 
ethanol, 1570 1571 1570 
formaldehyde solution, 1572 
formalin vapor, 1572 
formol alcohol, 1572 
methanol acetic acid, 1572 1573 
polyethylene glycol, 1571 

preparative methods with, 1636 1637 1638 1639 
Saccomanno's, 1572 1579 1580 1581 1580 
smear processing with, 1572 
special purpose, 1572 1573 
use directions for, 1576 
Fixatives, 17 
Bouin's, 447 1572 
Carnoy's, 1573 1583 1621 
CytoRich Red, 17 
special-purpose, 1572 1573 
spray, 17 1571 
Flagella, 28 

Flat condyloma, cervix, 298 

Flat precursor lesions, cervix, 333 334 335 336 337 338 339 340 341 342 343 344 345 
346 347 334 335 336 337 338 339 340 341 342 343 344 345 346 347 
Floaters, 17 

R 1-20 

Florid squamous metaplasia, cervix 
cytology of, 250 251 

female genital tract therapy effects in, 555 
Flotation techniques, fluids, 1619 1620 1620 

Flow cytometry, 1709 1710 1711 1712 1713 1714 1715 1716 1717 1718 1719 1720 
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1721 1722 1723 1724 1725 1726 1727 1728 1729 1730 1731 1732 1733 1734 1735 
1736 1737 1738 1739 1740 1741 1742 1743 1744 See also specific organs 
apoptosis in, 1723 1723 
cell enrichment with, 1723 1724 
cellular features measurable by, 1712 
data analysis for, 1717 1718 1719 1720 1718 1719 
controls in, 1719 1720 
data acquisition with, 1717 
data display with, 1717 1718 1718 1719 
DNA histograms, 1717 1718 1719 
kurtosis in, 1719 

scattergrams with, 1717 1718 1718 1719 
DNAanalysis of tumors with, 1720 1721 1722 1720 1721 1722 
CDK and CKI in, 1722 1723 
cell proliferation in, 1720 1721 1721 1722 
DNAploidy in, 1720 1720 
proliferation associated antigens in, 1722 1723 
DNA histogram and prognosis with, 1724 1725 1726 1727 1728 1729 1730 1731 1732 
1726 

adrenal tumors, 1731 1732 

Barrett's esophagus, 1725 1726 1726 

bone/soft tissue sarcomas, 1729 

breast carcinoma, 1726 1727 

cervix adenocarcinoma, 1730 

colorectal carcinoma, 1727 1728 

cutaneous malignant melanoma, 1728 

endometrial carcinoma, 1728 1729 

gastric carcinoma, 1732 

head/neck squamous carcinoma, 1730 1731 

lung carcinoma, 1729 1730 

neuroblastoma, 1732 

oral squamous carcinoma, 1726 

ovary carcinoma, 1728 

pheochromocytomas, 1731 1732 

pituitary tumors, 1732 

prostatic carcinoma, 1725 

renal carcinoma, 1731 

thyroid tumors, 1731 

urinary bladder carcinoma, 779 780 784 832 833 833 1724 1725 
uterine cervix carcinoma, 1730 
Wilms' tumor, 1731 

hematology, 1732 1733 1734 1733 1734 1735 1736 1737 
automated blood counts in, 1732 1733 

lymphoma/leukemia analysis in, 1733 1734 1733 1734 1735 1736 1737 
high-resolution image analysis vs, 1714 1715 

historical overview of, 1709 1710 1711 1712 1710 1711 1712 1710 1712 
laser scanning, 1735 1736 1737 1738 1739 1740 1738 1739 1740 
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new horizons in, 1734 1735 1738 
precancerous epithelial lesions, 1732 
principles of, 1712 1713 1714 1713 1714 
cell sorting in, 1713 1714 1714 
laminar flow in, 1713 
light scatter in, 1 71 3 1713 
light sources in, 1713 
pulse width measurements in, 1713 

solid tumors in, 1724 1725 1726 1727 1728 1729 1730 1731 1732 1724 1726 
specimen preparation for, 1714 1715 1716 
cell dissociation from tissues in, 1715 
hematopoietic, 1716 
nuclear isolation techniques, 1716 
staining methods, 1716 1717 1717 
acridine orange, 1716 
DAPI, 1716 

DNAstaining, 1716 1717 
immunofluorescence stains, 1717 
propidium iodide stain in, 1716 
techniques of, 1740 1741 1742 1743 1744 
acridine orange staining as, 1742 1743 
DNA assays of paraffin-embedded specimens, 1743 
immunocytochemical assays, 1743 1744 
nuclear DNA measurements using DAPI, 1740 1741 
nuclear DNA measurements using PI, 1741 1742 
Fluid mosaic membrane, 26 

Fluid specimen collection, 17 18 1574 1575 1576 1577 1578 1579 1580 1581 1582 
1583 1584 1585 

Fluids. See also Effusions; other fluids 
Fluorescein isothiocyanate (FITC), 1717 1733 

Fluorescent in situ hybridization (FISH), 47 48 93 103 111 112 156 1621 1622 1672 
circulating tumor cells with, 1552 
equipment for, 1621 

lymph nodes aspiration biopsy with, 1188 
modified Carnoy's fixative for, 1621 
probe preparation for, 1 622 
protocol for, 1621 1622 
reagents with, 1621 
respiratory tract, 573 
slide preparation for, 1622 
urothelial tumors diagnosis with, 836 836 
urinary tract, 799 
Fluorescent microscopy, 23 
FNA. See Fine needle aspiration biopsy 
Focal adhesion kinase (FAK), 353 
Focal hyperplasia, esophagus tumors with, 853 
Focal keratinization, cervix, 357 
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Focal nodular hyperplasia (FNH), liver, 1398 1399 
Folded fiber structure, chromosomes, 81 83 
Folded-cell index, 231 
Follicle-stimulating hormone (FSH), 233 
Follicular bronchitis, 581 626 
Follicular cervicitis, 261 262 261 345 

Follicular hyperplasia, lymph nodes, 1190 1191 1192 1190 1191 1192 1193 1191 
Castleman's disease with, 1191 1192 
conditions associated with, 1190 1191 1192 1193 
cytology of, 1190 1191 1192 
immunophenotyping with, 1190 1192 
Kikuchi's lymphadenitis with, 1192 
Kimura's disease with, 1192 
Russell bodies with, 1190 
systemic lupus erythematosus with, 1190 1191 
Follicular lymphoma (FCL), 1203 1204 1205 1204 1205 1206 
Follicular tumors 

thyroid, 1157 1158 1159 1160 1159 1160 1161 
cytology with, 1159 1160 1159 1160 1161 
histology with, 1157 1158 1159 
Foote/Stewart method, cervix, 377 377 
Forensic science, lower urinary tract cytology in, 739 
Fouchet's method, bile, 1609 
4’-6-diamidino-2 phenylindole. See DAPI 
Fracture callus, 1372 
Frame-shift mutation, 74 
Franzen, Sixten, 10 
Franzen's instrument, 1264 1264 
Freeze-fracture technique, 24 26 
of tight junction, 31 34 
Frozen sections, 6 

FSH. See Follicle-stimulating hormone; Pituitary follicle-stimulating hormone 
Fundus, 866 

Fungal infections. See also specific organs 
of genital tract, female, 268 269 
granulomatous lymphadenitis with, 1195 1195 
lower urinary tract, 756 
skin inflammation with, 1287 1287 
spleen with, 1421 
vitreous body with, 1518 

Fungal meningitis, CSF cytology with, 1027 1028 
Fungi 

CNS lesions with, 1527 1527 
gastric disorders from, 868 
nonmalignant effusions, 934 
Fungus balls, bronchus, 616 
Fusobacterium nuc/eatum, 606 
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Galactocele, breast, 1098 1099 
Galactorrhea, 235 236 

Gallbladder, 894 895 896 897 898 899 900 901 902 903 904 905 906 907 908 909 
910 897 898 899 900 901 902 903 904 905 906 907 908 909 
anatomy of, 894 895 897 
benign tumors of, 910 
carcinoma of, 910 
cytology indications, 896 909 
histology of, 896 
inflammatory lesions of, 910 
investigation methods, 896 897 898 899 898 899 
current sampling techniques, 898 899 898 899 909 
older sampling techniques, 896 897 898 
Gallstones, 1432 
Gametes, 79 

Ganglion cells. See Neurons 
Ganglion cysts, synovial fluid with, 1045 
Ganglioneuroblastomas, 1491 1491 
retroperitoneum with, 1497 1499 
Ganglioneuromas, 1491 1492 1491 
mediastinum, 1376 1381 1381 
retroperitoneum, 1497 1499 
Gap junctions, 29 30 32 34 
Gap phase, 81 

Gardnerella vaginalis, 262 263 263 

Gartner's duct, benign tumors of, 467 

Gartner's duct carcinoma, 413 414 415 

Gas cysts, of intestine, 872 

Gastric adenocarcinomas, 1663 See also Stomach 

Gastric amyloidosis, 872 

Gastric atypias, treatment caused by, 873 

Gastric cancer, 549 

Gastric carcinomas. See Gastrointestinal tract 
circulating tumor cells and, 1557 1558 
DNA histogram and prognosis with, 1732 
Gastric epithelium (Mucosa) 
histology of, 866 867 869 
Gastric lymphoma, 883 884 885 884 
diagnostic cytology, 884 885 
Hodgkin's lymphoma, 884 
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large-cell, 883 884 885 884 
MALT, 883 884 1203 
small-cell, 883 884 
Gastric peptic ulcer, 869 870 870 
Gastric syphilis, 872 
Gastric tuberculosis, 872 
Gastrin, 893 

Gastritis, 868 869 870 871 872 

Gastroesophageal reflux disease (GERD), Barrett's esophagus associated with, 852 
Gastrointestinal autonomic nerve tumor. See Gastrointestinal stromal tumors 
Gastrointestinal cancer, 549 
Gastrointestinal carcinomas 
circulating tumor cells, 1557 1558 
metastatic tumor of bone as, 1366 1368 
metastatic tumors of, 989 990 991 See other organs 
Gastrointestinal stromal tumors (GIST), 109 885 886 887 885 886 
benign, 885 886 
malignant, 886 887 886 

Gastrointestinal tract. See also Colon; Esophagus; Extrahepatic bile ducts; Stomach 
cytologic investigation of, 847 848 
sampling methods for, 847 848 
endoscopic ultrasound-guided needle aspiration, 848 
salvage cytology, 848 
smear preparation for, 849 

tumor immunochemistry for, 1662 1663 1664 1663 
Gatekeeper genes. See Tumor suppressor genes 
Gaucher's disease, 626 1394 
spleen, 1421 
G-banding, 91 92 

GCDFP15. See Gross cystic disease fluid protein 
Gelatinous carcinoma, pancreas, 1445 
Gene(s), 59 74 See also DNA 
activation, 64 

analysis/identification, 68 69 69 
composition of, 60 
definition of, 62 
identification, 66 67 67 
library, 74 
products, 71 
quantification of, 71 
replication 
in vitro, 66 
transcription 

regulation of, 62 63 64 63 64 
Gene rearrangement, 126 See also specific organs 
in malignant leukemias, 154 
in malignant lymphomas, 154 
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Genetic code, 59 60 60 

Genetic diagnostic techniques, advances in, 111 112 113 114 115 116 

Genetic engineering, 74 

Genetic fingerprinting, 63 63 70 

Genetic inheritance, dominant/recessive, 55 

Genital herpes. See Herpes simplex genitalis 

Genital tract. See Female genital tract 

Genome, 74 

Genomic hybridization, comparative, 113 113 115 See also Comparative genomic 

hybridization 

Genomic identity, 80 

Genomics, 74 110 

Genotyping, lymph nodes aspiration biopsy with, 1188 
GERD. See Gastroesophageal reflux disease 
Germ cell formation, 96 97 
Germ cell tumors 
choriocarcinoma, 1383 1384 
circulating tumor cells and, 1557 
embryonal carcinoma, 1383 
immunohistochemistry, 1644 

mediastinum tumors, 1376 1381 1382 1383 1384 1382 1384 
metastasizing to lymph nodes, 1221 1222 1222 
seminomas (Germinomas), 1383 1384 
teratomas, 1382 1383 1382 1384 
of testis, 1278 1279 1280 1281 1278 1279 1280 1281 
embryonal carcinoma, 1278 1281 
seminoma, 1278 1279 1280 1281 1279 1280 1281 
teratomas as, 1278 1281 
yolk sac tumors, 507 1383 
Germinomas 
brain tumors, 1529 1535 
mediastinum tumors, 1383 1384 
Gestational choriocarcinoma, 545 See also Choriocarcinoma 
GFAR See Glial fibrillary acidic protein 
Giant-cell carcinomas 
female genital tract, 538 539 
lung, 647 670 671 670 
urothelial, 814 

Giant-cell interstitial pneumonia, 604 605 
Giant-cell tumors, bone, 1355 1356 1357 1357 1358 
Giant-cell undifferentiated carcinoma, pancreas, 1443 1444 
Giardia lamblia, 622 868 934 
duodenal aspirate in, 900 
Giemsa stain, 22 1615 
Gingivitis, 716 

GIST. See Gastrointestinal stromal tumors 
Glassy-cell carcinomas, cervix, 414 415 416 509 
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Glial cells, 1524 1526 

Glial fibrillary acidic protein (GFAP), 1653 1654 
Glioblastoma multiforme 
brain, 1532 
CSF, 1031 1032 
Glioma, 146 

Gliosarcoma, brain, 1531 
Glisson's capsule, 1390 
Glomerulus, kidney, 739 
Glomus tumor, female genital tract, 530 
Glycocalix, 28 
Glycogen, 43 

Goblet cells, 571 579 579 590 1509 
Goiters, 1151 1152 1152 1153 1154 
cytology, 1151 1152 1152 1153 1154 
histology, 1151 
Golgi complex, 33 35 36 
active, 35 37 
inactive, 35 36 
Gonadal dysgenesis, 98 232 
Goodpasture's syndrome, 601 
Gout, synovial fluid, 1048 1049 
Graafian follicle. See De Graaf (Graafian) follicle 
Gram's stain, 1612 
Gram-Weigert stain, 1611 1612 
Granular cell tumors 
breast, 1099 1100 1102 

P.I-22 

female genital tract, 530 
lung, 692 693 692 
mediastinum, 1381 
vulva, 479 

Granulocyte-colony stimulating factor, 357 
Granulocytic sarcoma, 537 
Granuloma inguinale, 265 265 
Granuloma venereum, 265 265 
Granulomatous inflammation 
cell injury and, 140 141 141 
lower urinary tract, 755 
respiratory tract, 626 

Granulomatous lobulitis, breast. See Idiopathic granulomatous mastitis, breast 
Granulomatous lymphadenitis, lymph nodes, 1193 1194 1195 1196 1194 1195 1196 1496 
conditions associated with, 1194 1195 1196 1195 1196 
cat-scratch disease as, 1196 
Cryptococcus as, 1195 1196 
fungal infections as, 1195 1195 
histoplasmosis as, 1195 
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lymphogranuloma venereum as, 1196 
mycobacterial infections as, 1194 1195 1195 
sarcoidosis as, 1196 
sclerosing mediastinitis as, 1195 
toxoplasmosis as, 1195 
cytology of, 1 1 94 11 94 
retroperitoneum, 1496 
Granulomatous thyroiditis, 1155 1155 
Granulosa cell tumors, ovary, 234 504 
Granulosa cells, 491 493 494 
Graves' disease. See Hyperthyroidism 
Gravlee Jet Wash, 446 
Gray, A, 9 
Greig, E, 9 

Grocott's method, 1611 

Gross cystic disease fluid protein (GCDFP15), 1657 1658 
Gruber-Frantz tumor. See Solid pseudopapillary tumor; pancreas 
Guanine, 56 

Guillain-Barre syndrome, CSF, 1029 
Gynecologic cytology, clinical procedures in, 20 
Gynecomastia. See also Cytologic sampling 
male breast, 1130 1131 1132 
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Haemophilus vaginalis. See Gardnere/ia vaginalis 
Hairy oral leukoplakia, 718 
Halo cells, 287 
Hamartomas 
liver, 566 

lower respiratory tract, 576 
lung, 693 694 
spleen, 1421 

Hamman-Rich syndrome, 603 604 
Hand-Schuller Christian disease, 608 
in lymph nodes, 1197 
Haploid set, 96 

Hashimoto's thyroiditis, 1149 1155 1156 1157 1163 
thyroid biopsy diagnosis of, 1149 
Hassall's corpuscles, 1375 
HCC. See Hepatocellular carcinoma 
hCG. See Human chorionic gonadotropin 
P-HCG. See p-human chorionic gonadotropin 
Heart failure cells, lung, 600 601 601 
Heat-stable polymerase, 71 
Helical CT screening. See Spiral CT screening 
Helicobacter pylori, 868 
Helminth, CNS lesions, 1527 1528 1527 
Hemachromatosis, 1394 
Hemangiomas 
breast, 1101 
liver, 1398 1399 
soft tissue, 1322 

Hemangiomatous granuloma, nasopharynx, 731 
Hematologic techniques, 10 
Hematopoietic cells, 928 

Hematoxylin-eosin, staining of aspirated material, 1066 1067 
Hematuria, papillary urothelial tumors, 780 
Hemidesmosomes, 31 32 48 
Hemoglobin molecule, 62 
Hemolymph heteroagglutinin, 1546 
Hemorrhagic cystitis, 758 767 
Hemosiderin, 601 929 
CSF, 1025 1026 

Hemosiderin-containing macrophages 
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female genital tract, 518 
ovary, 496 

respiratory tract, 600 601 
Hepatic abscesses, 1397 See also Liver 
Hepatic insufficiency, 236 
Hepatic stellate cells, 1391 
Hepatitis, chronic, 1394 
Hepatoblastoma, 1408 1409 1413 
cytology of, 1410 
histology of, 1408 1409 

Hepatocellular carcinoma (HCC), 1399 1400 1401 1402 1403 1404 1400 1402 1403 
1404 1405 1406 1407 1407 
clear-cell variant of, 1401 

clinical presentation/prognosis of, 1400 1401 1400 
cytology of, 1401 1402 1403 1404 1404 1405 1406 1407 1407 
epidemiology of, 1399 1400 
fibrolamellar carcinoma as, 1403 1406 
fibrolamellar variant of, 1401 
histology of, 1400 1401 1402 1403 
immunohistochemical studies, 1404 
metastatic effusions, 989 990 
metastatic adenocarcinoma vs (hepatoma), 1412 
pleomorphic, 1403 1407 
poorly differentiated, 1403 
pseudoglandular, 1403 
well-differentiated, 1402 1403 
Hepatocytes, 1391 1392 

Hepatoma, 146 566 See also Hepatocellular carcinoma; Liver 
circulating tumor cells and, 1559 
Hereditary benign intraepithelial dyskeratosis, oral cavity, 719 
Hereditary nonpolyposis colorectal cancer, 154 
Herpes genitalis, 478 

Herpes simplex encephalitis, CSF cytology, 1027 
Herpes simplex genitalis 
cytology of, 270 271 272 270 271 
definition of, 269 
histology of, 269 270 270 
incidence of, 270 
of unknown origin, 272 273 
Herpes simplex virus (HSV) 

CNS lesions with, 1526 1527 
female genital tract therapy effects, 560 
lower respiratory tract with, 609 610 611 609 610 
lower urinary tract infection with, 756 757 
viral-type inclusions, 611 
Herpesvirus type 2 (HSV-2), 269 286 
Herpetic esophagitis, 850 851 851 
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clinical findings/histology of, 850 
cytology of, 850 851 851 
Herzheimer's fibrils, 327 
Heterochromatin, 93 94 95 96 96 
constitutive, 93 96 102 
facultative, 93 102 
Heteroduplex, 74 

Heterogeneous nuclear riboprotein (hnRNP), 676 
Heterologous carcinosarcomas. See Mesodermal mixed tumors 
Heterophil antibody test 
lymph nodes infection in, 1193 
Heterozygous, 74 

HGAIN. See High-grade anal intraepithelial neoplasia 
HGSIL. See High-grade squamous intraepithelial lesions; Cervix 
Hidradenoma papilliferum, 479 
High-grade anal intraepithelial neoplasia (HGAIN), 485 
High-grade lesions (small cell), cervix, 342 343 344 345 345 346 347 
cytology of, 343 344 345 345 346 347 
histology of, 343 345 346 

High-grade squamous intraepithelial lesion (ASC-H), cervix, 359 360 407 
dysplastic cells with, 360 

High-grade squamous intraepithelial lesions (HGSIL), cervix, 300 301 301 302 308 308 329 
336 337 339 

clinical significance of, 339 340 
cytology of, 339 
histology of, 338 339 340 

P. 1-23 

squamous metaplasia with, 341 342 343 
uterine cervix carcinoma detection with, 373 
Hilar cell tumors, 234 
Hilum, 491 
Hilus, 570 

Histiocytes, 127 128 See also Macrophages 
Histiocytic medullary reticulosis, 1039 
Histiocytoma, 626 
esophageal tumors, 865 
Histiocytosis X, 608 
Histometry, 1683 1685 

DNAploidy analysis with, 1690 1691 1690 1691 
Histopathology, history 
beginning of, 6 
current status of, 6 
definition of, 6 
era of, 6 

tissue pattern analysis and, 6 
Histoplasma, 621 

Histoplasmosis, 615 616 616 756 1484 
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granulomatous lymphadenitis with, 1195 
inflammatory diseases of colon with, 889 
History of Clinical Cytology (Grunze and Spriggs), 3 
HIV. See Human immunodeficiency virus 
HLA See Human leukocyte antigen 
HMB45, 1654 1655 

hnRNP. See Heterogeneous nuclear riboprotein 
Hodgkin's lymphoma 
ancillary studies on, 1216 1216 
cervix, 296 

cyclophosphamide with, 769 
cytology of, 1215 1216 1215 1216 
differential diagnosis of, 1216 1216 1217 
effusions with, 997 998 1001 
female genital tract, 537 549 
gastric, 884 

immunophenotyping for, 1216 
immunosuppression with, 564 
lung, 702 703 702 

lymph nodes, 1215 1216 1215 1216 1216 1217 
lymphocytic depletion subtype of, 1216 
mediastinum tumors of, 1380 1381 
nodular lymphocyte-predominant subtype of, 1216 
Reed-Sternberg cells with, 1216 1216 
retroperitoneum and, 1493 
Homer-Wright rosettes, 1491 
Homologue, 91 93 
Homozygous, 74 
Honeycomb lung, 603 
Hooke, Robert, 3 

Hookworm. See Ancylostoma duodenaie 

Hormonal abnormalities, female, 227 228 229 230 231 232 233 234 235 236 237 238 
239 

Hormonal contraceptive agents, 430 
Hormonal cytology 
in age groups, 229 
techniques of, 229 230 
urocytograms and, 230 
vaginal smears and, 229 230 
Hormonal patterns 
objective evaluation of, 230 231 
visual evaluation of, 231 

Hormone therapy, squamous epithelium and, 236 237 238 239 

Horny layer, 121 122 

Horseradish peroxidase, 1640 

HPV. See Human papillomavirus 

HSV-2. See Herpesvirus type 2 
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Human androgen receptor (Humara), 155 
Human anti-lymphocytic serum, 563 

Human cancer, chromosomes and, 105 106 107 108 109 110 111 108 109 111 

P-human chorionic gonadotropin (P-HCG), 1499 

Human chorionic gonadotropin (hCG), 211 316 545 

Human chromosome complement, 91 92 93 94 95 96 92 94 

Human Genome Project, 65 151 

Human genome sequencing, 65 66 

Human immunodeficiency virus (HIV). See also specific organs 
lymph nodes infection with, 1193 
precautions for, 1 624 1 625 1 626 
environmental considerations in, 1625 
housekeeping in, 1625 
laboratory, 1624 1625 
laundry in, 1625 
sterilization in, 1625 
universal, 1624 

squamous intraepithelial lesion and, 352 
uterine cervix carcinoma risk with, 286 
Human leukocyte antigen (HLA), 127 
Human papillomavirus (HPV), 145 147 
carcinogenic agent, cervix, 293 294 295 
circulating tumor cells with, 1559 
classification of, 288 289 288 289 290 
cornea, 1512 

cytology adjunct testing, 371 372 

early observations in humans, 286 287 288 286 287 

esophageal squamous carcinoma, 853 854 

female genital tract therapy effects, 555 558 562 

infection mechanisms with, 296 296 

invasive squamous carcinoma, oral cavity, 720 

larynx epithelial lesions with, 727 

life cycle of, 289 290 291 292 

lower respiratory tract, 613 613 

lower urinary tract infection, 761 

lung carcinogenesis with, 644 

molecular biology of, 288 288 

ORF E6/E7 with, 290 292 

precancerous lesions (cervix) diagnosis, 297 

precursor lesions (cervix), 290 291 292 293 293 

pregnant women, 295 

skin lesions, 298 

testing, 379 

unresolved questions, 295 296 297 
urothelial tumors with, 823 
vaccine, 372 
vagina, 469 
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viral transmission mechanisms, 296 
Human polyomavirus (Decoy cells), 272 
BK strain of, 757 
cytology of, 758 759 760 
diagnostic significance of, 761 
differential diagnosis of, 760 761 
inclusion stage of, 760 
JC strain of, 757 

lower urinary tract infection with, 757 758 759 760 761 758 759 760 
postinclusion stage of, 760 
progressive multifocal encephalopathy with, 757 
Humara. See Human androgen receptor 
Humoral immunity, 125 
Huntington's disease, 1052 

Hurthle cell tumors, thyroid, 1158 1160 1161 1162 1162 1163 
cytology, 1162 

differential diagnosis of, 1158 
histology, 1160 1161 1162 1163 
infarction of, 1161 
intracytoplasmic lumens in, 1162 
Warthin's-like tumor with, 1161 
Hurthle cells, 38 
Hyaline membrane disease, 636 
Hyaline membrane formation, 603 
Hybrid Capture 2 System 371 
Hybrid capture technique, 293 294 
Hydatid cysts, liver, 1395 1396 1397 1397 
Hydatidiform mole, 545 
Hydradenoma, breast, 1101 
Hydrocele fluid, 1049 1050 1050 
malignant tumors in, 1050 1050 
Hymen, in vagina, 184 
Hypaque technique, 1620 
Hyperadrenalism, 1485 
Hypercalcemia, 655 
Hyperchromasia, 165 166 
nuclear, 696 

Hyperkeratotic squamous atypia, lung, 691 691 
Hyperplasia 
adrenal, 1485 1486 
Bartholin's glands, 477 478 
cell injury and, 139 140 140 
endometrial, 430 432 433 434 433 
reserve cell, 603 

retroperitoneum with (adrenal), 1496 1496 
Hypertension, in pheochromocytoma, 1487 
Hyperthyroidism (Graves disease), 1155 1155 
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Hypocalcemia, 655 

Hypogammaglobulinemia, thymomas with, 1376 

P.I-24 

Hypoglycemia, 357 
Hypoproteinemia, 932 
Hypotonic salt solutions, 84 
Hysterectomy, 376 
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Idiopathic granulomatous mastitis, breast, 1090 
Idiopathic interstitial pneumonias, 603 604 
Ileal bladder 
cytology of, 766 766 
urine from, 765 766 766 822 
Image analysis, urothelial tumors, 834 
Imiquimod, 479 

Immobile cilia syndrome, 571 589 590 
Immune cell system, 125 126 127 128 129 
cancers of, 1 29 
CD systems in, 127 127 
lymphocytes in, 125 126 127 
macrophages in, 127 128 

Immune deficiencies, uterine cervix carcinoma risk, 286 
Immunity, 125 
cell-mediated, 125 
humoral, 125 

Immunoblastic lymphoma, posttransplantation, 1198 
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Immunocytochemistry 
controls in, 1642 1643 1642 

epithelial markers, 1643 1644 1645 1646 1647 1648 1649 1650 1643 1644 1645 1646 
1647 1648 1649 1650 
carcinoembryonic antigen, 1646 1648 
cytokeratins, 1643 1644 1645 1643 1644 1645 1646 1647 
epithelial membrane antigen, 1645 1646 1648 
other epithelial markers, 1646 1649 
transcription factors, 1646 1647 1650 
germ cell markers, 1655 1656 
glial markers, 1653 1654 

immunocytochemical methods, 1639 1640 1641 1642 
Avidin-biotin procedures, 1640 1641 
catalyzed reporter disposition, 1641 
double staining techniques, 1641 1642 
enzyme conjugates, 1640 
horseradish peroxidase, 1640 
immunofluorescence, 1640 
polymer-based, 1641 
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protein A, 1641 

unlabeled antibody enzyme procedures, 1640 
lymphoid markers, 1651 1652 1652 See also Lymph nodes 
melanoma markers, 1654 1655 1655 
HMB25, 1654 1655 
MARTI, 1655 
SI 00 protein, 1654 
vimentin, 1654 

mesenchymal markers, 1647 1648 1649 1650 1651 1650 
desmin, 1649 1650 
muscle proteins, 1649 1650 1650 
others, 1651 
ulex europaeus I, 1650 
vascular markers, 1650 1651 
vimentin, 1647 1648 1649 
molecular approaches in, 1671 1672 1673 1673 
neural/neuroendocrine markers in, 1652 1653 1653 1654 
chromogranins, 1653 1654 
cytosolic markers, 1653 1653 
Leu 7 1653 

neurofilaments, 1652 1653 
neuron-specific enolase, 1653 
others, 1653 

peptide hormones/amines, 1653 
synaptophysin, 1653 
nuclear organizer regions, 1671 

preparative methods with, 1636 1637 1638 1639 1637 1638 
antigen retrieval methods, 1638 1639 
cytological preparations, 1637 1638 
fixation, 1636 1637 1638 1639 
prognostic markers, 1669 1670 1671 
regulatory issues, 1643 

specific sites of tumors, 1656 1657 1658 1659 1660 1661 1662 1663 1664 1665 1666 
1667 1668 1669 1657 1658 1659 1660 1660 1661 1663 1664 1665 1666 1667 1668 
1669 1669 

adrenal glands, 1668 1669 1669 1669 

breast, 1657 1658 1659 1658 1659 

cervix, uterine carcinoma, 316 317 

effusions, recognition of malignant cells, 957 958 958 

endocrine glands, 1666 1667 1668 1669 1666 1667 1668 1669 1669 

female genital tract, 1665 1666 1665 

gastrointestinal tract, 1662 1663 1664 1663 

kidney, 1664 1665 1664 

liver, 1662 1663 1664 1663 

lung, 1659 1660 1660 

mesothelioma, 968 969 970 970 1660 1661 1662 1660 1661 
pancreas, 1662 1663 1664 1663 
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prostate, 1664 1665 1664 

small round cell tumor markers, 1656 1657 1657 1657 
urinary bladder, 1664 1665 1664 
Immunocytochemistry, general, 119 See also Immunochemistry 
circulating cancer cells identification, 1551 1552 
breast cancer, 1 552 1 553 1 554 
colorectal carcinoma, 1557 1558 
esophageal carcinoma, 1557 
gastric carcinoma, 1557 1558 
pancreatic carcinoma, 1558 
prostatic carcinoma, 1555 1556 1557 1556 
Immunoglobulin crystals (pleural fluid), 930 
Immunoglobulins, 176 
Immunology, 125 

Immunomagnetic cell selection, circulating tumor cells identification, 1552 
Immunopathology, 6 See also Immunocytochemistry 
Immunophenotyping 
follicular hyperplasia, 1190 1192 
Hodgkin's lymphoma, 1216 
Immunosuppression 
AIDS in, 563 564 
Hodgkin's lymphoma in, 564 
organ transplantation with, 563 564 564 
Immunotherapy 
lower urinary tract, 770 770 
urethra tumors, 830 
Importins, 59 
Imuran. SeeAzathioprine 
In situ amplification techniques, 72 
In situ hybridization (ISH). See also specific organs 
with DNA probes, 69 70 70 
with mRNA probes, 70 
principle of, 70 

INCI. See Intranuclear cytoplasmic inclusions 
Indian childhood cirrhosis, 1392 See also Cirrhosis 
Indiana pouch, 765 

Induced autofluorescence, urothelial tumors, 835 

Inference networks, digital analysis with, 1698 1699 

Infiltrating duct carcinomas, breast, 1105 1106 1106 1107 

Infiltrating lobular carcinomas, breast, 1112 1113 1114 1115 1114 1115 1117 

Infiltrative fasciitis, 138 

Inflammation mechanisms, of female genital tract, 255 256 257 258 259 260 261 262 

Inflammatory agents, of female genital tract, 254 255 

Inflammatory bowel disease, 1404 

Inflammatory carcinomas, breast, 1109 

Inflammatory disorders, respiratory tract, 577 

Inflammatory processes 
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cervicovaginal smears and, 229 

of genital tract, 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 
269 270 271 272 273 274 275 276 277 
Inflammatory pseudopolyp, bladder, 755 756 
Inflammatory pseudotumor, respiratory tract, 626 626 
Initiation codon, 74 
Inoperative cytology, 14 15 16 
advantages/disadvantages, 14 15 16 
applications of, 14 
methods of, 14 
Integral proteins, 25 
Integrins, 48 154 
Intercellular bridges, 29 

P.I-25 

Interference microscopy, 24 
Interference RNA(iRNA), 64 
Interferon, 479 
Intermediate airway, 569 
Intermediate filaments, 40 41 
characteristics/distribution of, 42 
Intermediate junction, 31 
Intermediate squamous cells, 122 122 
Interphase, 87 
of cell cycle, 80 81 80 
Interphase nucleus 
in electron microscopy, 46 
organization of, 46 47 48 48 
Interstitial cystitis, bladder, 756 
Interstitial lung diseases, 603 604 605 
Interstitial nephritis, 758 

Interval cancers, uterine cervix carcinoma, 347 348 
Intestinal microsporidia, 624 
Intestinal parasites, 277 

Intraadrenal paragangliomas. See Pheochromocytoma 
Intracellular membrane transport, defective mechanisms of, 27 
Intracellular membranes, structure of, 26 
Intracytoplasmic crystalloids, 532 

Intracytoplasmic eosinophilic inclusions, urinary tract, 761 762 761 
Intracytoplasmic sperm injection, 1277 

Intraductal carcinoma in situ (DCIS), breast. See also Breast ductal 
Intraductal papillary mucinous neoplasms, pancreas, 1439 
Intraductal papilloma, salivary glands, 1243 
nipple secretions cytology in, 1135 1135 
Intraepithelial carcinoma, cervix, 430 See also Carcinoma in situ 
Intraepithelial lesions 
cancer and, 149 

squamous metaplasia, cervix, 340 341 342 
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Intraepithelial neoplasia, female genital tract therapy effects on, 559 

Intrahepatic cholangiocarcinoma (ICC), 1404 1405 1406 1407 1408 1409 1408 1409 1410 
1409 1412 See also Cholangiocarcinoma 
cytology of, 1405 1406 1407 1408 1408 1409 1410 1409 1412 
HCCvs, 1412 
histology of, 1405 

Intranuclear cytoplasmic inclusions (INCI), liver, 1392 See also Other organs; tumor types 
Intranuclear eosinophilic inclusions, gastrointestinal tract, 850 
Intraurothelial neoplasia, 791 792 
Intrauterine contraceptive devices (IUD) 
effects of, 252 253 253 
endocervical epithelium and, 252 
endometrium menstrual smears and, 201 202 202 
proliferative disorders with, 423 424 424 
Intravenous pyelography, kidneys, 1457 
Intravesical drug therapy, bladder, 770 
Introns, 63 64 74 

Invasive cancer, false-negative smears, 365 
Invasive keratinizing epidermoid carcinomas, vagina, 471 
Invasive nonpapillary urothelial carcinoma, urinary tract, 803 804 
Invasive squamous cancer, homogeneous nuclei in, cervix, 328 
Invasive squamous carcinoma 
cervix, 354 355 356 357 358 359 355 356 357 358 
cytology of, 358 359 
clinical aspects/histology of, 720 
cytologic sampling indications with, 354 355 
histology of, 355 356 357 358 355 356 357 358 
HPV with, oral, 720 
lung 

cytology of, 720 721 
risk factors for, 720 
oral cavity, 720 721 721 

Invasive urothelial carcinoma, bladder, 784 785 786 787 788 789 790 791 785 See also 
Bladder; urinary tract 
grading of, 787 

histologic patterns to, 785 785 

precursor lesions of, 786 787 788 789 790 791 787 788 789 790 790 791 792 792 
atypical urothelial hyperplasia, 790 791 792 

flat carcinoma in situ, 787 788 789 790 787 788 789 790 790 791 
intraurothelial neoplasia (IUN), 791 792 
urothelial atypia, 790 791 792 
staging of, 786 787 
Inversions, chromosomes, 105 116 
Inverted papilloma, bladder, 811 
iRNA See Interference RNA 
ISH. See In situ hybridization 
Islet cell tumor, pancreas, 1446 1447 
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Islet cells, pancreas, 1432 1432 

Islets of Langerhans, 1430 1430 

Isochromosome, 105 116 

IUD. See Intrauterine contraceptive devices 

IUN III. See Bladder carcinoma in situ 
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Jaagsiekte, 664 

Jaundice, obstructive, 1395 

Jumping genes, 74 

Junctional complexes, 29 31 33 

Juvenile papillomatosis, lung, 691 

Juvenile pilocytic astrocytomas, eye orbit with, 1514 
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Kaposi's sarcoma 
anus, 484 484 
effusions with, 1007 
lung, 688 689 

metastatic, 1223 1223 1225 
vascular lesions in, 1322 
Kartagener syndrome, 590 
Karyomegaly, cervix, 319 320 321 319 
diagnostic significance of, 321 
Karyometry, 1683 
oil immersion objectives for, 1704 
Karyopyknotic Index (Kl), of squamous epithelium, 230 
Karyorrhexis, 195 288 
cyclophosphamide, 768 
female genital tract therapy effects, 554 
Kawasaki disease, 761 
Keratin subfamilies, 42 

Keratinizing squamous carcinoma, in effusions, 959 See also specific organs 

Keratinizing squamous epithelium, cervix, 122 

Kermauner, F., 5 

Kl. See Karyopyknotic Index 

Ki-67, 407 

Kidneys, 1456 1457 1458 1459 1460 1461 1462 1463 1464 1465 1466 1467 1468 
1469 1470 1471 1472 1473 1474 1475 1476 1477 1478 1479 1480 1481 See also 
Renal cell carcinoma (RCC) 
anatomy, 1457 1458 739 

benign lesions of, 1459 1460 1461 1462 1463 1464 1460 1462 1463 1463 
angiomyolipoma as, 1461 1462 1462 
malakoplakia as, 1461 

metanephric adenomas as, 1463 1464 1463 1463 

nephrogenic adenofibroma as, 1463 1464 

noncystic benign renal disorders as, 1461 1462 1462 

oncocytoma as, 1463 

papillary adenomas as, 1463 1463 

renal abscess as, 1461 

renal adenomas as, 1463 1464 1463 1463 

renal cysts as, 1459 1460 1461 1460 

renal infarcts as, 1461 

xanthogranulomatous pyelonephritis as, 1461 
cytology of normal, 1458 1459 1458 1459 
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Bowman's capsule in, 1458 1459 
renal tubular cells in, 1458 1459 
FNA biopsy results for, 1480 1481 
FNAfor, 1456 1457 
histology of, 1457 1458 1458 
indications for FNA 1457 
arteriography in, 1457 
CT in, 1457 

intravenous pyelography in, 1457 
US in, 1457 

malignant renal tumors of, 1464 1465 1466 1467 1468 1469 1470 1471 1472 1473 
1474 1475 1476 1465 1466 1467 1468 1469 1470 1471 1472 1473 1474 1475 1476 
metastatic tumors to, 1480 1481 
primary renal sarcomas of, 1480 1480 

renal cell carcinoma of, 1464 1465 1466 1467 1468 1469 1470 1471 1472 1473 1474 
1465 1466 1467 1468 1469 1470 1471 1472 1473 1474 

P. 1-26 

chromophobe, 1465 1470 1472 1473 1474 1474 
collecting duct carcinoma, 1465 1475 1476 1476 

conventional, 1465 1466 1467 1468 1469 1466 1467 1468 1469 1470 1471 
cytology with, 1467 1468 1469 1467 1468 1469 1470 1471 
epidemiology/genetics of, 1464 1465 
gross features in, 1466 1467 
histology with, 1466 1467 1467 
medullary carcinoma, 1465 1476 
multilocular cystic, 1470 1472 
oncocytomas, 1465 1470 1474 1475 1475 
papillary, 1465 1471 1472 1473 
staging/grading of, 1464 1465 1465 
renal pelvis carcinoma with, 817 818 819 820 821 1476 1477 1477 
tumor immunohistochemistry for, 1664 1665 1664 
tumors in children of, 1477 1478 1479 1480 1478 1479 
clear cell sarcoma as, 1479 1480 
mesoblastic nephroma as, 1480 
rhabdoid tumor as, 1479 
Wilms tumor as, 1477 1478 1479 1478 1479 
Kikuchi's lymphadenitis, 1192 
Kimura's disease, 1192 
Kinetochores, 84 86 87 

Kil Lymphoma. See Anaplastic large-cell lymphoma 
Klatskin's tumor, 901 
Klebsiella, 601 

Klinefelter's syndrome, 98 100 1131 
Knockout mice, 155 

Koilocytes, 320 323 324 325 471 472 613 
Koilocytotic atypia, 287 
Krukenberg tumor, 546 
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Kruskal-Wallis test, 1693 
Kulchitsky cells, 571 580 
Kun, M., 5 9 

Kupffer cells, 1391 1392 1398 
Kurnick's methyl green-pyronin, 1615 
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La Crosse encephalitis, CSF cytology, 1027 
Labia majora, 478 
anatomy of, vulva, 183 
Labia minora, 478 
anatomy of, 1 84 

Laboratory techniques, 1569 1570 1571 1572 1573 1574 1575 1576 1577 1578 1579 
1580 1581 1582 1583 1584 1585 1586 1587 1588 1589 1590 1591 1592 1593 1594 

1595 1596 1597 1598 1599 1600 1601 1602 1603 1604 1605 1606 1607 1608 1609 

1610 1611 1612 1613 1614 1615 1616 1617 1618 1619 1620 1621 1622 1623 1624 

1625 1626 1627 1628 1629 1630 See also Cervicovaginal smears 

air-dried smear rehydration as, 1572 
bronchial sample preparation in, 1583 
cell block preparation in, 1590 1591 1592 
bacterial agar method in, 1590 1591 
plasma-thrombin clot method, 1591 
CLIA 1988 regulations with 1628 1629 
coverslipping in, 1603 1604 1605 1604 
CSF sample preparation in, 1583 1584 1585 
CSF sedimentation technique in, 1617 1618 1618 
cytocentrifugation in, 1585 1586 1587 
DTT mucus liquefaction in, 1578 1579 
ferruginous body detection in, 1620 1621 
filters in, 1587 1588 1589 1588 1589 
FISH in, 1621 1622 
fixed sediment method in, 1590 
flotation techniques in, 1619 1620 1620 

fluid preparation for microscopy, 1575 1576 1577 1578 1579 1580 1581 1582 1583 

1584 1585 1576 1577 1579 1580 1582 1584 1585 1586 

fluid specimen processing, 1574 1575 1576 

gastric sample preparation, 1583 

glass slide preparation, 1576 1577 1578 

gynecologic specimen collection/ processing, 1574 

lab organization, 1627 1628 1629 1628 

lung tissue/sputum digestion, 1620 1621 

nongynecologic sample preparation, 1590 

Pasteur pipette method, 1618 1619 1619 

pleural/peritoneal effusion preparation, 1581 1582 1583 1582 

principles of operation, 1622 1623 1624 1625 1626 1627 1628 1629 1630 1623 1627 
1628 

quality control, 1628 
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safety, 1622 1623 1624 1625 1626 1623 
chemical/equipment storage, 1622 1623 1623 
cytopreparatory lab precautions, 1626 
HIV precautions, 1624 1625 1626 
infectious hazards, 1623 1624 1625 1626 
sterilization, 1625 

smear fixation, 1570 1571 1572 1570 1571 
smear screening/marking, 1626 1627 1627 
special-purpose fixatives, 1572 1573 
sputum preparation, 1578 1579 1580 1581 1579 1580 

staining techniques, 1592 1593 1594 1595 1596 1597 1598 1599 1600 1601 1602 
1603 1604 1605 1606 1607 1608 1609 1610 1611 1612 1613 1614 1615 1616 1617 
1593 1594 1595 1596 1597 1598 1600 1602 1603 1604 1606 1607 
urine sample preparation, 1583 1584 1585 1584 1585 1586 
LAC, 74 

Lacrimal gland tumors, 1514 1515 1516 
Lacrimal glands, anatomy, 1508 
Lactating adenoma, breast, 1098 1099 1101 
Lactic dehydrogenase (LDH), 1460 
Lactobacillus, v agina, 214 215 229 262 
Lamellar inclusions, effusions, 931 
Lamina lucida, 48 
Lamina propria, 866 
lower urinary tract, 740 
Lamins, 154 

Langerhans cell histiocytosis, 608 609 943 
children with, 1010 1011 1012 
CSF cytology, 1028 1029 
eye orbit, 1514 

sinusoidal expansion of lymph nodes, 1197 
of thyroid, 1172 

Langerhans cells, 121 122 186 605 608 
rare female genital tract disorders of, 529 
of squamous epithelium, 198 
Langhans cells, 128 141 141 260 
Laparoscopy, 515 

Large B-cell lymphoma, 1205 1206 1206 1207 1208 1209 
Large loop electrosurgical excision of transformation zone (LLETZ), 377 
Large loop electrosurgical excision procedure (LEEP) 
female genital tract therapy effects, 553 
Large-cell lymphomas 
effusions with, 994 995 996 996 997 
gastric, 883 884 885 884 

Large-cell neuroendocrine carcinomas, lung, 685 686 See also Lymph nodes 
Large-cell tumors, metastatic to liver, 1415 1416 
Laryngeal papillomatosis, 298 

Laryngectomy, squamous carcinoma following, lung, 653 
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Larynx, 569 570 

epithelial lesions of, 727 728 729 728 729 
benign, 727 728 
carcinoma, 728 729 729 
investigation methods, 726 727 
papillomatosis, 727 728 
rhinoscleroma, 727 
tumors, 727 728 729 729 
Laser cryosurgery 

female genital tract therapy effects from, 553 
Laser scanning cytometry (LSC), 1735 1736 1737 1738 1739 1740 1738 1739 1740 
Late-labeling DNA, 93 
Lavage. See also Peritoneal washings 
bronchoalveolar, 574 575 
LCA See Lymphocyte common antigen 
LDH. See Lactic dehydrogenase 
Lead poisoning, 762 
Lebert, Hermann, 5 9 
Lectins, 160 160 161 
Leder's esterase, 537 

LEEP. See Large loop electrosurgical excision procedure 
van Leeuwenhoek, Anthony, 3 
Legionella micdadei, 601 932 933 

P.I-27 

Legionnaires disease, 932 933 
Leiomyoblastomas. See Gastrointestinal stromal tumors 
Leiomyomas, 145 467 529 530 See also Gastrointestinal stromal tumors 
esophagus tumors with, 853 
eye lid with, 1511 

Leiomyosarcomas, 530 531 687 688 688 1006 1298 See also Gastrointestinal stromal 
tumors 

cyclophosphamide, induced, bladder, 769 
cytology of, 1317 
epithelioid, 530 

female genital tract therapy effects with, 559 
pathology/histology of, 1317 1318 
smooth muscle lesions as, 1317 1318 
urothelial tumors with, 815 
Leishmania donovani 
skin inflammation with, 1287 
spleen with, 1421 
Leptonema, 96 97 
Letterer-Siwe disease, 608 
children with, 1010 
Leu 7 1653 
Leukemia 

acute lymphoblastic, 1036 1037 
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acute myeloblastic, 1036 1037 

bone marrow transplantation for, 770 

chronic myelogenous (CML), 106 106 562 1037 1038 

CSF with, 1036 1037 1037 1038 

cytogenetic principles and, 107 108 108 109 146 

effusions with, 1000 1001 

female genital tract with, 548 549 

flow cytometry of, 1733 1734 1733 1734 1735 1736 1737 
gene rearrangement in, 154 
hand-mirror cells in, 1036 
lung with, 703 
lymphoblastic, 726 
prognosis/treatment for, 108 109 
respiratory tract with, 631 
spleen with, 1422 1423 1423 
testis with, 1282 1283 
urinary tract metastatic, 827 830 
Leukocytes, 129 517 518 581 582 582 716 928 
in cervicovaginal smears, 214 
polymorphonuclear, 44 754 
Leukophoresis specimens, 1554 
Leukoplakia, 122 
benign, oral cavity, 717 718 
bladder epithelium with, 764 
hairy oral, 718 

precancerous, oral cavity, 722 
of squamous epithelium (cervix) 
cytology of, 242 
histology of, 242 242 
Leydig cell tumors, 1282 1282 
Leydig cells, 491 
testis anatomy, 1276 

LGAIN. See Low-grade anal intraepithelial neoplasia 
LGSIL. See Low-grade squamous intraepithelial lesions 
LH. See Pituitary luteinizing hormone 
Lichen sclerosus, 479 
Liesegang rings 
breast, cyst fluid, 1095 
effusions, 930 931 
kidneys with, 1461 
neck masses with, 1182 
Ligase, 74 

Light microscopy, 21 22 
Linea lacta, 541 
Linin network, 45 
Linkage analysis, 150 
Linker, 74 
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Lipid bilayer, 25 

Lipid pneumonia, 599 600 600 
endogenous, 600 
exogenous, 599 600 

Lipid-containing vacuolated macrophages, 661 
Lipids, 43 

Lipid-secreting carcinomas 
breast, 1115 1116 1117 
Lipochrome pigmentation, 589 589 
Lipomas, 107 145 

adipose tissue, 1309 1310 1311 1312 1313 1314 1315 1316 
breast neoplasms, 1101 
neck masses, 1178 
Liposarcomas, 532 

adipose tissue, 1313 1314 1315 1316 1314 1315 1316 
breast neoplasms, 1101 
myxoid, 1313 1314 1315 1316 1315 1316 
pleomorphic, 1316 
round cell, 1313 1314 1315 1316 
well-differentiated, 1313 1314 
Liquid cytology, 379 1574 
Liquid media, 9 327 328 
Liquid processing smears 
collection for, 221 
Lithiasis. See also Urinary calculi 
urothelial tumors vs, 808 

Liver, 1389 1390 1391 1392 1393 1394 1395 1396 1397 1398 1399 1400 1401 1402 
1403 1404 1405 1406 1407 1408 1409 1410 1411 1412 1413 1414 1415 1416 See 
also Hepatitis 

benign tumors of, 1398 1399 1399 
adenomas, 1398 

focal nodular hyperplasia, 1398 1399 1399 
hemangiomas, 1398 1399 
cirrhosis of, 936 937 938 936 
clinical value of aspiration biopsies of, 1418 1419 
diffuse diseases of, 1392 1393 1394 1395 1394 1395 
biliary cirrhosis, 1394 
chronic hepatitis, 1394 
cirrhosis, 1393 1394 
FNA limitations with, 1392 1393 
granulomatous disorders, 1395 
metabolic disorders, 1394 1395 1395 
obstructive jaundice, 1395 
malignant lymphoma of, 1413 

metastatic tumors to, 1413 1414 1415 1416 1417 1418 1414 1415 1416 1417 1418 
1419 

breast cancer, 1416 1417 1418 
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colon cancer, 1416 1418 
large-cell tumors, 1415 1416 
lung cancer, 1418 
melanoma, 1418 1419 
neuroendocrine tumors, 1418 
origin of, 1413 1414 1415 1414 1415 1416 1417 
small-cell tumors, 1415 
normal, 1390 1391 1392 1391 
bile duct epithelium with, 1392 
cytology of, 1391 
histology of, 1390 1391 1391 
mesothelial cells in FNA, 1392 
normal/reactive hepatocytes with, 1391 1392 
pigments in, 1392 1393 
copper, 1392 
hemosiderin, 1392 1393 
lipofuscin, 1392 1393 
melanin, 1392 

primary malignant tumors of, 1399 1400 1401 1402 1403 1404 1405 1406 1407 1408 
1409 1410 1400 1402 1403 1404 1405 1406 1407 1408 1409 1410 1407 1409 1412 
1413 

hepatoblastoma as, 1408 1409 1413 

hepatocellular carcinoma as, 1399 1400 1401 1402 1403 1404 1400 1402 1403 1404 
1405 1406 1407 1407 

intrahepatic cholangiocarcinoma as, 1404 1405 1406 1407 1408 1409 1408 1409 
1410 1409 1412 

rare primary tumors of, 1411 1412 1413 1414 
angiosarcomas as, 1411 1412 1413 
primary carcinoids as, 1411 1414 
primary sarcomas as, 1411 1412 1413 
sampling techniques for, 1389 1390 1390 
complications with, 1390 
CT/US in, 1389 
indications for, 1390 

space-occupying benign cystic lesions, 1395 1396 1397 1398 1399 1396 1397 
congenital cysts, 1395 1396 
hepatic abscesses, 1397 
hydatid cysts, 1395 1396 1397 1397 
neoplastic cysts, 1 397 1 398 
tumor immunohistochemistry for, 1662 1663 1664 1663 
Liver cells, pleural fluid, 928 

LLETZ. See Large loop electrosurgical excision of transformation zone 

Lobular carcinoma in situ, breast, 1115 1116 1117 

Lobular carcinomas, breast, 1112 1113 1114 1115 1114 1115 1117 

LOH. See Loss of heterozygosity 

Lopes-Cardozo, Paul, 10 

Loss of heterozygosity (LOH), 110 154 155 
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Lower airway, 569 570 

P. 1-28 

Low-grade anal intraepithelial neoplasia (LGAIN), 485 

Low-grade squamous intraepithelial lesions (LGSIL), cervix, 298 299 300 299 300 307 308 
329 333 334 335 336 334 335 336 337 338 
clinical significance of, 335 336 338 
cytology of, 334 335 334 335 336 337 338 
false-negative smears, 364 
histology of, 333 334 334 
uterine cervix carcinoma detection with, 373 
Lowhagen, Torsten, 11 
LSC. See Laser scanning cytometry 
Lung, 570 See also Respiratory tract (lower) 
transplants, 575 
Lung cancer 

circulating tumor cells and, 1558 
metastatic, 1418 See also specific organs 
Lung carcinomas 

DNA histogram and prognosis with, 1729 1730 
Lung flukes, 622 623 623 
Lung transplantation, 634 

Lung tumors, 643 644 645 646 647 648 649 650 651 652 653 654 655 656 657 658 
659 660 661 662 663 664 665 666 667 668 669 670 671 672 673 674 675 676 677 

678 679 680 681 682 683 684 685 686 687 688 689 690 691 692 693 694 695 696 

697 698 699 700 701 702 703 704 705 706 See also Respiratory tract (lower) 

adenocarcinoma as, 647 659 660 661 662 663 664 665 666 667 668 669 660 661 
662 663 664 665 666 668 

bronchioloalveolar carcinoma, 662 663 664 665 666 667 665 666 
central bronchial origin, 660 661 662 660 661 662 663 664 
clinical presentation of, 659 660 660 661 662 663 664 665 666 
precursor lesions of, 667 668 669 668 
adenosquamous carcinoma, 647 669 670 669 
bronchogenic carcinoma cytologic diagnosis with, 647 648 648 
bronchial brushings in, 648 
bronchoalveolar lavage in, 648 
Papanicolaou method in, 648 

Saccomanno's technique in, 647 1579 1580 1581 1580 
smear preparation/staining methods in, 648 
specimen collection methods in, 647 648 

bronchogenic carcinoma precursor stages, 671 672 673 674 675 676 677 678 679 672 
673 674 675 676 677 678 679 
historical overview of, 671 672 673 674 675 672 673 
simple squamous metaplasia in, 675 
sputum cytology in, 674 675 

squamous carcinoma in situ cytology in, 676 677 678 678 679 
squamous metaplasia with atypia in, 675 676 675 
classification of, 646 647 647 
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clinical approach to, 678 679 

cytology of tumors metastatic to, 694 695 696 697 698 699 700 701 702 703 704 705 
706 695 696 697 698 699 700 701 702 703 704 705 
breast, 696 697 696 
bronchial secretions with, 705 
colon, 695 696 695 

diagnostic errors with, 703 704 705 704 705 
fiberoptic bronchoscopy with, 705 
Hodgkin's lymphoma with, 702 703 702 
kidney, 697 697 
leukemia with, 703 

malignant lymphomas, 701 702 703 702 703 

malignant melanoma, 698 698 

metastatic carcinomas, 699 700 699 700 

microvascular cytology, 703 

mycosis fungoides, 703 

needle aspirates, 705 706 

non-Hodgkin's lymphoma, 701 702 702 

pancreatic islet cell tumor, 699 699 

plasmacytoma, 703 

psammoma body tumors, 699 

pulmonary cytology, 703 704 705 706 704 705 

site of origin, 695 696 697 698 699 700 701 695 696 697 698 699 700 701 
sputum, 705 

urothelial carcinoma, 697 698 698 
diagnosis of, 645 646 
asymptomatic population in, 645 
bronchial brushings in, 645 
bronchoalveolar lavage in, 645 
cell block technique in, 646 
CT-guided core biopsies in, 646 
cytologic techniques in, 645 
fine-needle aspiration biopsy in, 646 
roentgenologic techniques in, 645 
sputum cytology in, 645 
symptomatic population in, 645 646 
transbronchial FNA biopsy in, 646 
histology of, 681 

mucoepidermoid carcinoma as, 647 669 670 669 
occult bronchogenic carcinoma detection, 679 680 681 682 683 681 
history of, 679 680 

National Cancer Institute studies of, 680 681 682 681 
spiral (helical) CT screening in, 682 683 
primary benign, 691 692 693 694 691 692 694 
bronchial papillomas as, 691 692 
clear cell (sugar) tumor as, 693 
granular cell tumor as, 692 693 692 
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hamartomas as, 693 694 
hyperkeratotic squamous atypia as, 691 691 
juvenile papillomatosis as, 691 
oncocytoma as, 693 
pulmonary meningioma as, 693 694 
squamous papillomas of bronchi as, 691 692 691 
second primary lung cancers, 671 
small-cell carcinoma as, 647 655 656 657 658 659 
clinical features of, 655 656 
intermediate type of, 658 659 658 
oat cell type of, 656 657 658 658 
spindle-cell carcinoma as, 647 670 671 670 

squamous carcinoma with, 647 648 649 650 651 652 653 654 655 649 650 651 652 
653 654 

bronchial brush specimens in, 652 653 
clinical data on, 648 649 

cytology of, 649 650 651 652 653 650 651 652 653 

cytology of keratinizing, 653 

cytology of nonkeratinizing, 651 652 652 

differential diagnosis of, 653 654 

following laryngectomy, 653 

histology of, 648 649 649 

large-cell undifferentiated, 654 655 654 

mitotic activity in, 651 

site of origin of, 653 

sputum/bronchial secretions in, 649 650 651 652 650 651 652 
transbronchial needle aspirates in, 652 653 
staging of, 647 681 

uncommon primary malignant, 683 684 685 686 687 688 689 690 691 684 685 686 
687 688 689 690 

adenoid cystic carcinoma as, 686 687 
atypical carcinoid tumors as, 684 685 686 
carcinoid tumors as, 683 684 684 685 
large-cell neuroendocrine carcinomas as, 685 686 
minute pulmonary chemodectomas as, 686 
mixed malignant tumors as, 687 

neuroendocrine tumors as, 683 684 685 686 684 685 686 
primary pulmonary lymphomas as, 689 690 691 690 
pulmonary/pleuropulmonary blastomas as, 687 
sarcomas as, 687 688 689 688 689 
thymoma, 703 703 

Lupus erythematosus. See Systemic lupus erythematosus 
Luteinized granulosa cells, 493 494 
Lyme disease 
CNS lesions with, 1527 
CSF cytology with, 1027 

Lymph nodes, 1186 1187 1188 1189 1190 1191 1192 1193 1194 1195 1196 1197 1198 
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1199 1200 1201 1202 1203 1204 1205 1206 1207 1208 1209 1210 1211 1212 1213 
1214 1215 1216 1217 1218 1219 1220 1221 1222 1223 1224 1225 
anatomy/histology of, 1186 1187 1187 
lymphocytes in, 1187 
medulla in, 1187 

mononuclear phagocytes in, 1187 

P. 1-29 

null cells in, 1187 
paracortex in, 1187 

aspiration biopsy technique for, 1187 1188 1189 1188 1189 
DNAploidyin, 1188 
FISH in, 1188 

further sample evaluation in, 1188 1189 1189 
genotyping in, 1188 
lymphoglandular bodies in, 1188 
lymphoproliferative disorders in, 1188 
preliminary assessment in, 1187 1188 1188 
granulomatous lymphadenitis, 1193 1194 1195 1196 1194 1195 1196 
cat-scratch disease with, 1196 

conditions associated with, 1194 1195 1196 1195 1196 

Cryptococcus with , 1 1 95 1196 

cytology of, 1 1 94 11 94 

fungal infections with, 1195 1195 

histoplasmosis with, 1195 

lymphogranuloma venereum with, 1196 

mycobacterial infections with, 1194 1195 1195 

sarcoidosis with, 1196 

sclerosing mediastinitis with, 1195 

toxoplasmosis with, 1195 

Hodgkin's lymphoma in, 1215 1216 1215 1216 1216 1217 
ancillary studies on, 1216 1216 
cytology of, 1215 1216 1215 1216 
differential diagnosis of, 1216 1216 1217 
immunophenotyping for, 1216 
lymphocytic depletion subtype of, 1216 
nodular lymphocyte-predominant subtype of, 1216 
Reed-Sternberg cells in, 1216 1216 

malignant lymphomas in, 1198 1199 1200 1201 1202 1203 1204 1205 1206 1207 1208 
1209 1210 1211 1212 1213 1214 1215 
anaplastic large-cell lymphoma as, 1213 1214 1215 1214 
Burkitt's lymphoma as, 1207 1208 1209 1209 1210 
classification of, 1198 1199 1200 1199 
cytologic diagnosis principles for, 1200 
follicular lymphoma, 1203 1204 1205 1204 1205 1206 
large B-cell lymphoma, 1205 1206 1207 1206 1207 1208 1209 
lymphoblastic lymphoma, 1212 1213 1213 
lymphoplasmacytic lymphoma, 1201 1206 
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MALT lymphoma, 883 1203 

mantle cell lymphoma, 1202 1203 1202 1203 1206 

marginal zone lymphoma, 1203 1203 1206 

mycosis fungoides, 1210 1211 1212 1212 

non-Hodgkin's T-cell lymphomas, 1211 1212 1212 

plasmacytoma/plasma cell myeloma, 1209 1210 1211 

REAL system in, 1198 

Sezary's syndrome, 1210 1211 1212 

smalllymphocytic lymphoma, 1200 1201 1200 1201 1206 

T-cell lymphomas as, 1210 1211 1212 1212 

Working Formulation of, 1198 

metastatic tumors in, 1217 1218 1219 1220 1221 1222 1223 1224 1225 1217 1218 

1219 1220 1221 1222 1223 1224 1225 1217 1219 1223 
adenocarcinoma, 1218 1219 1220 1218 1219 1220 1221 1219 
angiosarcomas, 1223 1223 1225 1225 
clear cell sarcomas, 1223 1223 1224 
epithelial sarcomas, 1223 1223 1224 1225 1224 
Ewing's sarcomas, 1223 1223 
germ cell carcinoma, 1221 1222 1222 
Kaposi's sarcomas, 1223 1223 1225 
malignant melanoma, 1222 1223 1222 1223 

nasopharyngeal carcinoma, 1217 1218 1219 1220 1221 1222 1223 1224 1225 1217 
1218 1219 1223 

rhabdomyosarcomas, 1223 1223 1224 
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1001 1002 1003 1004 1005 1006 1007 1008 1009 1010 1011 1012 1013 1014 

1015 1016 1017 1018 1019 1020 1021 1022 1023 1024 1025 1026 1027 1028 

1029 1030 1031 1032 1033 1034 1035 1036 1037 1038 1039 1040 1041 1042 

1043 1044 1045 1046 1047 1048 1049 1050 1051 1052 1053 1054 1055 1056 

1057 1058 1059 1060 1061 1062 1063 1064 1065 1066 1067 1068 1069 1070 

1071 1072 1073 1074 1075 1076 1077 1078 1079 1080 1081 1082 1083 1084 

1085 1086 1087 1088 1089 1090 1091 1092 1093 1094 1095 1096 1097 1098 

1099 1100 1101 1102 1103 1104 1105 1106 1107 1108 1109 1110 1111 1112 1113 
1114 1115 1116 1117 1118 1119 1120 1121 1122 1123 1124 1125 1126 1127 1128 
1129 1130 1131 1132 1133 1134 1135 1136 1137 1138 1139 1140 1141 1142 1143 

1144 1145 1146 1147 1148 1149 1150 1151 1152 1153 1154 1155 1156 1157 1158 

1159 1160 1161 1162 1163 1164 1165 1166 1167 1168 1169 1170 1171 1172 1173 

1174 1175 1176 1177 1178 1179 1180 1181 1182 1183 1184 1185 1186 1187 1188 

1189 1190 1191 1192 1193 1194 1195 1196 1197 1198 1199 1200 1201 1202 

1203 1204 1205 1206 1207 1208 1209 1210 1211 1212 1213 1214 1215 1216 

1217 1218 1219 1220 1221 1222 1223 1224 1225 1223 1224 1225 

small-cell carcinoma, 1220 1221 1222 
squamous carcinoma, 1217 1218 1217 
synovial sarcomas, 1223 1223 

nonneoplastic, 1189 1190 1191 1192 1193 1190 1191 1192 1193 1190 1191 
acute lymphadenitis as, 1189 1190 1190 
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chronic lymphadenitis as, 1190 1191 1192 1193 1190 1191 1192 1193 1191 
dermatopathic lymphadenopathy as, 1192 1193 

follicular/paracortical hyperplasia as, 1190 1191 1192 1190 1191 1192 1193 1191 
tingible body macrophages with, 1189 
posttransplantation lymphoproliferative disorders of, 1197 1198 
Epstein-Barr virus with, 1197 
immunoblastic lymphoma with, 1198 
multiple myeloma with, 1198 
plasmacytic hyperplasia with, 1198 
polymorphic B-cell hyperplasia with, 1198 
sinusoidal expansion of, 1196 1197 1197 
Hand Schuller Christian disease with, 1197 
Langerhans cell histiocytosis with, 1197 
lymphangiogram effect with, 1197 
Rosai-Dorfman disease with, 1197 
viral infections of, 1193 1194 
Epstein-Barr virus as, 1193 
heterophil antibody test, 1193 
HIV as, 1193 

infectious mononucleosis, 1193 
Lymphadenitis 
acute, 1189 1190 1190 

chronic, 1190 1191 1192 1193 1190 1191 1192 1193 1191 
Lymphangiogram effect, sinusoidal expansion of lymph nodes with, 1197 
Lymphangiography, retroperitoneum in, 1493 
Lymphangiomyomatosis, sarcomas, lung, 689 
Lymphoblastic leukemia, oral cavity, 726 
Lymphoblastic lymphoma, 1212 1213 1213 
Lymphocyte common antigen (LCA), 996 
Lymphocytes, 125 125 581 928 929 1187 
CSF disease, 1025 1026 
female genital tract therapy effects on, 554 
Lymphocytic bronchitis, 626 
Lymphocytic thyroiditis, 1155 1156 1157 
Lymphoepithelial carcinoma, 1255 1255 
Lymphoepithelial cysts, pancreas, 1435 1436 
Lymphoepithelioma, 415 
Lymphoepithelioma-like carcinoma 
skin neoplasms of, 1297 
urothelial tumors with, 814 
Lymphoglandular bodies, 701 
lymph nodes aspiration biopsy with, 1188 
Lymphogranuloma venereum, 1196 
Lymphoid lesions, salivary glands, 1255 1256 
Lymphoid tissue, 569 
Lymphokines, 125 See also Cytokines 

Lymphomas, 110 146 548 549 See also Lymph nodes; other organs 
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aspirated sample interpretation for, 1077 
bone marrow transplantation for, 770 
breast, 1121 1122 1122 
CNS with, 1540 1540 1541 
CSF tumors of, 1034 
effusions with, 959 
eye orbit with, 1515 

flow cytometry of, 1733 1734 1733 1734 1735 1736 1737 

P. 1-30 

gastric, 883 884 885 884 
gene rearrangement in, 154 
immunohistochemistry of, 1644 
liver, 1413 

malignant colonic, 893 
retroperitoneum with, 1496 1497 
salivary glands, 1243 1256 
skin neoplasms of, 1297 
spleen with, 1423 
thyroid, 1171 1172 1173 
urinary tract, 815 827 830 
Lymphoplasmacytic lymphoma, 1201 1206 
Lysosomal storage diseases, spleen with, 1421 1422 1422 
Lysosomes, 38 54 
Lytic bodies. See Lysosomes 
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MAC. See Malignancy associated change 

Macrophages, 27 125 127 128 128 517 518 926 927 928 927 
alveolar lung, 601 600 601 998 
atypical, 260 

cancer cells and, 129 129 
in cervicovaginal smears, 214 215 
endometrial carcinoma diagnosis with, 440 442 
female genital tract therapy effects on, 554 
hemosiderin-containing, 496 518 
lipid-containing vacuolated, 661 
mono/multinucleated, 716 
mononucleated, 128 129 
multinucleated, 128 129 
nuclei of, 581 
urine with, 754 755 
Magnetic resonance imaging (MRI), 24 
breast in, 1082 1083 
CNS diagnosis with, 1523 
FNAwith, 1057 
retroperitoneum in, 1493 
Magnetic resonance microscopy, 24 
MAI. See Mycobacterium avium intraceiiuiare 
Major coil, chromosomes, 81 82 
Major karyotypic abnormalities (MAKA), 108 
MAKA See Major karyotypic abnormalities 
Malacoplakia/Malakoplakia 
bladder with, 137 764 765 765 
clinical data/histology for, 764 765 765 
cytology of, 765 

Michaelis-Gutmann bodies in, 765 765 
endometrium with, 427 
female genital tract with, 529 
kidneys with, 1462 
lysosome and, 39 
respiratory tract with, 624 625 
retroperitoneum with, 1495 
stomach, 872 
vagina with, 466 477 
Male urethra tumors, 824 825 
Malignancy associated change (MAC), 175 717 1691 
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Malignant fibrous histiocytoma (MFH), 532 688 689 689 1007 1309 1311 1312 
Malignant histiocytosis, spleen with, 1423 

Malignant lymphomas, 345 536 537 536 537 701 702 703 702 703 
children with, 1010 
colonic, 893 

CSF with, 1037 1038 1039 1040 1041 1038 1039 1040 1041 

effusions with, 993 994 995 996 997 995 996 997 998 999 1000 

lymph nodes, 1186 1225 

mediastinum, 1376 1380 1381 1381 

renal, 839 

testis. 1282 1282 

urothelial, 815 

Malignant melanoma, female genital tract, 541 542 543 542 543 See also Melanomas; other 
organs 

cytology of, 542 542 543 
esophagus, 865 

metastasizing to lymph nodes, 1222 1223 1222 1223 
Malignant mesodermal mixed tumors (Mullerian mixed tumors), uterus, 532 533 534 535 536 
533 534 535 536 
cytology of, 534 535 536 535 
histology of, 534 535 534 535 
Malignant mesothelioma, ovary, 583 

Malignant peripheral nerve sheath tumor (MPNST), peripheral nerves lesions of, 1324 1325 
1326 1327 1328 

Malnutrition, oral squamous cell changes with, 717 
MALT. See Mucosa-associated lymphome 
Mammalian cell. See also Cell(s) 
basic structure of, 22 

Mammary carcinomas, metastatic to female genital tract, 546 547 548 547 548 
breast, 1104 1105 1106 1107 1108 1109 1110 1111 1112 1113 1114 1115 1116 1117 
1118 1119 1120 
CSF with, 1042 1042 
male, 980 981 

metastatic in effusions, 975 976 977 978 979 980 977 978 979 980 981 
osteoclast-like giant cells with, 1117 1117 
Mammography, 1082 1083 
Mansone/la ozzardi, 934 

Mantle celllymphoma, lymph nodes, 1202 1203 1202 1203 1206 
gastric, 883 884 

Marginal zone lymphoma, 1203 1203 1206 

MARTI, 1655 

Martin, Hayes, 9 

Mast cells, 582 

Mastitis 

breast, 1089 1089 
fungi caused, 1090 1091 

Maturation Index (Ml), of squamous epithelium, 230 



3196/3276 



M 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 

Maturation value (MV), of squamous epithelium, 230 231 
Mayer's albumin, 1576 1577 
Mayer's mucicarmine, 1613 
May-Gruenwald-Giemsa (MGG), 1616 
medullary carcinoma of thyroid with, 1168 
staining of aspirated material with, 1066 1067 
Measles (Rubella) 

CNS lesions with, 1526 1527 
in genital tract, female, 272 
lower respiratory tract with, 609 612 
Measles pneumonia, 612 
Meconium aspiration, 636 
Mediastinal teratoma, 1008 

Mediastinum, 1375 1376 1377 1378 1379 1380 1381 1382 1383 1384 1385 1386 1387 
anatomy/clinical considerations of, 1375 1376 1376 1376 1377 
normal thymus histology with, 1375 1376 1377 
primary tumors of, 1376 1377 1378 1379 1380 1381 1382 1383 1384 1385 1377 1378 
1379 1380 1381 1382 1383 1385 1386 
choriocarcinoma, 1383 1384 
embryonal carcinoma, 1383 
ganglioneuroma, 1376 1381 1381 
germ cell tumor, 1376 1381 1382 1383 1384 1382 1384 
granular cell tumor, 1381 
Hodgkin's lymphoma, 1380 1381 
malignant lymphomas, 1376 1380 1381 1381 
neuroblastoma, 1376 1381 1381 
neurofibromas, 1376 1384 
non-Hodgkin's lymphoma, 1380 1381 
schwannomas, 1376 1384 1385 
seminomas (Germinomas), 1383 1384 
solitary fibrous tumor, 1384 1385 1386 
teratomas, 1382 1383 1382 1384 
thymic carcinoid, 1379 1380 
thymic carcinoma, 1376 1379 1380 
thymic hyperplasia, 1376 1376 

thymomas, 1376 1377 1378 1379 1376 1377 1378 1379 1380 
yolk sac tumors, 1383 
Medullary carcinomas 
breast, 1109 1110 
kidney, 838 1465 1476 

thyroid, 1158 1167 1168 1169 1169 1170 1171 1172 
amyloidosis with, 1169 
bombesin with, 1167 
calcitonin with, 1167 1169 
cytology with, 1168 1169 1169 1170 1171 1172 
differential diagnosis of, 1158 
histology with, 1167 1168 
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melanotic variant of, 1169 

P. 1-31 

MGG stains for, 1168 
multiple endocrine neoplasia with, 1167 
neuroendocrine granules with, 1167 
prophylactic thyroidectomy for, 1 1 67 
somatostatin with, 1167 
Medulloblastomas 
brain, 1534 1535 1536 
CSF, 1032 1033 1034 
retinoblastomas vs, 1516 
Megakaryoblasts, circulating, 1547 
Megakaryocytes, 44 
circulating, 1547 1548 
CSF with, 1025 
effusions with, 928 
respiratory tract, 582 583 
Megaloblastic anemia, 528 716 
Meibomian glands 
adenocarcinoma of, 1512 1513 
eye anatomy, 1 508 
Meiosis, 79 96 97 98 97 
crossover in, 97 98 98 
dysregulation of, 80 
first division, 96 97 97 
second division, 97 98 
Melanin, effusions with, 929 930 
Melanomas, 146 See also specific organs 
cerebrospinal fluid (CSF), 1043 1044 1044 
circulating tumor cells and, 1555 
eye with, 1512 1516 1517 1518 1517 
immunochemistry of, 1644 
markers for, 1 654 1 655 1 655 
HMB45 as, 1654 1655 
MARTI as, 1655 
SI 00 protein as, 1654 
vimentin as, 1654 
metastatic to liver, 1418 1419 
primary gastric, 887 
primary oral cavity, 726 
skin, 1295 1296 1296 
Melanosis, vagina, 466 
esophagus, 866 
vagina, 466 

Membrane receptors, 54 54 
Membranous system, 33 
Memory cells, 126 
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MEN. See Multiple endocrine neoplasia 
Menetrier's disease, 872 876 
Meningiomas 

CNS, 1529 1539 1540 1539 
CSF with, 1034 1035 
effusions with, 1008 
eye orbit with, 1514 1515 
lung, 693 694 
neck, 1182 

Meningoencephalitis, CSF cytology with, 1026 1027 
Menopause, 205 206 207 208 209 
atrophic, 207 208 209 208 
crowded, 207 207 
cytologic patterns in, 206 206 
definition of, 205 
delayed onset of, 430 
early, 206 207 
estrogen and, 206 
onset of, 205 205 
vaginal smear patterns in, 206 206 
Menstrual bleeding, 191 192 
proliferative endometrial disorders with, 423 
Menstrual cycle 

endocervical epithelium and, 200 
endometrium during, 191 192 193 192 
ovulation in, 192 193 
proliferative phase of, 192 192 
secretory phase of, 192 193 194 
Menstrual disorders 
cytologic evaluation of, 232 233 234 
Menstrual smears, 199 442 
endometrium in, 201 202 
Merkel cell carcinoma 
effusions with, 1008 
skin neoplasms of, 1296 1297 1297 
vulva with, 540 

Mesenchymal hamartoma, benign, 1410 
Mesoblastic nephroma, 1480 

Mesodermal mixed tumors (Heterologous carcinosarcomas) 
peritoneal washings with, 526 
urothelial, 814 815 

Mesonephric carcinomas, vagina, 412 413 414 475 
Mesonephric hyperplasia, 396 
Mesothelia, 124 124 

Mesothelial cells, 515 516 517 515 516 580 922 923 924 925 926 923 924 925 
cytology of, 923 924 925 923 924 
histology of, 922 923 
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liver aspirates in, 1392 

mitoses in benign effusions of, 925 926 

stains in identification of, 926 

Mesotheliomas, 146 959 960 961 962 963 964 965 966 967 968 969 970 971 972 
973 974 975 960 962 963 964 965 966 967 968 969 970 972 973 974 975 976 
anatomic distribution of, 960 

ancillary diagnostic procedures for, 968 969 970 971 970 
cytogenetics as, 970 971 
immunocytochemistry as, 968 969 970 970 
asbestosis, 959 960 

carcinomatous epithelial, 960 961 962 963 964 965 966 967 968 969 970 971 960 

962 963 964 965 966 967 968 969 970 

classification of, 959 960 

cytology of, 963 964 964 965 966 

deciduoid features in, 962 963 

effusions with, 959 960 

fibrosarcomatous, 971 972 

first manifestations of, 961 

histology of, 961 962 962 963 

mixed type of, 971 972 

multicystic, 960 

multicystic peritoneal, 963 971 

other mesothelial surface tumors as, 972 973 974 975 973 974 975 976 
ovary, 583 
papillary, 963 971 
pleura vs peritoneum with, 964 965 
rare sites of, 965 966 967 967 968 969 970 
ovary, 965 966 967 968 
pericardium, 965 966 967 967 
tunica vaginalis testis, 967 969 970 
sarcomatous, 961 

tumor immunochemistry for, 1660 1661 1662 1660 1661 
unusual cytologic presentations in, 967 968 
Messenger RNA(mRNA), 59 59 75 
probes 

in situ hybridization with, 70 
translation, 60 61 61 

Metanephric (Embryonal) adenomas, 1463 1464 1463 1463 
Metaphase, 81 84 86 88 

Metaplasia. See also specific organs; epithelial types 
alveolar epithelium, 596 596 
cell injury and, 138 139 140 
Metaplastic carcinomas 
breast, 1118 

Metastatic squamous cell carcinoma 
branchial cleft cysts vs, 1179 
Metastatic tumors. See also specific organs 
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Methenamine silver staining technique, 620 
Methionine, 60 
Methotrexate, 631 
Methylation, 153 

Methylene blue stain, 1066 1616 
Metrorrhagia, 233 

MFH. See Malignant fibrous histiocytoma 
M-FISH. See Multicolor FISH 
MGG. See May-Gruenwald-Giemsa 
Ml. See Maturation Index 
Michaelis-Guttmann bodies, 137 529 624 
malakoplakia of bladder with, 765 765 
Microarray techniques, 66 1672 1673 1673 
for DNA/RNA, 69 73 114 115 116 116 
Microcystic endocervical adenocarcinoma, 396 
Microdeletion syndromes, 103 104 105 103 104 
Microfilaments, 40 41 
Microfilariae, lung, 623 
thyroiditis with, 1154 
Microglandular hyperplasia 
of endocervical glands, 248 249 249 
female genital tract therapy effects of, 565 
well-differentiated adenocarcinoma as, 396 
Microhematuria, 751 752 
Microinvasive adenocarcinoma, endocervix, 401 
cytology of, 401 
histology of, 401 

Microinvasive carcinoma, cervix, 352 353 354 354 
clinical data on, 352 353 354 354 
cytology with, 354 
definition of, 352 353 354 354 
vagina with, 469 

P.I-32 

Microinvasive squamous carcinoma 
vulva with, 480 481 
Microphages, 128 
Microsatellite instability, 154 436 

The Microscope in its Applications to Practical Medicine (Beale), 4 5 
Microscopes, early, 3 4 4 
Microscopic techniques 
bright-field light microscopy and, 22 
confocal microscopy and, 23 
digital microscopy and, 24 
electron microscopy and, 24 24 
fluorescent microscopy and, 23 
light microscopy and, 21 22 
phase-contrast microscopy and, 22 23 23 
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Microsporidia, 624 

Microsporidia, duodenal aspirate with, 900 
Microsporidiosis, eye, 1511 1511 
Microtubules, 40 42 43 
Microvilli, 29 
Midbody, 87 89 

MIKA See Minor karyotypic abnormalities 
Mikulicz cells, 727 

Mi-Mark and Isaacs instruments, 447 448 

Minimal deviation carcinomas (Adenoma malignum), endocervix, 411 412 413 
Minor coils (DNA), 81 

Minor karyotypic abnormalities (MIKA), 108 
Minute pulmonary chemodectomas (Tumorlets), 571 686 
Missense mutation, 74 
Mitochondrial calcification, 627 
Mitochondrial division cycle, 37 
Mitochondrial DNA 37 38 
Mitochondrial matrix, 37 
Mitochondrial membrane, 134 
Mitosis, 23 55 80 80 
abnormal, 90 

diagrammatic presentation of, 86 
purpose of, 79 

stages of, 81 82 83 84 85 86 87 88 89 90 91 85 86 
trigger mechanism for, 81 
Mitotic abnormalities 
in cancer cells, 170 171 172 171 
causes/types of, 170 171 172 171 
Mitotic counts, 169 
Mitotic cycle, 80 81 80 
average time of, 81 

Mitotic figures, female genital tract therapy effects of, 555 
Mitotic index, 408 

Mitotic rate, of cancer cells, 169 170 
Mitotic spindle, 39 
Mobiluncus species, 264 
MOC-3 1,1643 1646 1661 
Molecular biology. See also Immunochemistry 
definition of, 53 
techniques of, 72 73 
Molecular export, 27 
Molecular genetics, 561 
Molecular import, 27 
Mollaret's meningitis 
CSF cytology with, 1027 1028 1029 
Molluscum contagiosum, 478 479 478 
eye lid with, 1511 
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skin inflammation with, 1288 
vuvla, 478 479 478 
Monilia, 268 268 616 617 
Moniliasis (thrush), 478 627 716 868 
Monoclonal antibodies, urothelial tumors monitored with, 835 
Monoclonal/polyclonal antibodies, 40 71 72 119 
Monocytes, 581 

CSF disease produced change in, 1025 1026 
Monolayer preparations, 9 
collection for, 221 

Monomorphic adenoma, 1236 1240 

Mononucleosis, lymph nodes infection with, 1193 

Monospot test. See Heterophil antibody test 

Morphometry, urothelial tumors monitored with, 834 835 

Motile cell processes, 28 

Mouth, 569 570 See also Oral cavity 

MPNST. See Malignant peripheral nerve sheath tumor 

MRI. See Magnetic resonance imaging 

mRNA See Messenger RNA 

Mucin, 43 

Mucinous carcinomas, 435 435 
ovarian, 503 

peritoneal washings with, 521 

Mucinous cystic tumors, pancreas, 1437 1438 1438 1438 
Mucocele-like lesion 
breast, 1110 

Mucociliary escalator, bronchus, 571 
Mucoepidermoid carcinomas 
breast, 1118 
cervix, 413 414 415 
cytology of, 669 670 
eye orbit with, 1515 
histology of, 669 669 
lung, 647 669 670 669 

salivary glands, 1243 1244 1245 1246 1243 1244 1245 1246 
Mucor, 616 617 
Mucormycosis, 617 619 

Mucosa-associated lymphome (MALT), 883 884 893 1203 

Mucoviscidosis, 1052 

Mucus carpet, bronchus, 571 

Mucus-secreting goblet cells, bronchus, 570 

Muller, Johannes, 5 

Mullerian ducts, 183 

Mullerian mixed tumors. See Malignant mesodermal mixed tumors 
Multicolor FISH (M-FISH), 111 112 
Multicystic peritoneal mesothelioma, 971 
Multifocal osteosarcoma, 1344 
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Multilobate lymphoma, CSF with, 1039 1040 
Multinodular goiter. See Colloid goiter 
Multinucleated giant cells, 141 
Multiple endocrine neoplasia (MEN), 1446 1488 
Multiple myeloma, 703 1341 
metastatic to bladder, 827 

posttransplantation lymphoproliferative disorders with, 1198 
urothelial tumors mimicking, 815 
Multiple sclerosis, CSF, 1029 1030 
Muscularis propria, urothelium, 866 
lower urinary tract anatomy, 740 
Mustard gas, 561 1512 
Mutation, 75 

MV See Maturation value 
Myasthenia gravis, thymomas with, 1376 
Myc oncogene, 75 107 
Mycetomas, lung, 616 

Mycobacterium avium intrace/lu/are (MAI), 264 265 606 1194 
Mycobacterium tuberculosis, 606 1194 1341 
Mycoplasma, 264 602 
Mycosis fungoides 
CSF with, 1040 
lung with, 703 

lymph nodes with, 1210 1211 1212 1212 
Myelograms, CSF cytology with, 1026 

Myeloid malignancies, recurring chromosome abnormalities in, 108 108 

Myeloid metaplasia, spleen with, 1422 1422 

Myelolipoma, retroperitoneum with, 1495 

Myeloma, in urothelium, 815 

Myleran. See Busulfan 

Myoepithelial carcinoma, salivary glands, 1252 
Myoepithelial cells, 123 1097 1098 
Myoepithelioma, 1243 

Myofibroblastoma, breast neoplasms of, 1100 
Myometrium, 184 185 
Myosarcoma, 146 
Myositis ossificans, 1371 
soft tissue lesions of, 1336 

Myxoid liposarcomas, adipose tissue, 1313 1314 1315 1316 1315 1316 
Myxoliposarcomas, 1298 
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Nasal cavity, 569 570 577 

Nasopharyngeal carcinoma, metastasizing to lymph nodes, 1217 1218 1219 1220 1221 

1222 1223 1224 1225 1217 1218 1219 1223 

Nasopharyngeal 

tumors, 539 731 732 733 733 734 734 
cytology of, 732 733 734 
histology of, 732 
results, 732 733 734 
Nasopharynx, 577 

epithelial lesions of, 731 732 733 734 735 731 732 733 734 734 
benign tumors/inflammatory disorders, 731 732 

P.I-33 

malignant tumors, 731 732 733 733 734 734 
normal smears, 731 731 
other tumors, 733 
sampling methods for, 731 
Natural killer cells (NK cells), 127 
N/C ratio. See Nucleocytoplasmic ratio 
N-cadherin, 1661 
Nearocarcinoma, 287 

Neck masses (not lymph nodes), 1178 1179 1180 1181 1182 1179 1180 1181 
branchial cleft cysts as, 1179 1180 1181 1180 
cytology of, 1179 1180 1181 1180 
metastatic squamous cell carcinoma vs, 1179 
carotid body tumors as, 1180 1181 1182 1181 
cytology of, 1181 1182 1181 
metastatic carcinoma vs, 1181 
red cytoplasmic granules in, 1181 
lipoma as, 1178 
other rare findings with, 1182 
ectopic thymic tissue as, 1182 
epidermoid inclusion cysts as, 1182 
extracranial meningiomas as, 1182 
fibromatosis as, 1182 
Liesegang rings, 1182 

thyroglossal duct cysts as, 1178 1179 1179 
Necrosis, 133 134 135 596 
biologic sequence of events, 135 
morphology of, 1 34 135 134 
Necrotizing sialometaplasia, 1234 1235 
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Needle aspiration biopsy, lung, 575 576 See also Aspiration biopsy; fine needle aspiration 
biopsy 
Nematodes 
cervix, 277 

respiratory tract, 586 588 
Neonatal lung disease, 634 635 636 636 

Neoplasia, 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 

159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 

Neoplastic cells, cervicovaginal smears with, 319 320 321 322 323 324 325 326 319 320 

321 322 323 324 325 

Neoplastic cysts, liver with, 1397 1398 

Neoplastic lesions, thyroid, 1157 1158 

Nephroblastoma (Wilms' tumor), kidney, 838 839 839 

Nephrogenic adenofibroma, 1463 1464 

Nephrogenic adenoma, bladder, 743 807 

Nephrogenic adenoma (Adenosis of bladder), urothelial tumors with, 809 
Nephroma, mesoblastic, kidney, 1480 
Nephrons, lower urinary tract anatomy with, 739 
Nested variant urothelial carcinoma in situ, 814 815 

Neurilemomas, 1540 1540 See also Gastrointestinal stromal tumors; Schwannomas 
breast, 1101 

peripheral nerve lesions of, 1324 
Nephroblastoma 
adrenal, 1491 1492 1493 1491 
brain, 1534 
children with, 1009 
circulating tumor cells and, 1557 
DNA histogram and prognosis with, 1732 
immunochemistry of, 1656 1657 
kidney, 1477 1480 1478 1479 
mediastinum, 1376 1381 1381 
metastatic to bone, 1371 
retinoblastomas vs, 1516 
retroperitoneum with, 1497 1499 
Neuroendocrine carcinomas, effusions with, 959 
Neuroendocrine granules, medullary carcinoma with, 1167 
Neuroendocrine small cell carcinoma, thyroid, 441 
Neuroendocrine tumors. See also specific organs 
atypical carcinoid tumors as, 684 685 686 
carcinoid tumors as, 683 684 684 685 
cytology of, 539 

female genital tract, 537 538 539 
histology of, 537 538 539 
lung, 683 684 685 686 684 685 686 
metastatic to liver, 1418 
minute pulmonary chemodectomas, lung, 686 
Neurofibromas 



3206 / 3276 



N 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 

diagnostic criteria for, 1327 
mediastinum tumors of, 1376 1384 
peripheral nerves lesions of, 1324 1327 
Neurofibromatosis, eye orbit with, 1514 
Neurofilaments, 1652 1653 
Neurons (Ganglion cells), 518 518 1524 1525 
Neuron-specific enolase (NSE), 1653 
Nick translation, 68 75 
Nieburgs, H, 8 

Nipple papillomatosis, breast, 1099 

Nipple secretions, 1132 1133 1134 1135 1136 1137 1138 1139 1134 1135 1136 1137 
1138 

breast cancer in, 1135 1136 1137 1138 1136 1137 1138 
atypical hyperplasia of ducts as, 1137 1137 
Paget's disease as, 1137 1138 1138 

cytologic examination techniques for, 1134 1135 1134 1135 1136 1137 1138 
cytology of (without cancer) 
duct dilation/stasis in, 1134 1134 
intraductal papilloma in, 1135 1135 
rare benign findings in, 1135 
occult breast cancer detection in, 1138 1139 
Nitrosoureas, 631 
NK cells. See Natural killer cells 
Nocardia, esophageal infections of, 851 
Nocardiosis, lung, 607 608 608 608 
Nodular fascitis, soft tissue lesions of, 1333 1334 1335 1335 
Nomarski technique, 22 23 

Noncellular endogenous material, respiratory tract, 582 583 584 584 585 
Non-coding DNA 63 

Noncystic benign renal disorders, 1461 1462 1462 
Non-Hodgkin's lymphoma, mediastinum tumors of, 1380 1381 
Non-Hodgkin's lymphomas, 548 701 702 702 See also Lymph Nodes 
CSF with, 1037 1038 1039 1038 1039 1040 
cyclophosphamide with, 769 
eye orbit with, 1515 
pancreas with, 1452 

Non-Hodgkin's T-celllymphomas, 1211 1212 1212 

Non-keratinizing squamous epithelium, female genital tract, 122 185 186 187 188 186 187 
Nonpapillary urothelial tumors, bladder, 784 785 786 785 786 See also Urinary tract (lower) 
carcinoma in situ, 800 801 802 803 803 804 805 
grading of, 787 

histologic patterns to, 785 785 
invasive urothelial carcinoma, 784 785 785 
staging of, 786 787 
Nonsense mutation, 75 
Nonsex chromosomes, 98 
Nonspecific interstitial pneumonia (NSIP), 603 
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NOR. See Nuclear organizer regions; Nucleolar organizer sites 
Northern blotting, 70 71 75 114 
Notochordal cells, 1025 
NSE. See Neuron-specific enolase 
Nuclear changes, in cancer cells, 167 167 
Nuclear chromatin, 44 
Nuclear creases, 136 

Nuclear cytoplasmic inclusions, 136 136 See also specific tumor types 
Nuclear envelope. See Nuclear membrane 
Nuclear matrix proteins, urothelial tumors monitored with, 835 
Nuclear membrane, 43 
Nuclear organizer regions (NOR), 1671 
Nuclear pore complex, 43 
Nuclear pores, 43 44 45 
Nuclear proliferation antigens, 317 
Nuclear pyknosis, 327 
Nucleocytoplasmic (N/C) ratio, 321 
Nucleoid, 39 40 

Nucleolar abnormalities, in cancer cells, 167 168 168 
Nucleolar organizer sites (NOR), 168 

P.I-34 

Nucleolini, in cancer cells, 168 169 169 
Nucleolus, 46 
in electron microscopy, 46 
Nucleotide bases, 60 
Nucleotide sequences, 63 
Nucleus, 21 43 44 44 

of cancer cells, 162 163 164 165 166 167 168 169 168 
in cycling cells, 46 47 
resting/interphase, 44 45 46 
Null cells, lymph nodes with, 1187 
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Oat cell carcinoma. See Small-cell carcinoma 
Occult pemphigus blisters, female genital tract, 529 
Occult tubal carcinoma, 525 526 
Olfactory mucosa, 569 570 

Olfactory neuroblastoma, 1008 See also Esthesioneuroblastoma 
nasopharynx, 733 
Oligodendroglia, 1524 
Oligodendrogliomas 
brain, 1529 1532 
CSF in, 1031 

On the Nature and Structural Characteristics of Cancer and Those Morbid Growth That 
can be Confounded With It (Muller), 5 
Onchocerca volvulus, Til 
Onchocercaiasis eye, 1511 
Oncocytic carcinoma, pancreas, 1445 
Oncocytomas, 38 1236 1240 1241 
kidney, 1463 1465 1470 1474 1475 1475 
lungs, 693 

salivary glands, 1236 1240 1241 
Oncocytosis, salivary glands, 1240 
Oncogene HER2/neu, 152 
Oncogenes, 75 134 144 150 151 152 
overexpression of, 152 
point mutation of, 152 
Oncogenic RNA viruses, 151 

Open-reading frames (ORF), human papillome virus, 67 288 
carcinogenesis with, 290 
Operators, 62 75 
Operon, 62 63 75 
Optic nerve gliomas, 1514 
Oral cancer, HPV with, 298 
Oral cavity 

epithelial lesions of, 713 714 715 716 717 718 719 720 721 722 723 724 725 726 
727 

actinomycosis with, 716 

acute/chronic inflammatory processes with, 716 717 
benign disorders with, 717 718 719 718 
benign leukoplakia with, 717 718 
blastomycosis with, 716 
cytologic examination indications, 714 
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Darier-White's disease, 718 719 718 

Epstein-Barr virus, 718 

hairy oral leukoplakia, 718 

hereditary benign intraepithelial dyskeratosis, 719 

herpes, 716 

inflammatory disorders, 716 717 
invasive squamous carcinoma, 720 721 721 
leukoplakia 
benign, 717 718 
precancerous, 722 
moniliasis (thrush) with, 716 
occult carcinoma screening, 724 725 725 
oral herpes with, 716 
other tumors with, 725 726 726 727 
recurrent oral cancer, 725 726 
sampling techniques for, 714 

squamous cancer precursor lesions, 721 722 723 722 723 724 
therapy caused changes with, 719 720 
vesicle/bullae forming conditions with, 719 
white sponge nevus of Cannon, 719 
histologic recall of, 713 714 
normal cytology of, 714 715 716 714 715 
buccal squamous cells, 715 716 
other cells, 714 
other flora with, 715 715 
Oral contraceptives 

female genital tract therapy effects with, 565 566 
liver abnormalities with, 566 
Oral leukoplakia, 577 

Oral squamous carcinoma, flow cytometry of, 1726 
Orbit. See Eye 

Orbital plasmacytoma, lacrimal gland, 1515 
ORF. See Open-reading frames 
Organ transplantation 
bone marrow, 770 771 771 
immunosuppression in, 563 564 564 
lower respiratory tract in, 633 634 
renal, 771 772 773 772 
aspiration biopsy with, 772 773 
cyclosporine effect with, 773 
rejection monitoring with, 772 
urinary sediment in, 770 771 772 773 771 772 
Organelles, 32 33 34 35 36 37 38 39 40 
Organizing pneumonia, 592 
Orphan Annie nuclei, 167 167 956 
Osmiophilic lamellar inclusion, respiratory tract, 572 
Osteitis fibrosa cystica, parathyroid glands in, 1176 
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Osteoblastoma, 1342 1343 1344 
Osteogenic sarcomas, 1006 1007 1007 
Osteoid osteoma, 1342 
Osteomyelitis, 1341 
Osteosarcoma, 532 700 
cartilaginous differentiation in, 1348 
clinical syndromes of, 1344 
cytology of, 1 348 
familial, 1344 
multifocal, 1344 
oral cavity, 726 
Paget's disease with, 1345 

pathology/histology of, 1343 1344 1345 1346 1347 1348 1343 1345 1346 1347 

radiation-induced, 1345 

retinoblastoma-associated, 1344 

Rothmund-Thomson syndrome, 1344 

types of, 1 343 

vascular hemangiopericytoma-like pattern, 1348 
Ova, in cervicovaginal smears, 216 217 
Ovaries, anatomy, 184 185 
histologic recall, 491 492 492 
normal cytology, 493 494 493 
stroma, 491 

Ovary turrars, 234 235 491 492 493 494 495 496 497 498 499 500 501 502 503 504 
505 506 507 508 See also specific tumor types 
benign ovarian cysts, 494 495 496 497 495 496 497 
corpus luteum cysts, 495 496 
cortical inclusion cysts, 495 
cytology of, 495 
endometriotic cysts, 495 
endosalpingiosis, 496 497 497 
fluid biochemical studies of, 496 
mucinous cysts, 495 495 
small cortical cysts, 495 

carcinomas, 497 498 499 500 501 502 503 504 498 499 500 501 502 503 505 
borderline mucinous, 500 502 
borderline serous, 498 499 501 
classification of, 494 498 
DNA analysis (for prognosis), 507 1728 
endometrioid, 500 
epidemiology of, 497 498 
histology of, 498 499 500 499 500 501 502 
mucin producing, 499 500 
peritoneal mimickers of ovarian carcinomas, 499 
psammocarcinoma, 499 
risk factors for, 497 498 
serous, 498 499 500 
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cytology of, 501 502 503 504 
cervicovaginal samples for, 501 502 503 
endometrial aspirations for, 503 
endosalpingiosis in, 502 
psammoma bodies in, 502 
diagnosis methods of, 507 508 
cul-de-sac aspiration for, 507 
direct needle aspirates, 503 504 
proteomics in, 508 

routine cervicovaginal smears for, 507 
special techniques for, 507 508 
transvaginal sonographic screening for, 507 508 
germ cell tumors, 504 505 506 507 505 506 507 
benign teratomas, 504 505 506 505 
Brenner tumor, 506 506 
dermoid cysts with, 504 
DNA analysis of 507 
embryonal carcinoma, 506 507 506 

P. 1-35 

malignant teratoma, 506 
sex cord tumor 

Peutz-Jeghers syndrome with, 506 
yolk sac tumor, 506 507 
hormonal activity with, 504 
investigative methods for, 492 493 493 
aspiration biopsy as, 493 
cervicovaginal preparations in, 492 
endometrial aspirations as, 492 
transvaginal aspiration as, 492 493 493 
in vitro fertilization in, 492 493 493 
rare types of, 500 501 
sex cord type of, 412 
staging of, 498 
Oviducts, 185 
Ovulation 

disturbances of, 233 234 
cytology of, 234 
in menstrual cycle, 192 193 
Oxalate crystals, effusions with, 931 
Ozone injury, lung, 575 
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P face, 26 27 
p21, 75 153 
p53, 75 153 
mutated, 155 
p53 gene, 144 
Pachynema, 96 97 

Pagetoid changes, carcinoma with, bladder, 864 865 866 
Paget's diseases, esophagus, 546 1137 1138 1138 
osteosarcoma in bone, 1345 
vulva with, 482 483 483 
Painting probes, 112 
Palindrome, 75 
Pal's bleach, 1612 1613 

Pancreas, 1428 1429 1430 1431 1432 1433 1434 1435 1436 1437 1438 1439 1440 
1441 1442 1443 1444 1445 1446 1447 1448 1449 1450 1451 1452 1453 1454 
anatomy of, 1430 

carcinoma of, 1439 1440 1441 1442 1443 1444 1445 1446 1441 1442 1443 1444 
1445 1446 1447 1442 
acinar cell carcinoma, 1446 1447 
adenosquamous/squamous carcinoma, 1445 1445 
anaplastic carcinoma, 1443 
colloid carcinoma, 1445 1446 
diagnostic tests for, 1445 1446 

ductal adenocarcinoma, 1440 1441 1442 1443 1444 1445 1441 1442 1443 1444 

1445 1446 1442 

gelatinous carcinoma, 1445 

giant-cell undifferentiated carcinoma, 1443 1444 

oncocytic carcinoma, 1445 

pancreatoblastoma, 1446 

signet-ring cell carcinoma, 1445 

small-cell undifferentiated carcinoma, 1443 1444 1445 1444 
cytology of normal, 1431 1432 1431 1432 1433 
acinar cells in, 1432 

epithelial duct cells in, 1431 1432 1431 
islet cells in, 1432 1432 
other benign cells in, 1432 1433 
diagnostic techniques for, 1428 1429 1430 
complications with, 1429 1430 
bile peritonitis with, 1430 
CT as, 1428 
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EUSas, 1428 1429 
FNAas, 1429 1453 1454 
pancreatic juice collection with, 1429 
sample securing methods with, 1429 
serum amylase levels in, 1428 
US as, 1428 
ectopic, 1430 

endocrine tumors of, 1446 1447 1448 1449 1450 1447 1448 1449 1450 1451 1451 
ACTH with, 1446 

cytology of, 1448 1449 1450 1451 1451 
histology of, 1447 1448 1448 1449 1450 
islet cell tumor as, 1446 1447 
multiple endocrine neoplasia (MEN), 1446 
oncocytic component with, 1448 
histology of, 1430 1431 1430 
exocrine pancreas in, 1430 1430 
islets of Langerhans in, 1430 1430 
inflammatory lesions of, 1432 1433 1434 1435 1434 
acute pancreatitis, 1433 
chronic pancreatitis, 1433 1434 1435 1434 
predisposing factors for, 1432 
subacute pancreatitis, 1433 1434 1435 
metastatic tumors to, 1452 1453 1452 1453 1453 

neoplastic cystic lesions of, 1435 1436 1437 1438 1439 1437 1438 1439 1438 
differential diagnosis for, 1438 
identification of, 1439 

intraductal papillary mucinous neoplasms, 1439 
mucinous cystic tumors, 1437 1438 1438 1438 
serous cystadenoma, 1435 1436 1437 1437 1438 
nonneoplastic cystic lesions of, 1435 1436 
congenital pancreatic cysts, 1435 1436 
lymphoepithelial cysts, 1435 1436 
pancreatic pseudocysts, 1435 1436 
primary malignant lymphomas of, 1452 1452 
rare epithelial neoplasms of, 1450 1451 1452 1451 
pancreatoblastoma, 1452 

solid pseudopapillary tumor, 1450 1451 1452 1451 
results and conclusions on, 1453 1454 
tumor immunochemistry for, 1662 1663 1664 1663 
Pancreatic carcinomas, 549 1663 
circulating tumor cells and, 1558 
Pancreatic duct carcinomas, metastatic tumors, 989 990 

Pancreatic ducts, 894 895 896 897 898 899 900 901 902 903 904 905 906 907 908 
909 910 897 898 899 900 901 902 903 904 905 906 907 908 909 
anatomy of, 894 895 897 
carcinoma of, 903 904 905 906 
cytology indications with, 896 



3214/3276 



p 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 

cytology of, 900 901 902 
atypical ductal epithelium in, 900 902 
normal ducts in, 900 901 
ERBC diagnosis for, 99 908 909 
histology of, 895 896 898 

investigation methods for, 896 897 898 899 898 899 
current sampling techniques in, 898 899 899 
older sampling techniques in, 896 897 898 
precancerous lesions with, 904 905 906 907 
brush cytology for, 904 905 906 
Pancreatic endocrine tumor, 1664 
Pancreatic islet cell tumor, 699 699 
Pancreatic pseudocysts, 1435 1436 
Pancreatitis, 937 938 1432 1433 1434 1435 1434 
acute, 1433 

chronic, 1433 1434 1435 1434 
predisposing factors for, 1432 
subacute, 1433 1434 1435 
Pancreatoblastoma, 1446 1452 
Pancytopenia, thymomas with, 1376 
Paneth cells 
cervix, 396 402 411 
intestinal endocrine, 743 
PAP. See Prostatic acid phosphatase 
Pap cells, sputum, 596 596 

Pap smear(s), 7 See also Cervicovaginal smears; Vaginal smears 
from 1 950-1 980S 8 
from 1980s-presen 8 9 
beginning of, 8 
of cervical cancer, 7 
efficacy of, 8 
history of, 8 9 
value of, 8 

Papanicolaou, George, 6 7 7 

Papanicolaou method, bronchogenic carcinoma diagnosis with, 648 

Papanicolaou stain, 22 1592 1593 1594 1595 1596 1597 1598 1593 1594 1595 1596 

1597 1598 

aspirated material with, 1066 1067 
brain sample processing with, 1524 
materials required for, 1596 
staining dishes as, 1596 
stains as, 1596 

modifications of, 1592 1593 1594 1595 1596 1593 1594 1595 
bluing, 1593 

eosin-alcohol stain, 1593 

hematoxylin, 1592 1593 1593 1596 1597 1596 1597 
hydration, 1593 1596 
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preparation of, 1596 1597 1598 1596 1597 1598 
set-up for, 1593 

P. 1-36 

trouble-shooting with, 1599 1600 1601 1600 1602 
contamination control in, 1600 
filter with, 1600 1601 1600 1602 
nuclear stain too dark in, 1599 
nuclear stain too pale in, 1599 
unsatisfactory cytoplasmic stains in, 1599 1600 
ultrafast, 1601 

weight per volume preparation of, 1598 
Papanicolaou's classes, 307 

Papillary (Chromophil) adenomas, pituitary, 1463 1463 
Papillary carcinomas. See also other organs 
breast, 1103 1104 1104 1112 
salivary glands, 1254 1255 

thyroid, 1158 1162 1163 1164 1165 1166 1167 1164 1165 1166 1167 1168 
clinical data/histology with, 1162 1163 
cystic, 1165 

cytology with, 1163 1164 1164 1165 1166 1167 

differential diagnosis of, 1158 

follicular variant of, 1165 1166 1168 

oxyphilic variant of, 1166 

sclerosing variant of, 1167 

tall-cell variant of, 1164 1166 

variants of, 1164 1165 1166 1167 1168 

Warthin's-like variant of, 1166 

Papillary immature metaplasia (PIM), of endocervical epithelium, 248 
Papillary mesothelioma, 971 

Papillary renal cell carcinoma (PRCC), 1465 1471 1472 1473 
Papillary thyroid carcinomas, metastatic, in effusions, 990 992 

Papillary urothelial tumors, 780 781 782 783 784 781 782 783 784 See also Bladder; 
urothelium; urinary tract 
behavior patterns, 783 784 784 
clinical presentation of, 780 781 
fundamental structure of, 780 781 
histologic grading of, 781 782 783 782 783 
precursor lesions, 780 781 782 783 
pseudoinvasion of bladder wall with, 783 784 
symptoms of, 780 

urinary sediment recognition of, 798 799 800 798 800 801 802 
grade II tumors, 799 801 
grade III tumors, 799 800 802 
low grade tumors, 798 799 798 800 
patient work-up in, 800 
urothelial hyperplasia with, 780 781 
Papillary villoglandular carcinomas, cervix, 410 411 412 
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Papillomatosis, larynx, 727 728 
Papillomatosis of bladder, 809 See also Bladder 
Papillomaviruses, 145 See also Human papillomavirus (HPV) 
Papnet System, 371 
Parabasal cells, 122 122 
female genital tract therapy effects in, 555 
of squamous epithelium, 197 198 198 
Paracoccidioides brasiiiensis, 268 
Paracoccidioidomycosis, 615 616 716 
Paracortical hyperplasia. See Follicular hyperplasia 
Paraganglioma. See Pheochromocytoma 
Paragonimiasis 
CNS lesions with, 1527 1527 
Paragonimus keiiicotti, 934 
Paragonimus westermani, lung, 622 623 623 
Retroperitoneum with, 1494 

Parainfluenza, lower respiratory tract with, 609 611 612 
Parakeratosis, of squamous epithelium, cervix, 242 243 243 
cytology of, 242 243 
histology of, 242 243 
Paranasal sinuses, 569 570 
epithelial lesions of, 733 734 735 
Paraneoplastic syndrome, CNS, 1516 
Parasites 

amoebiasis as, 621 622 622 

Ancy/ostoma duodena/e (hookworm) as, 622 

dirofilariasis as, 623 624 

echinococcus as, 622 623 

eyelid, 1510 1511 1511 

filariasis, 762 

gastric disorders from, 868 869 
Giardia iambiia as, 622 

lower respiratory tract with, 621 622 623 624 622 623 

lower urinary tract, 762 

lung flukes, 622 623 623 

microfilariae, 623 

microsporidia, 624 

nonmalignant effusions associated diseases with, 934 934 
prostate with, 1269 

Schistosoma hematobium (Bilharzia), 762 
strongyloidiasis, 622 623 

trichomonas vaginalis, 272 273 274 275 276 277 762 
trichomoniasis, 622 
Parasitic infections 
retroperitoneum with, 1494 
skin, 1287 1287 
Paratesticular tumors, 1283 



3217/3276 



p 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 

adenomatoid tumor, 1283 
Parathormone, parathyroid glands, 1176 
Parathyroid glands, 1176 1177 1178 1177 1178 
adenomas of, 1176 1177 1177 
cytology, 1177 1177 
hypercalcemia, 1176 
infarction, 1177 
surgical removal, 1176 
anatomy/histology of, 1176 
osteitis fibrosa cystica in, 1176 
parathormone in, 1176 
carcinomas of, 1177 1178 1178 

tumor immunohistochemistry for, 1666 1667 1668 1666 1667 1668 
Parathyroid hyperplasia, 1177 
Parotid, 1229 1230 See also Salivary glands 
PAS. See Periodic acid-Schiff 
Patau syndrome, 103 

PCNA See Proliferating cell nuclear antigen 
PCR. See Polymerase chain reaction 
PE. See Phycoerythrin 
Peg cells, 508 

Pemphigus vulgaris, 479 529 654 719 1288 1288 
Penile lesions, 483 
Penis, anatomy, 740 
malignant tumors, 824 825 
Peptic ulcers, 

Barrett's esophagus with, 851 
stomach with, 869 
Peptide hormones, 1653 

Percutaneous needle aspiration, 575 576 See also Fine needle aspiration biopsy (FNA) 
Percutaneous transhepatic cholangiography (PTC), 899 
Pericardial cavity, 919 920 
Pericarditis, 932 933 
Perineum, 478 479 480 481 482 483 
benign tumors of, 479 480 
Bowenoid papulosis, 483 
carcinoma in situ of, 481 482 
cytologic sampling for, 478 
histology of, 478 

inflammatory diseases of, 478 479 478 
herpes genitalis as, 478 
lichen sclerosus as, 479 
molluscum contagiosum as, 478 479 478 
lymphatic drainage of, 184 
malignant tumors of, 479 480 481 481 
Paget's disease of, 482 483 483 
Periodic acid-Schiff (PAS), 507 614 1612 1613 
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diastase digestion with, 1613 

Peripheral nerves lesions, 1324 1325 1326 1327 1325 1326 1327 1328 
Peripheral neuroectodermal tumor (PNET), 1656 1657 
Peritoneal cavity, 919 920 921 
Peritoneal mucinous carcinomatosis, 985 986 987 987 

Peritoneal washings (lavage), 514 515 516 517 518 519 520 521 522 523 524 525 526 
cytology of, 515 516 517 518 519 515 516 517 518 519 
benign cells/conditions in, 515 516 517 518 515 516 517 518 
benign epithelial cells in, 517 517 
collagen balls in, 518 518 
endometriosis in, 518 519 

P. 1-37 

endosalpingiosis in, 519 519 520 
foreign/plant/ganglion cells in, 518 518 
leukocytes in, 517 518 
macrophages in, 517 518 
mesothelial cells in, 515 516 517 515 516 
noncancer diagnostic problems with, 519 
endometrial carcinoma, 523 524 525 523 524 
clinical significance of, 524 525 
cytology of, 523 524 523 524 
fallopian tube carcinoma, 525 526 525 
mesodermal mixed tumor, 526 
metastatic cancer, 526 526 

nonovarian cancer, 522 523 524 525 526 522 523 524 525 526 
ovarian cancer 
first look, 520 521 520 521 
second look, 521 522 
results, 521 522 

second look with (ovarian cancer), 521 522 522 
results from, 521 522 
specimen processing for, 514 515 
uterine cervix carcinoma, 525 
Peritoneoscopy, 493 
Peritonitis, 932 933 
Pernicious anemia, 528 716 872 873 
Peroxisomes, 39 40 

Peutz-Jeghers syndrome (with endocervical carcinoma), 412 
germ cell tumors with, 506 
Ph+. See Philadelphia chromosome 
Ph chromosome, 112 
Phage, 75 

Phagocytosis, 27 127 518 
cell injury and, 137 137 138 
Pharynx, 569 570 

Phase-contrast microscopy, 22 23 23 
Phenacetin, 778 
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lower urinary tract lesions, 770 

Pheochromocytoma (Paraganglioma), adrenal, 1487 1488 1489 1490 1488 1489 
bladder, 812 813 

cytology of, 1488 1489 1490 1489 
DNA histogram and prognosis with, 1731 1 732 
histology of, 1488 1489 
paroxysmal hypertension with, 1487 
pathology of, 1488 
retroperitoneum with, 1497 1499 
vanillylmandelic acid with, 1487 
Philadelphia chromosome (Ph+), 106 112 154 
Photodynamic therapy, bladder tumors treatment with, 831 
Phycoerythrin (PE), 1717 1733 
Phycomycetes, 616 
Phycomycosis, 616 

Phyllodes tumor (Cystosarcoma Phyllodes), breast, 1101 1102 1103 1103 
cytology of, 1 1 03 11 03 
histology/clinical data on, 1101 1102 1103 
Physaliphorous cell 
chordoma with, 1044 1359 1360 
Phytohemagglutinin, 1546 
PI. See Propidium iodide stain 
Pigments, 43 

effusion cell populations with, 929 930 
Pilomatrixoma, 1256 
skin, 1290 1291 1292 1291 
Pineoblastomas, brain of, 1535 
Pink intracytoplasmic inclusions, urine, 612 
Pinocytotic vesicles, 27 919 
Pinworm. See Enterobius vermicularis 
Pituitary follicle-stimulating hormone (FSH), 491 
Pituitary gland, tumors of, 1536 1537 1537 
Pituitary luteinizing hormone (LH), 491 
Pituitary transcription factor, 1647 
Pituitary tumors, DNA histogram and prognosis with, 1732 
Placental alkaline phosphatase (PLAP), 1499 
Planimetry, 331 

PLAP. See Placental alkaline phosphatase 
Plasma cell cervicitis, 262 262 

Plasma cell mastitis, breast inflammatory lesions of, 1089 
Plasma cell myeloma, 703 1001 1209 1210 
Plasma cells, 125 581 716 928 
CSF disease produced change in, 1026 
Plasmacytoma, 626 703 1209 1210 1211 
CSF with, 1040 1041 
spleen with, 1423 

urothelial carcinomas mimicking, 814 
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Plasmid, 66 75 

Pleomorphic adenomas (benign mixed tumor) 
breast, 1100 1101 
eyelid, 1511 

eye orbit, 154 1515 1516 

salivary glands, 1253 1254 1236 1237 1237 1238 1239 
chondroid syringoma with, 1236 
clinical data on, 1235 1236 1237 
cytology of, 1236 1237 1238 1238 1239 
histology of, 1236 
malignant, 1249 1250 
myoepithlial cells with, 1238 
tyrosine and other crystals with, 1236 1238 
Pleomorphic hepatoma, giant cells with, 1403 1407 
Pleomorphic liposarcomas, 1007 
adipose tissue, 1316 
Pleomorphic rhabdomyosarcomas, 1321 
Pleural cavity, 919 920 
Pleuropulmonary blastomas, 687 
PLGA See Polymorphous low-grade adenocarcinoma 

PNET. See Peripheral neuroectodermal tumor; Primitive neuroectodermal tumors 
Pneumococci, 601 
Pneumoconioses, 603 

Pneumocystis carinii, 617 618 619 620 621 619 933 934 
pneumonia, 574 602 
Pneumocytes, 571 572 580 
type I, 571 

type II, 572 596 597 598 597 598 599 
type III, 572 

Pneumonia, 574 602 603 636 
measles, 612 
Pneumothorax, 576 
Podophyllin, 479 
Point mutation, 75 
of oncogenes, 152 
Pollen, 586 587 
Polyadenylation, 75 
Polycystic ovarian disease, 233 
Polykaryons. See Macrophages, multinucleated 
Polymerase, 75 

Polymerase chain reaction (PCR), 71 72 75 288 289 291 1552 See also Reverse 
transcriptase polymerase chain reaction 

Polymorphic B-cell hyperplasia, posttransplantation lymphoproliferative disorders with, 1198 
Polymorphonuclear leukocytes, 44 581 754 
CSF disease produced change in, 1025 
female genital tract therapy effects of, 554 

Polymorphous low-grade adenocarcinoma (PLGA), 1243 1250 1251 1252 1251 1252 
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Polyomavirus 

lower respiratory tract with, 612 613 613 
urinary tract with, 756 757 758 759 760 761 
Polyomavirus vasculopathy, 758 
Polypeptide hormones, 43 
Polyploidy, 102 

Polypoid carcinoma (Carcinosarcoma), esophagus 
cytology of, 865 
histology of, 865 

Polyps, general concepts, 144 144 
Polyribosomes, 35 36 
Polyvinylpyrrolidone (PVP), 1546 
Portio vaginalis, 184 
Posterior vaginal fornix, 184 

Post-irradiation dysplasia, female genital tract, 557 558 559 560 558 559 560 
Postmitotic resting phase, 81 
Postpartum period, 213 214 

P. 1-38 

Posttransplantation lymphoprol iterative disorders, 1197 1198 
Epstein-Barr virus in, 1197 
immunoblastic lymphoma om, 1198 
multiple myeloma in, 1198 
plasmacytic hyperplasia in, 1198 
polymorphic B-cell hyperplasia in, 1198 
Pott's disease, 1494 

pediatric tumors metastatic to bone mimicking, 1371 
Pouchet, AF.,6 

PRCC. See Papillary renal cell carcinoma 
Precancer cell complex, 287 

Precancerous epithelium. See Carcinoma in situ; Dysplasia, cervix 
Precancerous leukoplakia, oral, squamous cancer in, 722 
Precocious puberty, female, 235 235 
Precursor lesions, cervix 

behavior of, 302 303 304 305 309 310 311 312 309 310 311 312 313 
of cancer, 148 149 

cervix carcinoma mapping studies with, 302 303 304 305 

follow-up studies on (cervix), 308 309 310 311 312 313 314 315 309 310 311 312 313 
314 315 316 

histologic/cytologic terminology (cervix), 306 307 308 308 
Bethesda system in, 307 308 
cervical intraepithelial neoplasia, 307 
dysplasia, 306 307 
Papanicolaou's classes in, 307 
invasive carcinoma from (cervix), 302 303 304 305 305 
morphologic events leading to (uterine cervix) 

HGSIL as, 300 301 301 302 308 308 
LGSIL as, 298 299 300 299 300 307 308 
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precursor lesion behavior, 302 303 304 305 
precursor lesion mapping studies with, 302 303 304 305 
precursor lesion to invasive carcinoma with, 302 303 304 305 305 
prognostic parameters in (cervix), 316 317 318 
blood group antigens as, 316 
clonality analysis as, 318 
cytogenetic studies as, 317 318 
DNA quantitation as, 317 318 
DNA synthesis/proliferation indices as, 317 
HPV typing as, 316 
immunochemistry as, 316 317 
oncogenes as, 316 317 

uterine cervix precursor lesions with, 333 334 335 336 337 338 339 340 341 342 343 
344 345 346 347 334 335 336 337 338 339 340 341 342 343 344 345 346 347 
HGSIL, 337 338 339 340 339 340 
high-grade small cell, 342 343 344 345 345 346 347 
high-grade squamous intraepithelial, 346 
Intraepithelial, 340 341 342 
LGSIL, 333 334 335 336 334 335 336 337 338 
Prednisolone, 563 
Pregnancy 

cytological manifestations of, 210 211 212 213 211 212 
fetal membrane rupture in, 212 213 
proliferative disorders with, 423 
uncommon findings in, 210 211 212 213 
Pregnancy at term 
cytologic assessment of, 212 
Pregnant women 
HPV in, 295 

Preinvasive carcinoma. See Carcinoma in situ 
Prepubertal females 
cytology of, 209 210 209 
Primary amenorrhea, 232 
Primary constriction, 93 
Primers, 71 

Primitive follicle, ovary, 491 
Primitive neuroectodermal tumors (PNET) 
bone with, 1361 1362 1363 1364 1365 1362 1363 1364 1365 1365 
cytology of, 1 363 1 364 1 365 
microscopy of, 1362 1363 
moth-eaten pattern with, 1362 

pathology/histology of, 1361 1362 1363 1364 1362 1363 1364 1365 1365 

radiographic view of, 1362 1363 

rosette formation with, 1364 

saucerization with, 1362 

small-cell osteosarcoma vs, 1361 

undifferentiated mesenchymal cells with, 1364 
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female genital tract, 543 
Probes (DNA/RNA), 44 68 69 
Progesterone, 191 
Progesterone receptors, 1658 
Progressive multifocal leukoencephalopathy 
CNS lesions with, 1526 1527 1527 
CSF cytology with, 1027 
human polyomavirus with, 757 
Progressive systemic sclerosis. See Scleroderma 
Prokaryotic cells, 21 55 

Proliferating cell nuclear antigen (PCNA), 169 317 
Proliferation antigen Ki-67, 407 

Proliferative disorders of endometrium, 422 423 424 425 426 427 428 429 430 431 432 
433 434 435 436 437 438 439 440 441 442 443 444 445 446 447 448 449 450 451 
452 453 454 455 456 457 458 459 460 461 See also Endometrium 
benign conditions/disorders with, 423 424 424 
endometrial metaplasia in, 424 
intrauterine contraceptive devices in, 423 424 424 
pregnancy in, 423 
signet-ring cells in, 424 

direct endometrial samples with, 445 446 447 448 449 450 451 452 453 448 449 450 
451 452 453 454 455 
atrophic endometrium in, 449 
cycling endometrium in, 448 449 449 
endometrial adenocarcinoma in, 450 451 450 451 452 
endometrial hyperplasia in, 451 452 453 
endometrial stromal cells in, 449 
instruments for, 445 446 447 448 
interpretation of, 448 
key features of, 448 449 450 449 
ovulation timing in, 449 
sources of error in, 452 453 454 
various age group diagnosis in, 451 452 
endometrial adenoacanthomas, 440 441 
endometrial adenocarcinoma, 427 428 429 430 429 

endometrial carcinoma classifications, 430 431 432 433 434 435 436 431 433 435 
endometrial hyperplasia in, 430 432 433 434 433 
endometrioid type, 430 431 431 
rare histologic variants, 435 436 
serous carcinoma, 434 435 435 
squamous component, 431 432 
endometrial hyperplasia diagnosis, 444 446 
endometrial polyps, 427 428 
endometriosis associated cytologic atypias, 427 
endometrium cytology, 423 424 425 426 427 424 425 426 
exogenous hormones, 424 
inflammatory lesions, 425 426 427 
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occult endometrial carcinoma, 453 454 455 455 456 457 
regenerating endometrium, 425 425 

routine cervicovaginal samples, 423 436 437 438 439 440 441 442 443 444 445 437 
438 439 440 441 442 443 444 444 
adenoacanthoma cells in, 440 441 442 443 
cell clusters in, 438 439 
cytologic diagnosis efficacy in, 442 444 
endometrial cancer cell recognition in, 437 
general appearance in, 436 437 437 
high-grade endometrial carcinomas in, 439 440 440 441 
hormonal pattern in, 437 438 
macrophages in, 440 442 
pitfalls in, 442 443 
rare carcinomas in, 441 444 
tumor typing through, 441 442 
well-differentiated carcinomas in, 437 438 439 439 
search in asymptomatic women for, 456 457 458 459 460 461 458 459 460 
menopause onset age in, 457 458 
occult endometrial carcinoma in, 457 458 459 458 459 
occult endometrial hyperplasia in, 459 460 460 
sampling methods in, 460 461 

P. 1-39 

uterine leiomyomas associated endometrial abnormalities with, 427 
Proliferative phase 
of menstrual cycle, 192 192 
Prometaphase, 81 84 86 
Prometaphase rosette, 84 
Promoters, 62 63 75 
Prophase, 81 84 87 88 

Prophylactic salpingo-oophorectomy in high-risk patients, 497 509 
Prophylactic thyroidectomy, medullary carcinoma, 1167 
Propidium iodide stain (PI), 44 1617 1716 
nuclear DNA measurements using, 1741 1742 
Prostate, 1262 1263 1264 1265 1266 1267 1268 1269 1270 1271 1272 1273 1274 
1275 

anatomy/histology for, 1265 1266 1265 
bladder metastatic carcinoma, 826 

carcinoma, 1270 1271 1272 1273 1274 1275 1271 1272 1273 1274 1275 
aspiration biopsy diagnosis for, 1274 1275 
aspiration cytology of, 1271 1272 1273 1271 1272 1273 
cytologic grade of, 1273 1274 1274 
cytology of, 1270 1271 1272 1273 1271 1272 1273 
DNAploidy of, 1273 
grading of, 1270 
histology of, 1270 

metastatic to bone, 1368 1369 1370 1369 
prostatic massage with, 1271 
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treatment effects, cytology of, 1275 1275 
voided urine in, 1270 1271 1271 
cytology of benign disorders, 1268 1269 1270 1269 1270 
benign prostatic hypertrophy, 1268 1269 1269 
parasites in, 1269 
prostatic infarcts, 1269 1270 1270 
prostatitis, 1269 

cytology of normal, 1266 1267 1268 1266 1267 1268 
aspiration biopsy, 1266 1267 1268 1266 1267 1268 
cells from other organs, 1267 1268 1267 1268 
prostatic epithelial cells in, 1266 1267 1266 
prostatic fluid with, 1268 
seminal vesicle cells, 1267 
urine sediment with, 1268 
DNAploidy analysis of, 1688 
rare tumors of, 1275 
adenoid cystic carcinoma, 1275 
endometrioid carcinomas, 1275 
rhabdomyosarcoma, 1275 
small cell carcinomas, 1275 
sampling methods, 1263 1264 1265 1263 1264 
Franzen's instrument in, 1264 1264 
prostatic massage, 1263 

transrectal aspiration biopsy, 1263 1264 1265 1263 1264 
voided urine, 1263 

tumor immunohistochemistry for, 1664 1665 1664 
Prostate carcinomas, 1664 
circulating tumor cells and, 1555 1556 1557 1556 
flow cytometry of, 1725 

Prostate specific antigen (PSA), 1262 1551 1664 
Prostate specific membrane antigen (PSM), 1556 
Prostatic acid phosphatase (PAP), 1664 
Prostatic epithelial cells, 1266 1267 1266 
Prostatic infarcts, 1269 1270 1270 
Prostatic massage 
prostate sampling with, 1263 
Prostatic utricle 

adenocarcinoma originating in, 824 825 826 825 
Prostatitis, 1269 
bacterial/viral, 1269 
granulomatous, 1269 
Protein(s), 55 See also specific proteins 
as cell building blocks, 61 62 
structure of, 61 
Protein kinases, 81 
Protein synthesis, 36 
mechanisms of, 60 61 61 



3226 / 3276 



p 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 

nuclear/cytoplasmic events of, 59 59 
Proteomic spectra, ovarian carcinoma diagnosis with, 508 
Proteomics, 61 62 66 72 
urothelial tumors monitored with, 835 
Protooncogene, 75 150 151 152 

Protozoa, CNS lesions with, 1527 1527 1528 See also other organs 
PSA. See Prostate specific antigen 
Psammoma bodies 

adenocarcinoma, peritoneal lavage, 539 

breast, 1122 

cervix, 252 253 

CNS, 1528 1540 1542 

CSF with, 1025 

effusions, 951 952 954 966 967 969 982 984 985 988 989 992 992 1004 
endometrium, 431 435 440 
endosalpingiosis, 496 497 519 
eye, 1514 

fallopian tube, 508 509 

female genital tract, 515 519 519 520 520 526 539 

FNA/smear preparation for, 1075 

kidneys, 1473 1477 

lungs, 657 662 663 663 699 

lymph nodes, 1233 1238 1240 1249 

mediastinum, 1384 

ovary, 495 496 497 497 499 500 501 502 503 
peritoneal lavage, 519 519 520 
skin, 1299 

thyroid, 1153 1155 1156 1162 1163 1166 
PSC. See Primary sclerosing cholangitis 
Pseudoamyloid, bronchus, 583 585 
Pseudoautosomal region, 98 
Pseudogout, synovial fluid, 1048 1049 
Pseudohyphae, 616 

Pseudomonas aeruginosa, lower urinary tract, 753 
Pseudomyxoma peritonei, 521 
metastatic tumors in, 985 986 987 987 
Pseudoparakeratosis. See Parakeratosis 

Pseudosarcomatous (nodular) fasciitis lesions, 138 1333 1334 1335 
Pseudotumors, eye orbit with, 1514 1515 
PSM. See Prostate specific membrane antigen 
Psoriasis, 631 

PTC. See Percutaneous transhepatic cholangiography 
Pteris aqui/ina, 778 

Pulmonary alveolar macrophages, 572 573 574 
Pulmonary artery, 570 
Pulmonary blastomas, 687 
Pulmonary fibrosis, 583 
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Pulmonary hemorrhage, 636 
Pulmonary infarcts, 932 932 

Pulmonary macrophages, 598 599 600 601 600 601 
lipid pneumonia with, 599 600 600 
nuclear abnormalities with, 598 599 
Pulmonary meningioma, 693 694 
Pulmonary mycetomas, 654 
Pulmonary mycoses 
Allescheria boydii in, 620 621 
aspergillosis in, 617 618 
blastomycosis in, 614 615 
Candida albicans in, 616 617 617 
coccidiomycosis in, 614 615 615 
Cryptococcus in, 613 614 614 
histoplasmosis in, 615 616 616 
mucormycosis in, 617 619 

opportunistic fungi in, 616 617 618 619 620 621 617 618 619 620 
opportunistic organisms and, 621 
paracoccidioidomycosis in, 615 616 
pathogenic fungi in, 613 614 615 616 614 615 616 
Pneumocystis carinii in, 617 618 619 620 621 619 
rhinosporidiosis in, 616 
sporotrichosis in, 616 
Pulmonary pneumoconioses, 575 
Pund, E. R., 8 
Purine, 56 

PVP. See Polyvinylpyrrolidone 
Pyelonephritis, 753 1461 
Pyknosis, 134 554 
Pylorus, 866 

PI-40 

Pyogenic bacteria, 753 
Pyrimidine bases, 56 
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Q-bands, 91 

Quality control, in cytologic sampling, 19 1628 
Quetelet index, 459 
Quinacrine dihydrochloride, 91 
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R point. See Restriction point 
Radiation response (RR), cervix, 561 
Radiation therapy 
body fluid cytology in, 1015 
carcinoma vs (female genital tract), 628 629 

female genital tract with, 555 556 557 558 559 560 556 557 558 559 560 
acute effect on benign epithelia in, 555 556 556 
benign vs malignant cells in, 557 
Chlamydia trachomatis in, 560 
herpesvirus in, 560 
other complications in, 560 
other pelvic post-radiation cancer in, 560 
persisting radiation effect in, 556 557 

post-irradiation dysplasia in, 557 558 559 560 558 559 560 ( See also Cervicovaginal 
smears, radiotherapy and) 
prognostic factors in, 560 561 
vaginal/sexuality changes in, 560 
lower respiratory track treated with, 627 628 628 629 
chronic radiation effects in, 627 628 
chronic radiation injury from, 627 628 
cytology of, 627 628 
respiratory epithelium in, 627 629 
squamous epithelium in, 627 
oral cavity, 717 719 

radiation response in (cervix cancer), 561 
sensitivity response in (cervix cancer), 561 
Radical cystectomy, tumors treatment with, 830 
Radiomimetic drugs, 1015 
Radiotherapy 

cervicovaginal smears and, 229 
endometrial adenocarcinoma as consequence of, 430 
lower urinary tract treated with, 767 
lung cancer with, 670 

nonmalignant effusions associated with, 943 944 943 944 
urothelial tumors treatment with, 830 
Rakoffs method, 1608 
ras oncogene, 75 152 153 
Rathke's pouch, 1537 
Rb gene. See Retinoblastoma gene 
RCC. See Renal cell carcinoma 
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Reactive hyperplasia, lymph nodes. See Chronic lymphadenitis 

REAL. See Revised European American Classifications of Lymphoid Neoplasms 

Reannealing, 59 71 

Reciprocal chromosome translocation, 105 
Recklinghausen syndrome, 1488 
Rectal mucosa, 484 

Rectum, 888 889 890 891 892 893 889 891 892 894 895 896 897 See also Colon 
Recurring chromosome abnormalities 
in malignant lymphoid diseases, 108 109 
in myeloid malignancies, 108 108 
Reed-Sternberg cells, 167 537 See also Hodgkin's lymphoma 
Hodgkin's lymphoma with, 1216 1216 
Regulatory gene, 75 
Reinke's crystalloids, testis, 1276 
Renal abscess, 1461 
Renal adenocarcinoma, 107 
renal parenchyma tumors, 837 838 839 838 
Renal adenomas, 1463 1464 1463 1463 
Renal carcinomas, 549 
DNA histogram and prognosis with, 1731 
metastatic tumor to bone as, 1370 
metastatic tumors to (effusions), 990 991 992 993 994 
Renal casts, 750 751 

Renal cell carcinoma (RCC), 1464 1465 1466 1467 1468 1469 1470 1471 1472 1473 
1474 1465 1466 1467 1468 1469 1470 1471 1472 1473 1474 See also Kidney 
chromophobe, 1465 1470 1472 1473 1474 1474 

conventional, 1465 1466 1467 1468 1469 1466 1467 1468 1469 1470 1471 

cytology with, 1467 1468 1469 1467 1468 1469 1470 1471 

epidemiology/genetics of, 1464 1465 

gross features in, 1466 1467 

histology of, 1466 1467 1467 

multilocular cystic, 1470 1472 

papillary, 1465 1471 1472 1473 

small, 1470 1471 

staging/grading of, 1464 1465 1465 
Renal cysts, 1459 1460 1461 1460 
cystic nephroma with, 1459 
cytology of, 1460 1460 
fluid inspection for, 1460 
fluid studies on, 1460 1461 
LDH with, 1460 

Renal diseases, effusions associated with, 937 938 939 
Renal infarcts, 1461 

Renal oncocytomas, 1465 1470 1474 1475 1475 
Renal parenchyma tumors, in urinary sediment, 837 838 839 838 839 
malignant lymphoma with, 839 
nephroblastoma with, 838 839 839 
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renal adenocarcinoma with, 837 838 839 838 
Renal pelves urothelial tumors, 817 818 819 820 821 818 819 820 821 822 
adenocarcinoma as, 818 
cytology of, 819 820 821 819 820 821 822 
retrograde brushing in, 820 821 821 
retrograde catheterization in, 820 820 
ureteroscopic biopsies in, 821 822 
voided urine in, 819 820 819 
grading/prognosis of, 818 
natural history/pathology of, 817 818 818 
squamous carcinoma as, 818 

Renal pelvis carcinoma, aspiration biopsy, 1476 1477 1477 
Renal transplantation 
aspiration biopsy with, 772 773 
cyclosporine effect with, 773 
rejection monitoring with, 772 
urinary sediment in, 771 772 773 772 
Renal tubular cells, 749 750 750 1458 1459 
Repair 

concept of (cervix), 250 
cytology of, 250 251 
histology of, 250 251 
Replication errors, 58 
Repressors, 62 
Reproductive endocrinology, 7 
Reserve cell hyperplasia, bronchus, 603 
Respiratory bronchiolitis-interstitial lung disease (RB-ILD), 603 
Respiratory distress syndrome, 595 604 

Respiratory epithelium, 570 571 572 577 578 579 580 578 579 
proliferative processes, 590 591 592 593 594 595 591 592 594 595 
radiation therapy influence on, 627 629 
Respiratory syncytial virus (RSV), lower respiratory tract with, 609 612 612 
Respiratory tract (lower). See also Lung 
anatomy of, 569 570 
intermediate airway in, 569 
lower airway in, 569 570 
upper airway in, 569 

benign cellular abnormalities of, 587 588 589 590 591 592 593 594 595 596 597 598 
599 600 601 589 590 591 592 594 595 596 597 598 599 600 601 
alveolar lining cells in, 596 597 598 596 597 598 
alveolar macrophages, 598 599 600 601 600 600 
basal cell hyperplasia in, 592 593 592 
bronchial cells in, 588 589 590 589 590 
bronchial epithelium, 587 588 589 590 589 590 
ciliated cells in, 587 588 
ciliocytophthoria in, 589 590 
goblet cells in, 590 
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heart failure cells in, 600 601 601 

immobile cilia syndrome in, 589 590 

lipid pneumonia in, 599 600 600 

lipochrome pigmentation (bronchial cells), 589 589 

metaplasia of alveolar epithelium in, 596 596 

Pap cells in, 596 596 

papillary hyperplasia in, 590 591 592 591 

pneumocytes type II in, 596 597 598 597 598 599 

respiratory epithelium proliferative processes in, 590 591 592 593 594 595 591 592 
594 595 

squamous epithelium in, 595 596 596 
squamous metaplasia in, 593 594 594 
tracheitis sicca in, 595 595 

benign diseases/conditions of, 624 625 626 627 625 626 
alveolar proteinosis, 624 625 
follicular bronchitis, 626 
Gaucher's disease, 626 
inflammatory pseudotumor, 626 626 
malakoplakia, 624 625 
rheumatoid granuloma, 624 625 626 

cytologic sampling methods, 573 574 575 576 574 
bronchial aspirates/washings in, 574 
bronchial brushings in, 574 574 
bronchoalveolar lavage in, 574 575 
needle aspiration biopsy in, 575 576 
percutaneous aspiration in, 575 576 
percutaneous biopsy in, 575 
screw-needle biopsy in, 576 
sputum in, 573 574 

transbronchial needle aspiration in, 576 

cytology of, 576 577 578 579 580 581 582 583 584 585 586 587 577 578 579 580 

582 583 584 585 586 587 
alveolar macrophages in, 580 581 580 
amyloid in, 583 585 
asbestos bodies, 583 584 585 586 
basal/germinative cells in, 579 579 
calcific concretion in, 583 584 585 
corpora amylacea in, 583 584 
Curschmann's spirals in, 582 583 584 

exogenous foreign material in, 584 585 586 587 586 587 588 

ferruginous bodies detection in, 1620 1621 

ferruginous asbestos bodies in (lung), 584 585 586 586 

goblet cells in, 579 579 

inspissated mucus in, 583 584 

leukocytes in, 581 582 582 

meat fibers in, 586 
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mesothelial cells in, 580 

noncellular endogenous material in, 582 583 584 584 585 
plant material in, 586 587 
pollen in, 586 587 
pseudoamyloid in, 583 585 

respiratory epithelium in, 577 578 579 580 578 579 
squamous epithelium in, 576 577 577 
undigested food particles in, 586 587 
histology of, 570 571 572 573 571 572 573 
alveoli in, 571 572 573 
epithelial lining in, 570 

pulmonary alveolar macrophages in, 572 573 574 
respiratory epithelium in, 570 571 572 
squamous epithelium in, 570 571 

inflammatory processes in, 601 602 603 604 605 606 607 608 609 602 604 607 608 
actinomycosis/nocardiosis in, 607 608 608 
acute bacterial, 601 602 
aspiration pneumonia in, 605 
atypical pneumonias in, 602 602 
chronic, 602 603 

chronic bronchitis/pneumonia in, 602 603 
diffuse alveolar damage in, 603 
giant-cell interstitial pneumonia in, 604 605 
Hamman-Rich syndrome in, 604 
idiopathic interstitial pneumonias in, 603 604 
interstitial lung diseases in, 603 604 605 
Langerhans cell histiocytosis in, 608 609 
mycobacterium avium intracellulare in, 606 
sarcoidosis in, 606 607 607 
tuberculosis in, 604 605 606 
Wegener's granulomatosis in, 608 
neonatal lung disease in, 634 635 636 636 
bronchopulmonary dysplasia as, 634 635 636 
nonspecific intracytoplasmic inclusions with, 613 
parasites, 621 622 623 624 622 623 
amoebiasis, 621 622 622 
Ancylostoma duodenale (hookworm), 622 
dirofilariasis, 623 624 
echinococcus, 622 623 
Giardia lamblia, 622 
lung flukes, 622 623 623 
microfilariae, 623 
microsporidia, 624 
strongyloidiasis, 622 623 
trichomoniasis, 622 

pulmonary mycoses, 613 614 615 616 617 618 619 620 621 614 615 616 617 618 
619 620 621 
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A/lescheria boydii, 620 621 
aspergillosis, 617 618 
blastomycosis, 614 615 
Candida albicans, 616 617 617 
coccidioidomycosis, 614 615 615 
Cryptococcus, 613 614 614 
cytology of, 618 620 621 
histoplasmosis, 615 616 616 
mucormycosis, 617 619 

opportunistic fungi, 616 617 618 619 620 621 617 618 619 620 
paracoccidioidomycosis in, 615 616 
pathogenic fungi in, 613 614 615 616 614 615 616 
Pneumocystis carinii in, 617 618 619 620 621 619 
rhinosporidiosis in, 616 
sporotrichosis in, 616 
thermal injury of, 627 

treatment effects, 627 628 629 630 631 632 633 634 628 629 630 631 632 633 634 
amiodarone, 632 633 
bleomycin, 630 631 631 
bone marrow transplantation, 633 
busulfan (Myleran), 629 630 630 
carcinoma vs radiation effect in, 628 629 
carmustine (bis-Chloroethylnitrosourea BCNU) in, 631 632 633 
chemotherapy effects of, 629 630 631 632 630 631 632 633 634 
cyclophosphamide (Cytoxan), 631 632 
lung transplantation, 634 
methotrexate, 631 
organ transplantation, 633 634 
radiation therapy, 627 628 628 629 
viral infections with, 609 610 611 612 613 609 610 611 612 613 
adenovirus, 609 611 612 
cytomegalovirus, 609 611 611 
herpes simplex, 609 610 611 609 610 
human papillomavirus, 613 613 
measles (Rubella), 609 612 
parainfluenza, 609 611 612 
polyomavirus, 612 613 613 
respiratory syncytial, 609 612 612 
Varicella-zoster, 611 
Restriction endonuclease, 75 
Restriction enzymes. See Endonucleases 
Restriction map, 65 65 
Restriction point (R point), 81 
Reticuloendothelial system, 127 
Retinal detachment, 1518 1518 
Retinoblastoma (Rb) gene, 75 144 150 152 
Retinoblastoma-associated osteosarcoma, 1344 
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Retinoblastomas, 144 152 1516 
brain tumors vs, 1534 
eye, 1516 

Retrograde brushing 
endoscopic bile with, 898 899 
renal pelves tumors cytology with, 820 821 821 

P.I-42 

Retrograde catheterization, 744 745 753 753 
renal pelves tumors cytology with, 820 820 
Retroperitoneal fibrosis, 1495 1495 
Retroperitoneal lymphadenopathy, 1496 1497 1496 
Retroperitoneum, 1493 1494 1495 1496 1497 1498 1499 1500 1501 
anatomy of, 1493 

benign lesions of, 1494 1495 1495 
abscesses as, 1494 
AIDS with, 1494 

benign mesenchymal tumors, 1495 
cysts, 1494 1495 1495 
DirofUaria repens, 1494 
Ecchinococcus granulosus, 1494 
endometriosis, 1495 
malakoplakia, 1495 
myelolipoma, 1495 
Paragonimus westermanii, 1494 
parasitic disease, 1494 
Pott's disease, 1494 
retroperitoneal fibrosis, 1495 1495 
tuberculosis, 1494 

indications/techniques of, 1493 1494 1494 
aspiration biopsy in, 1494 1494 
CT in, 1493 

Hodgkin's lymphoma staging with, 1493 
lymphangiography in, 1493 
MRI in, 1493 
US in, 1493 

lymphadenopathy of, 1496 1497 1496 
benign reactive hyperplasia, 1496 1496 
malignant lymphomas, 1496 1497 
metastatic tumors to, 1499 1500 1501 1500 
normal cellular components of, 1494 

primary malignant tumors of, 1497 1498 1499 1498 1499 1499 
chordoma, 1498 1499 1499 
ganglioneuroblastomas, 1497 1499 
ganglioneuromas, 1497 1499 
mesenchymal origin, 1497 1498 
neural crest origin, 1497 1498 
neuroblastomas, 1497 1499 
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pheochromocytoma, 1497 1499 
rhabdomyosarcoma, 1497 1498 
results/conclusions on, 1501 
Retroviruses, 66 151 
Reverse filtration, 22 369 
Reverse transcriptase, cDNAand, 66 66 

Reverse transcriptase polymerase chain reaction (RT-PCR), 114 156 1554 1555 1557 1558 
1559 1671 

circulating tumor cells identification with, 1552 
Revised European American Classifications of Lymphoid Neoplasms (REAL), 1198 
Rhabditiform larvae (Strongloidiasis) sputum, 622 
Rhabdoid tumor, 1479 

Rhabdomyoblasts, metastatic tumors with, ovary, 988 
Rhabdomyomas, female genital tract, 467 530 
Rhabdomyosarcomas, 530 531 535 1006 1656 1657 
alveolar, 1318 1319 1320 1321 1320 1321 
embryonal, 1009 1010 1317 1318 1319 
esophageal, 865 
eye orbit with, 1515 
metastatic, 1223 1223 1224 
pediatric metastatic to bone of, 1370 1371 
pleomorphic, 1321 
prostate, 1275 

retroperitoneum with, 1497 1498 

skeletal muscle lesions as, 1317 1318 1319 1320 1321 1319 1320 1321 
urothelial tumors with, 815 816 
Rhabdosarcomas, 1298 
Rheumatoid arthritis 
effusions with, 940 941 942 943 941 
respiratory tract, 631 
synovial fluid disorder with, 1047 1048 
Rheumatoid granuloma, respiratory tract, 624 625 626 
Rhinoscleroma, larynx, 727 
Rhinosporidiosis, 616 
nasopharynx epithelial lesions with, 731 
Rhodococcus equi, 606 624 
Ribonucleic acid. See RNA 
Ribonucleic proteins (RNP), 33 
Ribose, 58 

Ribosomal RNA(rRNA), 36 
Ribosomes, 35 36 
attached, 35 
free, 35 
Riedel's struma 
thyroiditis with, 1157 
Ring formation, chromosomes, 105 
RNA 33 46 47 58 75 
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antisense probes of, 293 
interference (iRNA), 64 
messenger (mRNA), 59 59 75 
probes 

in situ hybridization with, 70 
translation, 60 61 61 
molecular structure of, 59 
molecules 

double-stranded, 64 
ribosomal (rRNA), 36 
splicing, 75 

transfer (tRNA), 61 61 76 
RNR See Ribonucleic proteins 
Robertsonian translocation, 105 

Romanowsky-type stains, staining of aspirated material with, 1066 
Rosai-Dorfman disease, sinusoidal expansion of lymph nodes with, 1197 
Rosette formation 
brain tumors with, 1535 
Ewing's sarcoma/PNET with, 1364 
nasopharynx lesions with, 733 
Rothmund-Thomson syndrome, 1344 

Round cell liposarcomas, adipose tissue, 1313 1314 1315 1316 

Roundworms. See Nematodes 

Routine cervicovaginal samples, 423 

RR. See Radiation response, cervix 

rRNA. See Ribosomal RNA 

RSV See Respiratory syncytial virus 

RT-PCR. See Reverse transcriptase polymerase chain reaction 
Rubella. See Measles 
Ruge, C, 6 

Russell bodies, follicular hyperplasia with, 1190 
Russel's bodies, 126 
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SI 00 protein, 1654 

Saccomanno's fixation, 1572 1579 1580 1581 1580 

Saccomanno's technique, bronchogenic carcinoma diagnosis with, 647 

Salivary duct carcinoma, 549 1243 1252 1253 1253 1254 

Salivary glands, 569 1229 1230 1231 1232 1233 1234 1235 1236 1237 1238 1239 

1240 1241 1242 1243 1244 1245 1246 1247 1248 1249 1250 1251 1252 1253 1254 

1255 1256 1257 1258 

anatomic/histologic considerations, 1229 1230 1231 1230 1231 
ectopic salivary gland, 1229 1230 1231 1231 
minor salivary glands, 1229 
parotid, 1229 1230 
sublingual gland, 1229 1230 
submandibular gland, 1229 1230 

benign lesions of, 1232 1233 1234 1235 1232 1233 1234 1235 
acute sialoadenitis, 1233 1234 
benign lymphoepithelial cysts, 1233 1233 
chronic sialoadenitis, 1233 
cystic lesions, 1232 1233 1232 1233 
granulomatous sialoadenitis, 1233 1234 
myoepithelial sialoadenitis, 1234 1235 
necrotizing sialometaplasia, 1234 1235 
solid lesions, 1233 1234 1235 1234 1235 

benign neoplasms of, 1235 1236 1237 1238 1239 1240 1241 1242 1243 1236 1237 
1238 1239 1239 1240 1241 1242 1243 
basal cell adenoma, 1236 1240 1241 1242 1243 1242 1243 
capillary hemangiomas, 1243 
intraductal papilloma, 1243 
monomorphic adenoma, 1236 1240 
myoepithelioma, 1243 
oncocytoma, 1236 1240 1241 
oncocytosis, 1240 

pleomorphic adenoma, 1235 1236 1237 1238 1236 1237 1238 1239 
Warthin's tumor, 1236 1238 1239 1240 1239 1240 

P.I-43 

cytologic diagnosis accuracy, 1258 1258 
cytology of normal, 1231 1232 
indications for FNA 1231 
complications in, 1231 

malignant tumors of, 1243 1244 1245 1246 1247 1248 1249 1250 1251 1252 1253 
1254 1255 1256 1243 1244 1245 1246 1247 1248 1248 1249 1250 1251 1252 1253 



3239 / 3276 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 



S 



1254 1253 1254 1255 

acinic cell carcinoma, 1243 1247 1248 1249 1249 1249 

adenoid cystic carcinoma, 1243 1246 1247 1247 1248 

basal cell adenocarcinoma, 1249 1250 1250 

embryonal rhabdomyosarcoma, 1256 

epithelial-myoepithelial carcinoma, 1243 1252 1252 1253 

Ewing's tumor, 1256 

ex-pleomorphic adenoma, 1249 1250 

fibrosarcomas, 1256 

lymphoepithelial carcinoma, 1255 1255 

lymphoid lesions, 1255 1256 

lymphoma, 1243 1256 

mucinous (colloid) adenocarcinoma, 1254 

mucoepidermoid carcinoma, 1243 1244 1245 1246 1243 1244 1245 1246 
myoepithelial carcinoma, 1252 
papillary carcinoma, 1254 1255 
pilomatrixoma, 1256 

polymorphous low-grade adenocarcinoma, 1243 1250 1251 1252 1251 1252 
salivary gland duct carcinoma, 1243 1252 1253 1253 1254 
schwannomas, 1256 
squamous carcinoma, 1253 1254 
synoviomas, 1256 
undifferentiated carcinoma, 1254 
very rare tumors, 1256 
metastatic tumors to, 1256 1257 1257 
oral cavity with, 714 
Salpingoliths, 508 

Salvage cytology, gastrointestinal tract sampling, 848 
Saponin, 1546 
Saprophytes, 716 
Sarcoidosis 
breast, 1090 1102 

breast inflammatory lesions of, 1090 1102 
CSF with, 1027 
endometrium, 426 

granulomatous lymphadenitis with, 1196 
lower respiratory tract, 575 581 603 606 607 607 
lymph node, 1194 1196 1197 
salivary glands, 1233 1234 1235 
spleen with, 1421 
stomach, 872 
Sarcomas, general, 146 
angiosarcomas, 1223 1223 1225 1225 
of bladder, 815 816 
botryoid (cervix), 530 531 
breast, 1120 1121 1122 1121 1122 
clear cell, 1007 1223 1223 1224 
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differential diagnosis of spindle-cell, 689 

effusions with, 1005 1006 1007 1008 1006 1007 

endometrial stromal, 531 532 

epithelial, 1223 1223 1224 1225 1224 

epithelioid, 532 

esophageal, 865 

Ewing's, 1223 1223 

eye orbit with, 1515 

immunohistochemistry of, 1644 

Kaposi's, 688 689 1007 1223 1223 1225 

leiomyosarcoma, 1006 

leiomyosarcomas (female genital tract), 687 688 688 
leiomyosarcomas (lung), 687 688 688 
lymphangiomyomatosis with, 689 

malignant fibrous histiocytomas, 688 689 689 1007 1309 
metastatic uterine, 1007 
osteogenic, 1006 1007 1007 
percutaneous needle aspiration with, 688 
pleomorphic liposarcoma, 1007 
rare liver tumors, 1411 1412 1413 
rhabdomyosarcomas, 530 531 1006 1223 1223 1224 
soft tissues with, 1005 
spindle cell, 1005 1006 1006 
spindly cancer cells mimicking, 697 
sputum with, 688 
synovial, 688 1223 1223 
ulcerative tracheobronchitis with, 689 
Wegener's granulomatosis with, 689 
Sarcoptes scabiei, skin, 1287 
Satellite, 93 

Scanning electron microscopy, 24 24 
Scanning-tunneling microscopy, 24 
SCC. See Small-cell carcinoma 
Schauenstein, Erwin, 5 
Schaumann's bodies, 606 
Schiller-Duval bodies, 507 
Schiller's test, 186 374 

Schistosoma hematobium (Bilharzia), 275 276 276 762 804 
female genital tract, 275 276 276 
bladder, 762 804 
Schistosoma japonicum, 275 
Schistosoma mansoni, 275 276 
Schistosomiasis, 764 
Schottlander, J., 5 

Schwannomas, 1256 1529 1540 1540 
mediastinum of, 1376 1384 1385 
peripheral nerves lesions, 1324 1325 
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SCLC. See Small cell lung cancer 
Scleroderma (Progressive systemic sclerosis), 942 943 
Sclerosing hemangioma, 626 626 
Sclerosing lymphocytic lobulitis, breast, 1091 
Sclerosing mediastinitis, granulomatous lymphadenitis, 1195 
Screw-needle biopsy, 576 
Seborrheic keratoses, skin, 1289 
Secondary amenorrhea, 233 
Secondary constriction, chromosomes, 93 
Secretory carcinomas 
breast, 1117 1118 
endometrium, 435 
Secretory epithelia, 123 
cytology of, 123 123 
histology, 122 123 

Secretory phase, of menstrual cycle, 192 193 194 
Sedimentation technique, CSF with, 1617 1618 1618 
Self-administered pipette, for cancer detection, 223 
Seminal vesicle cells, 215 216 1267 
Seminomas 

anaplastic (testis), 1279 1280 1280 
cytology of, 1278 1279 1279 1280 

germ cell tumors of testis, 1278 1279 1280 1281 1279 1280 1281 
mediastinum, 1383 1384 
spermatocytic, 1280 1281 1281 
typical, 1278 

Sensitivity response (SR), cervix, 561 
Sentinel lymph nodes, 14 
breast cytologic prognostication with, 1130 
Serotonin, 539 

Serous adenocarcinomas, cervix, 411 

Serous adenocarcinomas, ovary, peritoneal washings with, 520 521 520 

Serous carcinoma, endometrium, 430 434 435 435 

Serous cystadenoma, pancreas, 1435 1436 1437 1437 1438 

Serous papillary endometrial carcinoma, 523 524 

Sertoli cell tumors, 1282 

Sertoli cells, testis anatomy with, 1276 

Sertoli-Leydig cell tumors, 234 

Sex chromatin, 578 

Sex chromatin abnormalities, in females, 166 166 
Sex chromatin body, 46 165 See also Barr bodies 
extra, 102 
origin of, 101 102 

sex chromosome abnormalities, 98 99 100 101 102 100 101 
Sex chromosome(s), 98 
Sex cord tumor, ovary, 506 
Sex determination, 98 
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Sexually transmitted diseases in uterine cervix carcinoma, 285 
Sezary's syndrome, 1210 1211 1212 
Shorr's stain, 1608 
Sialoadenitis 
acute, 1233 1234 

P.I-44 

chronic, 1233 

granulomatous, 1233 1234 
myoepithelial, 1234 1235 
Siderocytes, 600 

Signet-ring cancer cells, gastrointestinal tract, 876 877 

Signet-ring cell carcinoma, pancreas, 1445 

Signet-ring cells, endometrium, proliferative disorders with, 424 

Single-grip syringe, 575 

Single-nucleotide polymorphism (SNP), 75 

Sinusitis, chronic, 590 

Sister Mary Joseph's nodule, 1298 1299 1300 1299 
Situs inversus, 590 

Skeletal muscle lesions, 1317 1318 1319 1320 1321 1319 1320 1321 

Skin, 1286 1287 1288 1289 1290 1291 1292 1293 1294 1295 1296 1297 1298 1299 

1300 

bullous diseases of, 1288 1288 
histology of, 1286 1287 1287 
inflammatory disorders of, 1287 1288 1287 
African trypanosomiasis in, 1287 
bacterial infections in, 1287 1288 
cat scratch disease in, 1288 
Demodex folliculorum in, 1287 
fungal/parasitic infections in, 1287 1287 
Leishmania donovani in, 1287 
molluscum contagiosum in, 1288 
Sarcoptes scabiei in, 1287 
tuberculosis in, 1287 
viral disorders in, 1288 

metastatic tumors, 1298 1299 1300 1298 1299 
Sister Mary Joseph's nodule as, 1298 1299 1300 1299 
primary neoplasms of, 1289 1290 1291 1292 1293 1294 1295 1296 1297 1298 1290 
1291 1292 1293 1294 1296 1297 1298 
alveolar soft part sarcoma, 1298 
basal cell carcinoma, 1292 1293 1292 
benign, 1289 1290 1291 1292 1290 1291 
Bowen's disease, 1294 1295 

common malignant tumors, 1292 1293 1294 1292 1293 1294 
dysplastic nevi, 1296 

epidermal precancerous lesions, 1294 1295 
leiomyosarcoma, 1298 
lymphoepithelioma-like carcinoma, 1297 
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malignant lymphomas, 1297 

malignant melanoma, 1295 1296 1296 

Merkel cell carcinoma, 1296 1297 1297 

myxoliposarcomas, 1298 

pilomatrixoma, 1290 1291 1292 1291 

rhabdosarcomas, 1298 

seborrheic keratoses, 1289 

skin adnexa benign tumors, 1289 1290 1290 

solar keratoses, 1294 

squamous carcinoma, 1293 1294 1293 1294 
uncommon tumors of skin/adnexa, 1297 1298 
rare benign disorders of, 1288 1289 1289 
amyloidosis, 1288 
endometriosis, 1288 1289 1289 
subcutaneous fat necrosis, 1288 
sampling methods for, 1286 1287 1287 
Diff-Quik stain in, 1286 
FNAin, 1287 

scrape smears in, 1286 1287 1287 
Skin adnexa, benign tumor of, 1289 1290 1290 
Skin lesions, HPVin, 297 
SLE. See Systemic lupus erythematosus 
Small cell lung cancer (SCLC), 1558 
Smalllymphocytic lymphoma, 1200 1201 1200 1201 1206 
Small-caliber (fine) needles, 9 10 

Small-cell carcinoma (SCC), lung, 626 655 656 657 658 659 700 
breast, 1118 1119 

brochogenic in effusions, 982 983 984 984 
clinical features of, 655 656 
intermediate type of, 658 659 658 
bronchial brushings with, 659 
cytology with, 659 
diagnostic error with, 659 
fine-needle aspirates with, 659 
histology with, 658 

metastasizing to lymph nodes, 1220 1221 1222 
neuroendocrine (cervix), 472 
oat cell type of, lung, 656 657 658 657 658 
Azzopardi effect with, 656 
bronchial brush specimens for, 657 658 
cytology in, 656 657 
histology in, 656 657 

percutaneous fine-needle aspirates for, 658 658 
prostate, 1275 
urothelial, 813 814 

Small-cell lymphomas, 996 997 999 1000 
gastric, 883 884 



3244 / 3276 



s 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 

Small-cell tumors 
metastatic to liver, 1415 

Small-cell undifferentiated carcinoma, 1443 1444 1445 1444 
Smear methods, 436 
air-dried, 1572 
cervical, 222 223 222 442 

cervicovaginal, 8 9 229 318 319 320 321 322 323 324 325 318 319 320 321 322 
323 324 509 510 509 510 562 563 
cotton swab, 222 222 
direct endometrial, 447 

fixation of, 1570 1571 1572 1573 1570 1571 
fixation/staining of aspirated material with, 1066 1067 1067 
aspirates' liquid processing in, 1066 1067 
cell blocks in, 1067 
hematoxylin-eosin in, 1066 1067 
May-Grunwald-Giemsa in, 1066 1067 
Papanicolaou stain in, 1066 1067 
rapid staining techniques in, 1066 
Romanowsky-type stains in, 1066 
special studies preparation in, 1067 
glass slide preparation for, 1576 1577 1578 
gelatin chrome alum coating with, 1578 
Mayer's albumin coating with, 1576 1577 
poly-L-lysine coating with, 1578 
model for learning technique for FNA 1073 
pleural/peritoneal effusion preparation in, 1581 1582 1583 1582 
preparation techniques for, 1064 1065 1066 1064 1065 1066 
material diluted with blood/fluids in, 1065 1066 1065 1066 
two-step technique in FNA, 1065 
screening/marking techniques for, 1626 1627 1627 
Smegma, uterine cervix carcinoma risk with, 285 286 
Smooth muscle lesions, soft tissue, 1316 1317 1318 
Smooth-muscle cells, 48 
SNP. See Single-nucleotide polymorphism 
Soderstrom, Nils, 10 

Soft part sarcoma, benign lesions mimicking, 1333 1334 1335 1336 1335 

Soft tissue lesions, 1302 1303 1304 1305 1306 1307 1308 1309 1310 1311 1312 1313 

1314 1315 1316 1317 1318 1319 1320 1321 1322 1323 1324 1325 1326 1327 1328 

1329 1330 1331 1332 1333 1334 1335 1336 

adipose, 1309 1310 1311 1312 1313 1314 1315 1316 1314 1315 1316 
lipoma as, 1309 1310 1311 1312 1313 1314 1315 1316 
liposarcomas as, 1313 1314 1315 1316 1314 1315 1316 
myxoid liposarcomas as, 1313 1314 1315 1316 1315 1316 
pleomorphic liposarcomas as, 1316 
round cell liposarcomas as, 1313 1314 1315 1316 
well-differentiated liposarcomas as, 1313 1314 
biopsy techniques of, 1303 
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needle aspiration cytology with, 1303 

fibrous/fibrohistiocytic, 1305 1306 1307 1308 1309 1307 1308 1310 1311 1312 
dermatofibrosarcoma protuberans, 1306 1307 1308 
fibromatoses, 1306 1307 
fibrosarcoma, 1307 1308 1309 1310 
fibrous histiocytoma, 1305 1306 
malignant fibrous histiocytoma, 1309 1311 1312 
malignant lesions, 1306 1307 1308 1309 1308 1310 1311 1312 

P.I-45 

miscellaneous tumors of, 1327 1328 1329 1330 1331 1332 1333 1334 1335 1336 
1329 1330 1331 1332 1334 1335 
alveolar soft part sarcoma, 1333 1334 

benign lesions mimicking soft part sarcoma, 1333 1334 1335 1336 1335 
clear cell sarcoma, 1329 1330 1331 1332 1333 1332 
desmoplastic small cell tumor, 1336 
epithelioid sarcoma, 1327 1328 1329 1331 
myositis ossificans, 1336 
nodular fascitis, 1333 1334 1335 1335 
synovial sarcoma, 1327 1329 1330 
molecular biology of, 1303 1304 1305 1304 1304 1305 
peripheral nerves, 1324 1325 1326 1327 1325 1326 1327 1328 
malignant peripheral nerve sheath tumor, 1324 1325 1326 1327 1328 
neurofibroma, 1324 1327 
schwannoma, 1324 1325 

skeletal muscle, 1317 1318 1319 1320 1321 1319 1320 1321 
alveolar rhabdomyosarcomas, 1318 1319 1320 1321 1320 1321 
embryonal rhabdomyosarcomas, 1317 1318 1319 
pleomorphic rhabdomyosarcomas, 1321 

rhabdomyosarcomas, 1317 1318 1319 1320 1321 1319 1320 1321 
smooth muscle tumors, 1316 1317 1318 
leiomyosarcoma, 1317 1318 
vascular, 1321 1322 1323 1324 1323 
angiosarcoma, 1322 1323 1324 1323 
hemangioma, 1322 
Kaposi's sarcoma, 1322 
Soft tissue sarcomas, effusions, 1005 
DNA histogram and prognosis with, 1729 
Solar keratoses, skin, 1294 

Solid and cystic-papillary epithelial neoplasm (SPEN). See Solid pseudopapillary tumor 
Solid pseudopapillary tumor, pancreas, 1450 1451 1452 1451 
cytology of, 1451 1452 
histology of, 1451 1451 

Solitary fibrous tumor, mediastinum, 1384 1385 1386 
Solitary squamous papilloma, cervix, 332 333 
Somatostatin, 1653 

medullary carcinoma of thyroid with, 1167 
Somatostatinoma, pancreas, 907 
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Southern blotting, 68 69 72 75 
Spectral karyotyping (SKY), 111 112 
SPEN. See Solid pseudopapillary tumor 
Spermatocyte, 97 

Spermatogenesis, evaluation of, 1275 1276 1277 1278 1276 
Spermatozoa, 215 216 296 1275 1276 1277 1278 
uterine cervix carcinoma risk with, 285 286 
S-phase. See Synthesis phase 
Spindle cell carcinomas 
breast, 1118 1119 
cervix, 436 535 538 539 
lung, 647 670 671 672 673 674 670 
urothelial, 814 

Spindle cell sarcomas, 1005 1006 1006 
CSF tumors, 1032 1033 1034 1034 
Spindle fibers, 87 88 

Spindly cancer cells mimicking sarcoma, lung, 697 
Spindly squamoid cells, cervix, 327 
Spiral (helical) CT screening, lung cancer with, 682 683 
Spirochaeta pallida, CNS lesions with, 1527 1527 
Spirochetes, CNS lesions with, 1527 1527 
Spleen, 1419 1420 1421 1422 1423 1424 
amyloidosis/lysosomal storage diseases of, 1421 1422 1422 
anatomy/histology of, 1419 1420 1420 

aspiration biopsy targets for, 1421 1422 1423 1424 1422 1423 1424 
benign conditions, 1421 
cysts, 1421 
hamartomas, 1421 
sarcoidosis, 1421 

hematologic disorders affecting, 1422 1423 1422 1423 
leukemias, 1422 1423 1423 
malignant histiocytosis, 1423 
malignant lymphomas, 1423 
myeloid metaplasia, 1422 1422 
plasmocytoma, 1423 
indications for, 1419 
infectious disorders of, 1421 
bacterial, 1421 
fungal, 1421 

metastatic cancer with, 1424 1424 
methods for, 1419 
parasitic disorders of, 1421 
splenomegaly causes, 1420 1421 
vascular tumors of, 1424 
angiosarcomas, 1424 
Splendore-Hoeppli phenomenon, 266 
Splenomegaly, 1419 1420 1421 



3247 / 3276 



s 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 

Sporotrichosis, 616 
Spray fixatives, 17 1571 
Spring-loaded puncture device, ovary, 493 493 
Sputum, 573 574 621 622 624 
bronchial brush specimens vs, 653 
bronchogenic carcinoma cytology in, 674 675 
lung tumors cytology with, 705 
lung tumors diagnosis with, 645 653 
sarcomas with, 688 

Squamocolumnar junction, carcinogenis, cervix, 298 299 
of uterine cervix, 189 190 191 
Squamous cancer, oral cavity 
precursor lesions of, 721 722 723 722 723 724 
atypical leukoplakia with, 722 

clinical presentation/histology with, 722 723 722 723 724 

cytology with, 723 

erythroplakia with, 722 

keratinizing, 723 

nonkeratinizing, 723 

Squamous carcinoma in situ, lung, 670 671 
cytology of, 676 677 678 678 679 
Squamous carcinomas. See specific organs 
Squamous cells, 577 929 
Squamous epithelium. See specific organs 

Squamous intraepithelial lesions, cervix (SIL), 346 See also Flat precursor lesions; High-grade 
squamous intraepithelial lesions; Low-grade squamous intraepithelial lesions 
cytolysis with, 348 348 
immunodeficient women's, 352 

postmenopausal atrophy with, 348 349 350 349 350 351 
postmenopausal women, 349 350 350 351 
pregnancy with, 350 351 353 
teenagers, 351 352 365 

uterine cervix carcinoma with, 348 349 350 351 352 348 349 350 351 352 353 
Squamous metaplasia, bronchus 
with atypia in, 675 676 675 
cytology of, 675 675 
differential diagnosis of, 676 
markers of progression of, 676 
cytology of, 594 594 
of endocervical epithelium 
cytology of, 245 
definition of, 243 244 
histology of, 244 245 244 
pathogenesis of, 244 
HGSIL, cervix, 341 342 343 
intraepithelial lesions, cervix, 340 341 342 
lower respiratory tract, 593 594 594 627 



3248 / 3276 



s 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 
lower urinary tract, 764 

Squamous papilloma of bladder, 811 See also Urothelial tumors 
Squamous papillomas 
of bronchi, 691 692 691 
eye lid, 1511 
larynx, 727 

Squamous pearls, 288 332 651 
HGSIL with, 339 
SR. See Sensitivity response 
St. Louis virus, 1525 

Staining techniques, 22 65 1592 1593 1594 1595 1596 1597 1598 1599 1600 1601 
1602 1603 1604 1605 1606 1607 1608 1609 1610 1611 1612 1613 1614 1615 1616 
1617 1593 1594 1595 1596 1597 1598 1600 1602 1603 1604 1606 1607 
carbohydrates, 1612 1613 
Mayer's mucicarmine, 1613 
periodic acid-Schiff reaction, 1612 1613 

R 1-46 

Weigert's iron hematoxylin, 1612 1613 
coverslipping with, 1603 1604 1605 1604 
destaining slides, 1601 1602 1603 
factors influencing results, 1598 1599 
flow cytometry, 1617 1716 1717 
acridine orange stain in, 1617 
propidium iodide stain in, 1617 
FNA rapid stains, 1616 1617 
Diff-Quik, 1617 
methylene blue, 1616 
thionin blue, 1616 
toluidine blue, 1616 1617 
hematologic stains, 1615 1616 
Giemsa stain, 1615 
May-Grunwald-Giemsa stain, 1616 
Wright-Giemsa stain, 1615 1616 
Wright's stain, 1615 
hematoxylin-eosin, 1607 1608 
histologic sections staining, 1607 1608 
hormonal evaluation, female, 1608 
Rakoffs method, 1608 
Shorr's stain, 1608 
lipids stains, 1614 
fat stain, 1614 
oil red, 1614 
Sudan black B, 1614 

microorganisms/parasites stains, 1610 1611 1612 
Gram's stain, 1612 
Gram-Weigert stain, 1611 1612 
Grocott's method, 1611 
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methenamine-silver stain, 1611 
mounting cell samples, 1603 1603 
nucleic acid stains for, 1614 1615 
Feulgen stain, 1614 

Kurnick's methyl green-pyronin variant, 1615 
Papanicolaou stain, 1592 1593 1594 1595 1596 1597 1598 1593 1594 1595 1596 
1597 1598 

materials required, 1596 

modifications of, 1592 1593 1594 1595 1596 1593 1594 1595 
preparation of, 1596 1597 1598 1596 1597 1598 
trouble-shooting with, 1302 1599 1600 1601 1600 
ultrafast, 1601 

pigments stains, 1609 1610 
ferrous ion uptake for melanin, 1610 
Fouchet's method for bile, 1609 
Prussian blue reaction (iron), 1610 
sex chromatin identification, 1608 1609 
Start codon, 75 

Stein-Leventhal syndrome, 233 234 432 
Stem cells, 126 
embryonal, 79 

Stereotactic needle biopsy, breast, accuracy, 1125 1126 1127 
adequacy of smears, 1126 

mammary aspiration smear reporting with, 1126 1127 
Steroid hormone effects 
on squamous epithelium 
of genital tract, female, 228 229 
Steroid hormones, 424 
formation mechanisms of 
on ovarian target cells, 228 
in ovaries, 228 
on target cells, 228 
Stewart, Fred W., 10 
Sticky ends, 64 75 

Stomach, 866 867 868 869 870 871 872 873 874 875 876 877 878 879 880 881 882 

883 884 885 886 887 888 867 869 870 871 874 875 876 877 879 880 881 882 883 

884 

anatomy of, 866 

benign gastric disorders of, 868 869 870 871 872 873 869 870 871 
aspirin gastritis, 870 871 871 
chronic atrophic gastritis, 871 872 
fungi, 868 

gas cysts of intestine, 872 
gastric amyloidosis, 872 
gastric peptic ulcer, 869 870 870 
gastric syphilis, 872 
gastric tuberculosis, 872 
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gastritis, 868 869 

granulomatous inflammatory lesions, 872 
malakoplakia, 872 
Menetrier's disease as, 872 876 
parasites as, 868 869 
pernicious anemia as, 872 873 
treatment caused gastric atypias as, 873 
viruses as, 868 
benign gastric tumors of, 873 
carcinoma of, 873 874 875 876 874 875 876 877 
adenocarcinoma (diffuse type) cytology with, 875 876 876 877 
adenocarcinoma (intestinal type) cytology with, 874 875 875 
classification/histology with, 873 874 874 
clinical presentation for, 873 
colloid, 876 

cytology of, 867 868 881 882 883 874 

differential diagnosis, 875 

epidemiology of, 873 

mixed types of, 876 

rare types of, 876 

squamous, 876 

gastric epithelium histology, 866 867 867 869 
gastric lymphoma, 883 884 885 884 
diagnostic cytology, 884 885 
Hodgkin's lymphoma, 884 
large-cell, 883 884 885 884 
MALT, 883 884 
small-cell, 883 884 
gastric polyps, 873 

gastrointestinal stromal tumors, 885 886 887 885 
malignant gastric tumors, 873 874 875 876 874 875 876 877 
precursor lesions for (gastric carcinoma), 877 878 879 880 881 879 880 881 882 
cytology of, 879 880 881 880 881 882 
endoscopic presentation of, 878 879 879 
gastric epithelium dysplasia as, 878 879 881 882 
superficial carcinoma as, 878 879 880 881 880 881 
rare malignant tumors, 887 888 
Stomatitis, diffuse, 716 
Stones. See also Urinary calculi 
bile, 900 
Stop codon, 75 
Storage diseases, 39 
cell injury and, 136 137 
Strongyloides stercoral is 
effusions, 934 
lung, 586 622 623 
Student's t-test, 1 693 
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Sturge-Weber syndrome, 1488 
Subareolar abscess, breast, 1089 1090 
Subependymomas, brain, 1534 
Sublingual glands, 1229 1230 
Submandibular glands, 1229 1230 
Suppressor gene, 75 
SurePath method, 1574 
Surgical procedures 
bladder tumors treatment with, 830 
cervicovaginal smears and, 229 
Susceptibility genes, 154 
Suspicious smears, cervix, 373 
Sweat gland adenoma, 479 
Swimmers' itch, 762 

Swiss cheese hyperplasia, endometrium, 432 433 
Synaptophysin, 539 1486 1653 
Synchronous carcinoma, bladder/prostate, 813 814 
Synchronous squamous and adenocarcinoma, cervix, 408 409 409 410 
cytology of, 409 409 410 
Syncytia, 135 136 
Syncytiotrophoblasts, 210 214 
Synovial fluid, 1045 1046 1047 1048 1049 
malignant tumors in, 1048 1049 1049 

nonmalignant disorder cytology in, 1045 1046 1047 1048 1046 1047 1048 1049 
disseminated lupus erythematosus, 1048 
ganglion cysts, 1045 
gout/pseudogout, 1048 1049 
inflammatory disorders, 1045 1046 
rheumatoid arthritis, 1047 1048 
villonodular synovitis, 1046 1047 1046 1047 1048 
normal, 1045 
Synovial sarcomas 
lung, 688 700 
metastatic, 1223 1223 
soft tissue of, 1327 1329 1330 
Synoviomas, 1256 

Synthesis phase (S-phase), 45 57 81 
Syphilis, 267 268 933 
CNS lesions with, 1527 
gastric, 872 
Syringoma, 530 

Syringomyelia, CSF cytology, 1029 

P.I-47 

Systemic lupus erythematosus (SLE) 
effusions, 939 940 941 939 
follicular hyperplasia with, 1190 1191 
synovial fluid, 1048 
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T lymphocytes, 125 126 127 128 161 581 1187 
subtypes of, 127 
Tadpole cells, 326 
HGSIL with, 339 
Taenia echinococcus, 277 
Taenia saginata, Til 
Taenia solium, Til 
CNS lesions with, 1527 1527 
Tamoxifen 

endometrial adenocarcinoma and, 429 430 429 
squamous epithelium and, 238 239 
therapy, 549 
Tandem repeats, 70 
Tao brush, 461 
Tapeworms. See Cestodes 
Taq polymerase, 71 
Target DNA, 71 

TAT. See Tyramide amplification technique 
TATA box, 63 63 

Taxonomic intracellular analysis system (TICAS), 1681 
Tay Sachs disease, 39 

TBFNA SeeTransbronchial fine-needle aspiration 

T-celllymphomas, lymph nodes, 1210 1211 1212 1212 See also other organs 
Techniques. See Laboratory techniques 
Telecytology, 16 24 
Telepathology, 24 

Telomerase activity, urothelial tumors monitored with, 835 
Telomerases, 155 
Telomeres, 81 147 

Telophase, 81 87 88 89 90 89 90 91 

Telophase pattern, 166 

Template, 76 

Tenascin, cervix, 353 

Teratomas 

germ cell tumors of testis, 1278 1281 
mediastinum tumors of, 1382 1383 1382 1384 
ovary, 504 

Terminal Bronchiolar carcinoma. See Bronchioloalveolar carcinoma 
Terminal plate, 28 571 
Testicular tumors, 1007 
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Testis, 1275 1276 1277 1278 1279 1280 1281 1282 1283 
anatomy/cytology of, 1275 1276 1276 
interstitial cells in, 1276 
Leydig cells in, 1276 
Reinke's crystalloids in, 1276 
Sertoli cells in, 1276 
inflammatory lesions of, 1277 1278 
acute orchitis, 1277 
chronic orchitis, 1277 
granulomatous orchitis, 1277 
spermatogenesis assessment with, 1276 1277 1278 

tumors of, 1278 1279 1280 1281 1282 1283 1278 1279 1280 1281 1282 1283 1284 
embryonal carcinoma, 1278 1281 

germ cell, 1278 1279 1280 1281 1278 1279 1280 1281 
leukemia, 1282 1283 
Leydig cell, 1282 1282 
paratesticular, 1283 

primary testicular lymphomas, 1282 1282 
seminoma, 1278 1279 1280 1281 1279 1280 1281 
Sertoli cell, 1282 
teratomas, 1278 1281 
Tetraploidy, 102 
Theca cells, 491 494 
tumors, 234 504 
Thermal cyclers, 71 

Thermal injury, lower respiratory tract, 627 
Thiersch, Karl, 5 

Thin-needle aspiration biopsy. See Fine needle aspiration biopsy (FNA) 

ThinPrep method, 1574 796 
Thionin blue stain, 1616 
Thiotepa, 563 

Thoracic duct, circulating cancer cells in, 1561 1561 
Thorotrast, 1404 
Thrush, 616 

Thymic carcinoid, mediastinum, 1379 1380 
Thymic carcinoma, mediastinum, 1376 1379 1380 
Thymic hyperplasia, mediastinum, 1376 1376 
Thymine, 56 

Thymoma, 146 1007 1008 
Thymomas 

cytology of, 1378 1378 1379 
histology of, 1377 1378 1377 1378 1379 
hypogammaglobulinemia with, 1376 
lung, 703 703 
malignant, 1379 1380 

mediastinum, 1376 1377 1378 1379 1376 1377 1378 1379 1380 
myasthenia gravis with, 1376 
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pancytopenia with, 1376 
Thymonucleic acid, 55 
Thymus, 127 1375 1376 

Thyroglossal duct cysts, neck masses as, 1178 1179 1179 

Thyroid, 1148 1149 1150 1151 1152 1153 1154 1155 1156 1157 1158 1159 1160 1161 
1162 1163 1164 1165 1166 1167 1168 1169 1170 1171 1172 1173 1174 1175 1176 
anaplastic carcinoma of, 1169 1170 
aspiration biopsy for, 1148 1149 1150 
adequacy of, 1149 1150 
Diff-Quik in, 1149 1153 1168 1168 
Papanicolaou stain in, 1149 
techniques with, 1149 

aspiration biopsy reporting, 1175 1176 1176 
FNA accuracy, 1175 1176 1176 
aspiration technique problems with, 1067 1068 1068 
aspirations in children, 1173 
circulating tumor cells and, 1559 
cysts, 1152 1153 
cytology of, 1 1 53 
histology of, 1152 1153 

follicular tumors of, 1157 1158 1159 1160 1159 1160 1161 
cytology, 1159 1160 1159 1160 1161 
histology, 1157 1158 1159 
goiters, 1151 1152 1152 1153 1154 
cytology, 1151 1152 1152 1153 1154 
histology, 1151 

Hurthle cell tumors of, 1158 1160 1161 1162 1162 1163 
cytology of, 1 1 62 
differential diagnosis of, 1158 
histology of, 1160 1161 1162 1163 
hyperthyroidism (Graves disease), 1155 1155 
infarction of, 1161 
intracytoplasmic lumens with, 1162 
malignant lymphomas of, 1171 1172 1173 

medullary carcinoma of, 1158 1167 1168 1169 1169 1170 1171 1172 
amyloidosis in, 1169 
bombesin with, 1167 
calcitonin with, 1167 1169 
cytology with, 1168 1169 1169 1170 1171 1172 
differential diagnosis of, 1158 
familial multiple endocrine neoplasia with, 1167 
histology with, 1167 1168 
melanotic variant of, 1169 
MGG stains for, 1168 
neuroendocrine granules in, 1167 
prophylactic thyroidectomy for, 1 1 67 
somatostatin with, 1167 



3256 / 3276 



T 



Koss' Diagnostic Cytology & Its Histopathologic Bases, 5th Ed 

metastatic tumors, 1173 1174 1175 1174 1175 
normal structure of, 1150 1151 1150 1153 
anatomy of, 1 1 50 
clinical findings of, 1151 
painful thyroid, 1151 

papillary carcinoma of, 1158 1162 1163 1164 1165 1166 1167 1164 1165 1166 1167 
1168 

clinical data/histology, 1162 1163 
cystic, 1165 

cytology of, 1163 1164 1164 1165 1166 1167 
differential diagnosis of, 1158 
follicular variant of, 1165 1166 1168 
oxyphilic variant of, 1166 
sclerosing variant of, 1167 
tall-cell variant of, 1164 1166 
Warthin's-like variant of, 1166 
during pregnancy/postpartum, 1172 
rare benign lesions of, 1172 
Langerhans cell histiocytosis as, 1172 

P.I-48 

rare malignant tumors of, 1170 1171 1173 
insular carcinoma, 1170 
mucoepidermoid carcinoma, 1171 
osteoclastoma variant, 1170 1173 
sclerosing variant, 1171 
squamous carcinoma, 1170 1171 

thyroiditis with, 1153 1154 1155 1156 1157 1155 1156 1157 1158 
acute, 1154 

chronic (De Quervain's), 1155 
granulomatous, 1155 1155 

Hashimoto's (lymphocytic), 1149 1155 1156 1157 1158 1159 1160 1161 1162 1163 
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tumor immunochemistry for, 1666 1667 1668 1666 1667 1668 
Thyroid carcinomas, metastatic in effusions, 990 992 
Thyroid transcription factor (TTF1), 1647 1661 
Thyroid tumors, DNA histogram and prognosis with, 1731 
TICAS. See Taxonomic intracellular analysis system 
Tick-borne encephalitis 
CSF cytology with, 1027 
Tissue biopsy, concept of, 6 
Toluidine blue stain, 374 375 1616 1617 
Tongue, 569 
Tonofibrils, 31 
Tonofilaments, 40 
Tonsils, 570 

Topical antibiotics, female genital tract therapy effects from, 555 
Total dye content (TDC), 1598 
Touton's cells, 128 
Toxoplasma, 268 
Toxoplasma gondii, 934 
CNS lesions with, 1527 1527 
Toxoplasmosis, granulomatous lymphadenitis with, 1195 
Trachea, 569 570 

epithelial lesions of, 729 730 731 730 
adenoid cystic carcinoma with, 730 731 
carcinomas with, 729 730 731 730 
epidermoid carcinoma with, 730 
repair reaction with, 729 
Tracheitis sicca, 595 595 

Transbronchial fine-needle aspiration (TBFNA), lung tumors diagnosis with, 646 652 653 
Transbronchial needle aspiration, 576 
Transcriptases, 59 59 62 
Transcription, 76 

Transcription factors, epithelial markers with, 1646 1647 1650 
Transduction, 76 
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Transfection, 76 

Transfer RNA(tRNA), 61 61 76 
Transformation zone, 298 299 300 
abnormalities of, 249 250 251 
of uterine cervix, 189 190 191 
Transgenic animals, 155 
Transhepatic needle aspiration, 903 

Transitional epithelium. See also Anus; bladder; urinary tract; urothelium 
Transjugular liver biopsy, 1418 
Translation, 76 

Translocation(s), chromosomes, 105 106 113 116 156 
effects of, 154 154 
reciprocal, 105 
Robertsonian, 105 
Transmembrane proteins, 25 41 
Transmission electron microscopy, 24 

Transrectal aspiration biopsy, prostate sampling with, 1263 1264 1265 1263 1264 
Transvaginal sonographic screening (TVS), ovarian carcinoma diagnosis with, 507 508 
Traut, Herbert, 7 
Treponema pallidum, 267 
Trichomonas buccalis, 622 
Trichomonas vaginalis, 257 258 762 934 
cytology of, female genital tract, 274 275 274 
effusions with, 934 
esophageal infections of, 851 
histology of, female genital tract, 272 273 274 
incidence of, female genital tract, 272 
lower urinary tract with, 762 
recognition of, 274 274 
Trichomoniasis, oral, 622 
Trichosporon, 900 
Trichuris trichiura, Til Til 
Trigone, bladder, 740 
Triple-Smear Method (VCE Smear), 223 
Trisomy 13 103 See also Patau syndrome 
Trisomy 18 103 See also Edwards syndrome 
Trisomy 21 93 102 102 See also Down's syndrome 
Trisomy syndromes, 103 
tRNA See Transfer RNA 
Tropherima whippelii (Whipples disease), 893 
Trophoblastic cells, 210 211 211 545 
Tropical sprue, 716 
Trypanosoma cruzi, 215 

Trypanosomiasis, CNS lesions with, 1527 1527 
Trypsin, 91 

TTF1. See Thyroid transcription factor 
T-tube bile drainage, 899 
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Tubal/tubo-endometrioid metaplasia, 345 
of endocervical epithelium 
cytology of, 247 
definition of, 246 
histology of, 246 247 246 
Tuberculosis, 583 592 604 605 606 
bladder, 754 

breast, 1089 1090 1091 1102 
cervix, 264 265 
CSF, 1027 
endometrium, 425 
gastric, 872 

nonmalignant effusions, 933 933 
retroperitoneum with, 1494 
skin, 1287 
spleen, 1421 

tubal obstruction from, 508 
Tubular carcinomas, radial scars, 1111 1112 1113 
Tubulin, 42 1643 

Tumor(s) (general discussion). See also Cancer 
benign, 144 145 146 144 145 145 
behavior of, 146 
causes of, 144 145 
classification of, 144 145 
cytologic features of, 145 146 145 
definition of, 144 

malignant, 146 147 148 149 148 
behavior of, 148 
causes of, 147 

chromosome abnormalities in, 110 111 
classification of, 145 146 
definition of, 146 

geographic distribution of, 146 147 
grading/staging of, 147 148 
oncogene overexpression in, 152 
risk factors of, 146 147 
spontaneous regression of, 148 
Type A cancer cells, 168 
Type B cancer cells, 168 
nomenclature of, 145 
Tumor clonality, 154 155 
Tumor ploidy, 436 See also specific organs 
Tumor suppressor genes, 144 152 153 
two hit theory, of cancer, 144 152 
TUNEL reaction, 132 156 See also specific organs 
Turner's syndrome, 98 232 233 
TVS. See Transvaginal sonographic screening 
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Two-tier neoplastic lesion, 335 

Tyramide amplification technique (TAT), 1641 

Tzanck cells, 479 1288 
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Ubiquitins, 290 
UEA1. See Ulexeuropaeus I 
UIN I. See Atypical urothelial hyperplasia 
Ulcer, gastric peptic, 869 870 870 
Ulcerative tracheobronchitis, 689 
Ulexeuropaeus 1 (UEA1), 1650 
Ultrasonography (US). See also Endoscopic ultrasound 
breast, 1082 1083 
kidneys, 1457 
liver, 1389 

pancreas diagnosis, 1428 
retroperitoneum, 1493 

P.I-49 

Umbrella cells, superficial (of urothelium), 746 747 748 747 

Unit membrane, 25 See also Cell membranes 

Upper airway, 569 

Uracil, 58 

Ureap/asma, 264 

Uremia in effusions, 938 

Ureters. See Urinary tract (upper) 

tumors. See also Renal pelvis tumors, 819 820 821 822 

Urethra 

anatomy of, 184 739 740 
prostatic utricle, 724 
tumors, benign, 822 823 
adenomatous polyp, 823 
caruncle, 823 

atypical stroma mimicking sarcoma, 823 
condylomata acuminata, 822 823 
HPV-associated, 823 
tumors, malignant, 823 824 824 
female, 823 824 824 
adenocarcinoma, 823 824 
in bladder cancer, 823 
male, 824 825 
in bladder cancer, 824 
prostatic utricle, adenocarcinoma, 824 826 
sqaumous carcinoma, 818 

Urinary bladder. See also Bladder; urinary tract tumors; urothelial tumors; urothelium 
Urinary calculi (lithiasis, stones). See Urinar tract 
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Urinary tract (lower) 
anatomy of, 739 740 

cytology of, 738 739 738 739 744 745 746 747 748 749 750 751 752 754 746 751 
forensic science application in, 739 
ileal bladder for, 765 766 766 822 

inflammatory processes within, 753 754 755 756 757 758 759 760 761 762 755 757 
758 759 760 761 762 
bacterial infections with, 753 754 755 755 
eosinophilic cystitis in, 756 
forms of, 755 756 
fungal infections in, 756 
granulomatous inflammation in, 755 
inflammatory pseudopolyp in, 755 756 
interstitial cystitis in, 756 

nonviral cellular inclusions in, 761 762 761 762 
parasites in, 762 

post bladder surgery granulomas in, 755 

viral infections in, 756 757 758 759 760 761 757 758 759 760 
leukoplakia of bladder epithelium with, 764 
malakoplakia of bladder with, 764 765 765 
clinical data/histology for, 764 765 765 
cytology of, 765 

Michaelis-Gutmann bodies in, 765 765 
metastases from adjacent organs, 826 827 828 
colon in, 826 828 
endometrium in, 826 828 
ovary in, 826 828 
prostate in, 826 
uterine cervix in, 826 

metastases from distant organs, 826 827 829 930 
organ transplantation monitoring, 770 771 772 773 771 772 
bone marrow, 770 771 771 
renal, 771 772 773 772 
polyomavirus, 756 757 758 759 760 761 
specimen collection methods, 744 745 746 745 
bladder washings, 744 745 753 753 
catheterized urine, 744 745 752 753 753 
cytocentrifuge, 744 
direct brushing procedure, 745 746 
direct sample processing, 746 
retrograde catheterization, 744 745 753 753 
voided urine, 744 745 752 753 

therapy induced cytologic changes, 766 767 768 769 770 767 768 769 
aspirin in, 770 

Bacillus Calmette-Guerin, 770 770 
busulfan, 769 770 

chemotherapy, 767 768 769 770 768 769 
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cyclophosphamide, 767 768 769 768 769 
immunotherapy, 770 770 
intravesical drug therapy, 770 
phenacetin, 770 
radiotherapy, 767 

surgical procedures, 766 767 767 
urinary calculi (Lithiasis, stones) with, 762 763 764 763 764 
abrasive effect voided urine, 763 763 764 
atypias of urothelial cells, 763 764 
clinical symptoms of, 762 763 
urinary sediment cellular components. See Urine 
Urinary tract (upper) 
anatomy, 739 740 

kidney parenchyma. See also Kidney; renal aspiration biopsy 
carcinoma (in urinary sediment), 837 838 839 838 
malignant lymphoma, 839 
nephroblastoma, 838 839 839 
transplant, monitoring, 771 772 773 772 
renal pelves/urters. See also Kidney, aspiration biopsy 
carcinoma 

adenocarcinoma, 818 

urothelial tumors, 817 818 819 820 821 818 819 820 821 822 
grading/prognosis, 818 
methods of investigation 
retrograde brushing, 745 746 
retrograde catheterization, 744 745 
ureterscopic biopsies, 821 822 
voided urine, 819 820 819 

urothelium normal, 740 741 742 743 741 742 743 742 
histology of, 740 741 742 741 742 
assymetric unit membrane, 741 742 
ultrastructural observations, 741 742 
uroplakia, 742 
cytology 

cell clusters, 748 749 749 
deeper layer cells, 748 748 
umbrella cells, 746 747 748 747 
epithelial variants, 742 742 742 
Brunn's nests, 743 743 
cystitis cystica, 743 743 
intestinal metaplasia, 743 
vaginal type squamous epithlium, 742 743 743 
Urinary tract tumors, 777 778 779 780 781 782 783 784 785 786 787 788 789 790 
791 792 793 794 795 796 797 798 799 800 801 802 803 804 805 806 807 808 809 

810 811 812 813 814 815 816 817 818 819 820 821 822 823 824 825 826 827 828 

829 830 831 832 833 834 835 836 837 838 839 See also Urothelial tumors 

bladder urothelial, 777 778 779 780 781 782 783 784 785 786 787 788 789 790 791 
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792 779 779 781 782 783 784 785 786 787 788 789 790 790 791 792 
aniline dyes leading to, 777 
aristolochia fangchi leading to, 778 
chlornaphazine leading to, 778 
classification/natural history of, 779 780 779 779 
cyclophosphamide leading to, 778 
environmental factors leading to, 777 
nonpapillary, 784 785 786 785 786 

precursor lesions of, 786 787 788 789 790 791 787 788 789 790 790 791 792 
792 

papillary, 780 781 782 783 784 781 782 783 784 See also Papillary urothelial tumors 
phenacetin leading to, 778 
pteris aquilina leading to, 778 
terminology, 778 779 

cytology of, 791 792 793 794 795 796 797 798 799 800 801 802 803 804 805 806 
807 808 809 794 795 796 797 798 800 801 802 803 804 805 806 807 808 809 
810 

accuracy in diagnosi, 827 828 829 830 831 
industrial worker exposure study and, 791 792 793 
invasive carcinoma progression in, 793 
positive stage of, 792 793 

precancerous uterine cervix/bladder comparison in, 793 
urothelial tumors in, 793 794 795 796 797 798 794 795 796 797 
renal parenchymal tumors. See Urinary tract, upper. See also Kidney, aspiration biopsy 
renal pelvis/ureter tumors. See Urinary tract, upper. See also Kidney, aspiration biopsy 

P. 1-50 

Urine 

Bales method for processing, 1572 1583 1584 1585 1584 1585 1586 

catheterized, 744 745 

ileal bladder, 765 766 766 822 

sediment cellular components with, 746 747 748 749 750 751 752 746 747 748 749 
750 751 

adjacent organ cells from, 751 752 

blood cells in, 751 

contaminants in, 752 

crystals in, 752 

eosinophiluria in, 752 

epithelial variants in, 749 750 

erythrocytes in, 752 

female genital tract cells in, 751 

microhematuria in, 751 752 

normal urothelial cells in, 746 747 

prostate/seminal vesicles/testis cells in, 751 

renal casts in, 750 751 

renal tubular cells in, 749 750 750 

superficial umbrella cells in, 746 747 748 747 

urothelial cells clusters in, 748 749 749 
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urothelium's deeper layer cells in, 748 748 
sediment in tumors recognition, 798 799 800 798 800 801 802 
Urocytograms, hormonal cytology and, 230 
Uroplakin, 742 743 744 745 1559 
antibody to, 697 

Uroprostatic carcinoma, 1271 See also Synchronous carcinoma 
Urothelial atypia, 790 791 792 

Urothelial carcinomas, 546 697 698 698 761 See also Bladder; Renal pelvis carcinoma; 
Urethra 

metastatic, 992 See also other organs 
mimicking plasmocytomas, 814 
Urothelial cells, 746 747 
stones-induced atypias of, 763 764 
Urothelial hyperplasia 
papillary urothelial tumors with, 780 781 
Urothelial tumors. See also Bladder carcinoma in situ; urinary tract tumors 
aniline dyes leading to, 777 
aristo/ochia fangchi leading to, 778 
chlornaphazine leading to, 111 
classification/natural history of, 779 780 779 779 
cyclophosphamide leading to, 778 

cytology of, 793 794 795 796 797 798 794 795 796 797 
atypical cells in, 796 797 798 797 
bladder barbotage with, 796 
cancer cells of, 793 
differential diagnosis with, 796 
investigation targets for, 793 
scanning electron microscopy for, 796 797 
voided urine in, 793 794 794 795 
histologic variants of, 804 805 806 807 808 806 807 808 809 
adenocarcinoma, 806 807 808 809 
squamous carcinoma, 804 805 806 806 807 
molecular genetics diagnosis of, 835 836 837 836 
chromosomal abnormalities in, 836 
FISH in, 836 836 
oncogenes in, 836 837 
tumor suppressor genes in, 836 837 

nonpapillary, 784 785 786 785 786 800 801 802 803 804 803 804 805 
flat carcinoma in situ, bladder, 800 801 802 803 803 804 805 
invasive, 803 804 

papillary, 780 781 782 783 784 781 782 783 784 
grade II papillary tumors in, 799 801 
grade III papillary tumors in, 799 800 802 
low grade papillary tumors in, 798 799 798 800 
patient monitoring for, 809 830 831 832 833 834 835 836 837 832 833 834 836 
bladder tumor antigen in, 835 
blood group antigens in, 835 
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cytologic, 830 831 832 832 

DNA content of barbotage in, 833 834 

DNAploidy analysis in, 832 833 833 834 

flow cytometry, 1724 1725 

ileal bladder urine, 765 766 766 822 

image analysis in, 834 

induced autofluorescence in, 835 

monoclonal antibodies in, 835 

morphometry in, 834 835 

non cytologic, 832 833 834 835 836 837 833 834 836 
nuclear matrix proteins in, 835 
proteomics in, 835 
telomerase activity in, 835 
phenacetin leading to, 778 

precursor lesions of, 786 787 788 789 790 791 787 788 789 790 790 791 792 792 
pteris aquilina leading to, 778 

renal pelves/ureters, 817 818 819 820 821 818 819 820 821 822 
adenocarcinoma as, 818 
cytology of, 819 820 821 819 820 821 822 
grading/prognosis of, 818 
natural history/pathology of, 817 818 818 
squamous carcinoma as, 818 
sediment in tumors recognition 
grade II papillary tumors in, 799 801 
grade III papillary tumors in, 799 800 802 
low grade papillary tumors in, 798 799 798 800 
patient work-up in, 800 
special situation, 808 809 
diverticula of bladder in, 808 
lithiasis in, 808 
prostatic disease in, 809 
terminology of, 778 779 
treatment options for, 830 831 
cystectomy 

ileal bladder urine, 765 766 766 822 
immunotherapy as, 830 
intravesical chemotherapy as, 831 
photodynamic therapy as, 831 
radical cystectomy as, 830 
radiotherapy as, 830 
surgical excision as, 830 

uncommon, 809 810 811 812 813 814 815 816 817 811 812 813 814 815 816 817 
amyloidosis, 810 
carcinoids of bladder, 812 
chemotherapy induced tumor, 817 
choriocarcinoma, 815 816 817 817 
condylomata acuminata, 810 811 812 812 
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endometriosis, 809 811 
eosinophilic granuloma, 810 
giant cell carcinoma, 814 
inverted papilloma, 811 
leiomyosarcoma, 815 
lymphoepithelioma-like carcinoma, 814 
malignant lymphomas, 815 
mesodermal mixed tumors, 814 815 
multiple myeloma, 815 
nephrogenic adenoma, 809 
nested variant urothelial carcinoma, 814 815 
papillomatosis of bladder, 809 
pheochromocytoma, 812 813 
primary melanomas, 815 816 
rhabdomyosarcomas, 815 816 
sarcomas of bladder, 815 816 
small-cell carcinoma, 813 814 
spindle cell carcinoma, 814 
squamous papilloma of bladder, 811 
synchronous carcinoma of bladder/prostate, 813 814 
urothelial carcinomas mimicking plasmocytomas, 814 
villous adenoma, 811 812 
Urothelial umbrella cells, 467 
Urothelium carcinoma in situ in prostatic duct, 826 
US. See Ultrasonography 
Usual interstitial pneumonia (UIP), 603 
Uterine adnexa, 185 
Uterine bleeding, abnormal, 427 
Uterine cavity, 185 
Uterine cervix. See Cervix, uterine 

Uterine cytology, during childbearing years, 194 195 196 197 198 199 200 201 202 203 
Uterine leiomyomas, endometrial abnormalities associated with, 427 

P. 1 - 5 1 

Uterine serosa, 184 
Uterus 

cervix anatomy, 184 184 
corpus, 184 

histology of, 185 186 187 188 189 190 191 192 193 194 186 187 188 189 190 191 
192 193 

lymphatic drainage of, 185 

Utricle, protostatic, adenocarcinoma, 824 825 826 825 
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Vacuoles, 32 

Vagina, 466 467 468 469 470 471 472 473 474 475 476 477 See also Gartner's duct 
carcinoma 
anatomy of, 1 84 
Bartholin's glands in, 184 
Bartholin's glands tumors with, 477 478 
benign abnormalities of, 466 467 
fistulous tracts, 467 
foreign bodies, 467 
infections, 466 
inflammatory disorders, 466 
posthysterectomy glandular cells, 466 
benign tumors of, 467 
hymen in, 184 
lymphatic drainage of, 184 

malignant tumors of, 469 470 471 472 473 474 475 476 470 471 472 473 474 475 
476 477 

adenocarcinoma, 474 475 476 477 475 476 477 
invasive carcinoma, 471 472 

squamous carcinoma, 469 470 470 471 472 473 474 
vaginal adenosis, 473 474 
vaginal intraepithelial neoplasia, 470 471 473 
VAIN precursor lesions, 472 473 474 
neovagina lesions, 477 
normal cytology of, 466 

vaginal/cervical adenosis in, 467 468 469 468 
Vaginal adenosis, 467 468 469 468 473 474 
Vaginal bleeding, 536 
Vaginal flora, 214 215 215 
Vaginal fornix, posterior, 184 
Vaginal intraepithelial neoplasia (VIN), 470 471 473 
precursor lesions of, 472 473 474 
Vaginal pool smears, 440 442 468 
occult endometrial carcinoma in, 453 454 455 455 456 457 
Vaginal secretions, 5 
cytology of, 6 7 
Vaginal septa, 184 

Vaginal smear patterns, in menopause, 206 206 

Vaginal smears, 7 8 11 12 442 444 See also Cervicovaginal smears; Pap smear(s) 
hormonal cytology and, 229 230 
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sampling systems for, 221 222 
Vaginal tampon, 223 

Vaginal vestibule, lower urinary tract, 740 
Vanillylmandelic acid (VMA), 1487 
Varicella-zoster virus 
CNS lesions with, 1526 1527 
lower respiratory tract with, 611 
Vaterian tumors, 906 907 908 
VCE Smear. See Triple-Smear Method 
VCF syndrome. See Velo-cardio-facial syndrome 
Vector, 76 
Veit, J., 6 

Velo-cardio-facial (VCF) syndrome, 104 105 
Verocay bodies 
mediastinum with, 1384 1385 
nerve sheath tumors with, 1540 1540 
retroperitoneum with, 1496 
soft tissue lesions with, 1324 1325 
Verrucous carcinoma, cervix, 356 
Vesicles, 27 35 38 
Vesicorectal fistula, 826 
Vesicovaginal fistulae, 467 
Videophotometry, digital analysis with, 1704 
Villoglandular carcinoma, endometrium with, 430 431 441 444 
Villonodular synovitis, synovial fluid, 1046 1047 1046 1047 1048 
Villous adenoma 
cervix with, 410 
duodenum with, 907 908 
urothelial tumors, 811 812 
Vimentin, 1647 1648 1649 1654 
VIN. See Vulvar intraepithelial neoplasia 
Viral agents, cervix 
herpesvirus type 2 as 286 

human papillomavirus as, 286 287 288 289 290 291 292 293 294 295 296 297 286 
287 288 289 290 291 292 293 296 
Viral endometritis, 426 427 
Viral infections 

adenovirus (respiratory tract), 609 611 612 

CNS lesions with, 1526 1527 

cytomegalovirus (respiratory tract), 609 611 611 

of genital tract, female, 269 270 271 272 

herpes simplex (respiratory tract), 609 610 611 609 610 

human papillomavirus (respiratory tract), 613 613 

lower respiratory tract with, 609 610 611 612 613 609 610 611 612 613 
lower urinary tract, 756 757 758 759 760 761 757 758 759 760 
cytomegalovirus in, 756 757 
herpes simplex virus in, 756 757 
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human papillomavirus in, 761 

human polyomavirus in, 757 758 759 760 761 758 759 760 
lymph nodes with, 1193 1194 
Epstein-Barr virus, 1193 
heterophil antibody test, 1193 
HIV as, 1193 

infectious mononucleosis, 1193 
measles (Rubella), 609 612 
parainfluenza, 609 611 612 
polyomavirus, 612 613 613 
respiratory syncytial, 609 612 612 
Varicella-zoster, 611 
vitreous body with, 1518 
Viral meningitis, CSF cytology with, 1026 1027 
Viral pneumonias, 932 
Viral pneumonitis, 627 
Virchow, Rudolf, 4 5 
Viruses 

benign tumors and, 145 
cell changes from, 142 142 
gastric disorders from, 868 

nonmalignant effusions associated diseases with, 934 
Vitreous body. See Eye 
VMA See Vanillylmandelic acid 
Vocal cords, 570 

Voided urine, 744 745 752 753 See also Urine; urinary tract 
abrasive urinary calculi with, 763 763 764 

Bales method for processing, 1572 1583 1584 1585 1584 1585 1586 
prostate carcinoma in, 1270 1271 1271 
prostate sampling with, 1263 
renal pelves tumors cytology with, 819 820 819 
urothelial tumors cytology with, 793 794 794 795 
Von Hippel-Lindau disease, 1464 1488 
brain tumors in, 1537 
Von Recklinghausen's disease, 1324 
Vorticella, 275 

Vulva, 478 479 480 481 482 483 
anatomy of, 183 184 
benign tumors of, 479 480 
Bowenoid papulosis, 483 
carcinoma in situ of, 481 482 
cytologic sampling for, 478 
histology of, 478 

inflammatory diseases of, 478 479 478 
herpes genitalis as, 478 
lichen sclerosus as, 479 
molluscum contagiosum as, 478 479 478 
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lymphatic drainage of, 184 
malignant tumors of, 479 480 481 481 
Paget's disease of, 482 483 483 
predisposing conditions of, 481 
primary mammary carcinoma of, 541 
Vulvar dystrophy, 481 

Vulvar intraepithelial neoplasia (VIN), 481 482 
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Waldayer, Wilhem, 5 
Waldenstrom macroglobulinemia, 1001 
Warthin-Finkelday cells, 612 

Warthin's tumor (Adenolymphoma), 1236 1238 1239 1240 1239 1240 
cytology of, 1 240 1240 
histology of, 1239 1240 
Warts. See Human papillomavirus 

Washing/lavage techniques, of cytologic sampling, 13 14 15 

P.I-52 

Wegener's granulomatosis, 591 608 689 
nasopharynx with, 731 
Weigert's iron hematoxylin, 1612 1613 
West Nile virus, 1525 
Western blotting, 70 71 76 
Whipple's disease, 893 
Whipworm. See Trichuris trichiura 
White sponge nevus of Cannon, 719 
Whitney test, 1693 

WHO. See World Health Organization 
Williams syndrome, 103 112 

Wilms tumor, 532 1464 1477 1478 1479 1478 1479 1656 1657 See also Nephroblastoma 
adult, 1479 1479 

children with, 1009 1010 1477 1478 1479 1478 
cytology of, 1478 1479 1478 
DNA histogram and prognosis with, 1731 
histology of, 1478 

Wilms tumor gene protein (WT1), 1662 
Wilson's disease, 1392 1394 

Working Formulation, malignant lymphomas classification, 1198 

World Health Organization (WHO), 655 660 

Wright-Giemsa stain, 1615 1616 

Wright's stain, 1615 

WT 1 . See Wilms tumor gene protein 

Wuchereria bancrofti, Til 762 
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X chromosomes, 95 96 98 
Xanthelasma, eye lid, 1511 
Xanthogranulomatous cholecystitis (XGC), 910 
Xanthogranulomatous pyelonephritis, 1461 
X-ray diffraction microscopy, 24 
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Y chromosomes, 93 96 101 
Y-body, 101 

Yellow nail syndrome, 945 

Yolk sac tumors (Endodermal sinus tumor), 506 507 
mediastinum of, 1383 
ovary, 506 507 
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Z 

Zajicek, Josef, 10 
Zollinger-Ellison syndrome, 893 
islet cell tumor with, 1447 
Zona pellucida, 491 
Zygonema, 96 97 
Zygote, 64 96 
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